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Review article

Pulmonary Rehabilitation and Exercise Train-
ing in Chronic Obstructive Pulmonary Disease
Rainer Gloeckl, Tessa Schneeberger, Inga Jarosch, Klaus Kenn

Summary
Background: Chronic obstructive pulmonary disease (COPD) is a common condition 
that is becoming increasingly prevalent. It affects 13.2% of the population over age 
40 in Germany. In 2020, it will be the third most common cause of morbidity and 
mortality around the world. It markedly impairs the quality of life of those who suffer 
from it and presents a major economic challenge to the health-care system. 

Methods: This review is based on pertinent publications retrieved by a selective 
 literature search and on the authors’ clinical experience. 

Results: Pulmonary rehabilitation (PR) for patients with COPD is supported by 
 evidence on the highest level. It is associated with statistically significant (p <0.001) 
and clinically relevant improvement in physical performance (6-minute walk 
 distance: + 44 m; 95% confidence interval [33; 55]), shortness of breath (Chronic 
Respiratory Disease Questionnaire: +0.79 points [0.56; 1.03]), and the quality of life 
(Saint George´s Respiratory Questionnaire: –6.9 points [–9.3; –4.5]). The benefits of 
PR are especially evident after an acute exacerbation of COPD: it significantly 
lowers the rate of readmission to the hospital (odds ratio 0.22 [0.08; 0.58], 
p = 0.002) and improves physical performance ability (6-minute walk distance: 
+ 62 m [38; 86] and the quality of life (Saint George´s Respiratory Questionnaire: 
–7.8 points [–12.1; –3.5]; p <0.001 for both).

Conclusion: PR is an effective and cost-effective therapeutic intervention that 
 improves physical performance ability, shortness of breath, and the quality of life in 
patients with COPD, but it has not yet been fully implemented as recommended in 
the relevant guidelines. There is a need for targeted, problem-oriented referral to a 
range of PR programs with problem-specific content. The necessary outpatient PR 
structures still need to be established in Germany.
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A ccording to the 2017 report of the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD), 
pulmonary rehabilitation (PR) is the most effective 

therapeutic intervention for reducing dyspnea and 
 improving physical performance and quality of life (1). 
Furthermore, PR is one of the most cost effective treat-
ments in chronic obstructive pulmonary disease (COPD) 
(2).

The American Thoracic Society (ATS) and the 
European Respiratory Society (ERS) define PR as “an 
evidence-based, multidisciplinary, and comprehen-
sive intervention for patients with chronic respiratory 
diseases who are symptomatic and often have de-
creased daily life activities” (3). Furthermore, it is an 
intervention that is delivered by a multidisciplinary 
rehabilitation team, in which comprehensive 
 diagnostic evaluation forms the basis of an individual, 
patient centered therapeutic program. Obligatory 
components of such a program—which is, however, 
not restricted to just these— include physical exer-
cise, patient education, and behavioral change, all of 
which aim to improve the physical and mental state of 
persons with chronic respiratory diseases and to effect 
sustained health promoting behaviors (3). In this 
 review article, we present the importance of PR as 
well as its elements (Figure 1) within the German 
health care system.

Method
This review article is based on a selective literature 
search in PubMed—using the search terms “pulmonary 
rehabilitation”, “chronic obstructive pulmonary dis-
ease”, and “COPD”—and on the authors’ own clinical 
experience.

Results
Evidence in support of PR 
The effectiveness of PR is supported by highest-level 
evidence (Table 1) (4, 5). All patients will benefit, inde-
pendently of the severity of their illness, even though 
the confirmed evidence is best for patients with 
 moderate to severe COPD (6). The international PR 
guidelines show that even patients with low-grade flow 
limitation will benefit if their symptoms are severe. 
Initiating PR after a hospital stay for an acute exacer-
bation has been found to be safe and effective. A Coch-
rane meta-analysis found that PR in this phase of the 
disease can improve physical performance and quality 
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of life in a particularly effective way. This did not only 
reduce hospital readmissions (odds ratio 0.22; 95% 
confidence interval [0.08; 0.58]; P=0.002) but 
also—significantly—mortality (0.28; [0.10; 0.84.]; 
P=0.02) (7). Such an effect has so far not been shown 
for any medication treatment for COPD (8). A sub-
group analysis showed that the effects of PR are de-
pendent on the quality of the PR—that is, higher 
quality rehabilitation will yield better results (9, 
10).

Prescribing practice
In Germany, the responsibility for PR prescriptions lies 
with the statutory health insurers, pension schemes, and 
employer‘s liability insurance associations. Current 
therapeutic guidelines regard PR as indicated from 
stage II or B according to GOLD (1) (disease severity 
stages I–IV or A–D) (3). In Germany, PR is delivered 
almost exclusively on an inpatient basis in rehabili-
tation clinics over 3 weeks. By contrast, data from the 

international literature relate practically exclusively to 
outpatient PR or domiciliary rehabilitation.

The components of PR
In order to obtain an objective picture of a patient’s cur-
rent health status and changes after PR, it is first of all 
essential that valid testing methods are used (Table 2).

Medical management
The complexity of differentiated PR has increased 
 substantially, and appropriate management by medical 
professionals is becoming increasingly important. This 
includes subtle diagnostic evaluation to capture the 
medical status, performance ability, and relevant 
 comorbidities. Additionally, medication therapy and in-
halation techniques need to be checked.

Where indicated, it is crucial that guideline  
 conform long-term oxygen therapy is guaranteed 
(11). To this end, the required flow rates at rest, at 
exertion, and at night need to be individually titrated. 
In very advanced disease, non-invasive ventilation 
(NIV) can have a role in a differentiated PR program 
(12). This requires the necessary technical expertise 
in guiding individualized NIV during the process of 
PR. In individual cases it is even possible to train pa-
tients having concomitant NIV on the exercise bike or 
treadmill and to help them gain a greater stimulus to 
exercise in this way.

It is important to define realistic objectives for pa-
tients. Furthermore, it is of central importance to train 
and motivate patients to adopt a more active and 
health oriented lifestyle for the long-term, because the 
extent of physical activity in daily life is crucial for 
their prognosis (Figure 2) (13). Only by continuing 
what was learnt in PR will patients achieve the best 
possible disease course.

Exercise therapy 
Endurance training
Endurance training is the classic form of training for 
the upper and lower limbs and as such popular. Most 
endurance training programs are based on the con -
tinuous method, with uninterrupted training for a 
 lengthy period of time and mostly at a constant level of 
intensity. More recent data from a randomized con-
trolled study have shown that especially in advanced 
COPD, patients may benefit from interval training (14). 
Compared with the continuous method, intensive inter-
val training leads to a lesser degree of dynamic pul-
monary hyperinflation, and this is one of the reasons 
why it enables a notably longer tolerated training 
 period and, simultaneously, a lower degree of exer-
tional dyspnea (dyspnea on a 0–10 point Borg scale: in-
terval training 6.2 versus continuous method 7.2; 
P=0.012) (14). In addition to training on a stationary 
 bicycle, endurance training can also be performed as a 
walking exercise (on the treadmill or floor). To adjust 
the intensity, aiming for a subjectively experienced 
exertion of 4–6 on the modified Borg scale (15) has 
been found to be viable, effective, and safe.

FIGURE 1

Components of a complex, multimodal rehabilitation program in COPD (chronic obstructive 
pulmonary disease)
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TABLE 1 

Evidence for pulmonary rehabilitation in COPD* 

* After Ries et al. 2007 (4); COPD, chronic obstructive pulmonary disease

Effects

Improved quality of life

Improved general physical performance abil-
ity

Improved strength and leg muscle mass

Improved strength and arm muscle mass

Reduction of resting and exertional dyspnea

Reduction in hospital admissions and days 
spent in hospital

Decrease in COPD-associated anxiety and 
 depression symptoms

Evidence 
level

A

A

A

A

A

B

B
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Strength training 
Endurance training in combination with strength train-
ing has become an established basic component of 
training therapy in chronic pulmonary disorders, and a 
meta-analysis including data from 750 COPD patients 
showed that it resulted in a significantly greater im-
provement in quality of life (St George’s Respiratory 
Questionnaire: –7.44 points; P=0.005, with –4 points 
being defined as clinically relevant) and strength ability 
(leg strength +12 kg; P<0.001) compared with 
 endurance training alone (16).

In the context of strength training, the idea is to 
strengthen major muscle groups, with the emphasis 
on the lower limb, because this is where disease-
 related muscular atrophy is usually most pronounced. 
Targeted strength training can be done by using 
strength training equipment, free weights, or one’s 
own body weight—at a level that is tailored to the 
 individual patient. According to evidence-based rec-
ommendations, it is of crucial importance for building 
strength or muscular hypertrophy to achieve momen-
tary muscular failure of the exercised muscles durin a 
training unit.(17). 

Respiratory muscle training
Specific training for the respiratory muscles, using 
 inspiratory muscle training equipment, can increase the 
capacity of the inspiratory muscles, which in turn 
means that these will be able better to compensate the 
acute increase in exertion as a result of physical 
 activity. Pooled data from a meta-analysis of 32 studies 
showed the following: if inspiratory muscle training is 
the sole intervention, respiratory muscle strength 
(PImax: +13 cm H20; P <0.001), physical performance 
ability (6-minute walk distance +32 meter; P<0.001), 
and exertional dyspnea (transitional dyspnea index: 
+20 points; P<0.001) can improve significantly (18). 
The additive effect of respiratory muscle training 
alongside multimodal PR including general exercise 
training is comparatively small.

Neuromuscular electrical stimulation
During electrical muscle stimulation, electrical 
 impulses are being delivered through electrodes affixed 
to the skin, which trigger intense contraction of the 
muscles underneath. This training method is used 
 especially in patients who are severely impaired or 
 immobile; according to a recent meta-analysis it can 
improve the 6-minute walk distance  significantly in this 
subgroup, by +37m (P<0.001) (19).

Whole body vibration training
Vibration training is characterized by external stimu-
lation by means of an oscillating vibration stimulus, 
usually by standing on a vibration platform. Above a 
specific vibration frequency, the stretch stimulus 
triggers a reflex that leads to an involuntary muscle 
contraction. A recent randomized controlled study 
found a significant improvement in COPD patients’ 
ability to balance after vibration training (+36%, effect 

size 1.04; P<0.001) (20). An earlier randomized con-
trolled study in patients with very severe COPD found 
in addition that vibration training on top of general train-
ing improved physical performance ability in the 6-min-
ute walk test significantly (P<0.05) more, by 27m, than 
traditional endurance and strength training alone (21).

Patient education
A primary objective of instructing and educating 
 patients during PR is to bring about an increase in self 
efficiency. Training courses have developed from a 
merely didactic tool to adaptive and lifelong behavioral 
changes and changes in attitudes and awareness, in-
cluding patients’ own self competence (3). Positive 
examples for changed behaviors include:

● Improved adherence to medication
● Continuation of the exercise and dietary modifica-

tions
● Increase in physical activity
● Smoking cessation
● Use of energy saving strategies during activities of 

daily life.
For this reason, in addition to merely imparting 

knowledge and information, the primary objectives 
are practicing practical, realistic skills (for example, 
learning the correct inhalation techniques) and devel-
oping an active way of coping with illness.

Further essential components of successful instruc-
tion and training for patients are the early identifica-
tion of exacerbations and emergency situations, and 
the subsequent implementation of individualized 
emergency plans. All these approaches aim to bring 
about sustained and continued changes in patients’ 
 attitudes and awareness levels, as well as their beha-
viors, that then should become part of their daily lives. 
The greatest possible amount of physical activity is a 

TABLE 2

Selected testing methods in pulmonary rehabilitation

COPD chronic obstructive pulmonary disease

Physical 
 performance

Lung function

Dyspnea

Quality of life

Test (result parameter)

● 6-minute walk distance (meter)
● Shuttle walk tests (meter)
● Incremental cycle test (peak work rate)
● “constant work rate cycling“-test (time)
● Spiroergometry (VO2max, among others)
● “Sit to stand“ tests (number of repetitions or time)
● Isometric/isokinetic  maximum strength measurement (e.g., 

Newton)

● Bodyplethysmography
● Blood gas analysis

● Borg scale
● Visual analogue scale

● Chronic Respiratory Disease  Questionnaire (CRQ)
● St. George‘s Respiratory  Questionnaire (SGRQ)
● COPD-Assessment Test (CAT)
● Short-Form 36 Questionnaire (SF-36)
● Hospital Anxiety and Depression Scale (HADS)
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crucial prerequisite to facilitating the best possible 
disease course (Figure 2). 

Elements that should be taught are, for example, 
included in the established German COBRA training 
program (COBRA: chronic obstructive bronchitis 
with or without emphysema), which can be delivered 
on an outpatient basis but also in the setting of inpa-
tient PR (22). Especially for COPD patients who have 
not completely given up smoking, smoking cessation 
is a primary objective as a central component of PR 
(1). Inpatient PR, which is completely detached from 
a patient’s everyday life, may possibly provide a 
 particularly beneficial setting for this purpose. (23).

Respiratory physiotherapy
Compared with the confirmed evidence for training 
therapy, the data for respiratory physiotherapy are 
rather less robust. Still, the recommendation is to 
 acquire breathing strategies that may provide immedi-
ate relief in acute dyspnea (4). Most patients develop 
increasing dynamic pulmonary hyperinflation while 
conducting activities of daily life even in the early 
stages of COPD; this is accompanied by exertional 
dyspnea (24). For this reason, it makes sense to to teach 
positive expiratory pressure breathing techniques to 
prolong the expiratory interval and trigger pulmonary 
“de-flation.” Exertional dyspnea can be improved by 
using the pursed lips breathing technique (25).

Coughing and impaired elimination of mucus are 
common characteristics of COPD. In respiratory tract 
instability, which is common, it is often difficult to 

improve mucus expectoration—which is mostly ex-
perienced as a torment. Special coughing techniques 
(huffing, autogenic drainage), combined with oscillat-
ing expiratory breathing devices, may be effective in 
this setting (25).

Extrapulmonary manifestations of  
COPD/comorbidities
In COPD, comorbidities that require treatment are very 
often found in the context of PR (Figure 3,[e1]). In ad-
dition to the symptoms directly associated with COPD, 
they affect a patient’s entire health status in crucial 
ways. Although numerically they may not be in first 
place, for PR in COPD, psychological comorbidities in 
the form of depression, anxiety, and panic play the most 
important part.

At the start of PR, for example, prevalence rates of 
anxiety and depression of 32% and 27% have been re-
ported (26). The rates are even higher in advanced 
stages of the disease or in patients using long-term 
oxygen therapy (47–66%) (27). Depression in this 
context does not necessarily mean major depression 
but, rather, depressive symptoms of resignation. The 
physical performance ability of such patients is often 
reduced because of fear avoidance behavior (28). PR 
alone, without involving a special psychotherapeutic 
intervention, can reduce anxiety symptoms by –14% 
and symptoms of depression by –41% (29).

Since fear and panic have an adverse effect on 
breathing patterns and often contribute to pulmonary 
hyperinflation, specialized breathing training and 
 acquisition of suitable coping strategies are among 
the components of PR (3). There is some evidence 
that supervised physical training of affected patients 
in combination with training in coping with stress im-
proves their strategies for dealing with COPD (30).

Nutritional counseling
In patients with COPD, a loss in fat-free body mass has 
been found to be a poor prognostic parameter (31). The 
loss of fat free mass, which can be evaluated by using 
bioelectrical impedance analysis, is accompanied by 
muscle weakness and reduced quality of life. Targeted 
calorific food supplementation can have a beneficial 
 effect on fat free mass, especially in malnourished 
 patients, and can furthermore improve physical per-
formance ability, quality of life, and even lung function 
(32).

In patients who cannot eat large main meals 
 because of dyspnea, more frequent, small meals are 
recommended. Adding vitamins or minerals is not 
considered necessary if the patient’s diet is balanced 
(33). Individual nutritional therapy is an effective and 
underrated intervention in dealing with COPD, es-
pecially in malnourished patients and when combined 
with physical training.

Social care needs assessment, careers advice/social 
services counseling
Another purpose of PR is a social care needs assessment 

FIGURE 2

Relevance of an active lifestyle in chronic obstructive pulmonary disease (COPD)—data 
 adjusted for age and sex. (from: Waschki B, et al.: Physical activity is the strongest predictor of 
all-cause mortality in patients with COPD: a prospective cohort study. Chest 2011; 140: 
331–42. [13]; reproduced with permission from Elsevier)
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and social services counseling or careers advice. These 
include in particular the individually tailored initiation 
of services to enable the patient to participate in work-
ing life, such as redeployments within a company or re-
training. For older patients in particular, what is crucial 
is general counseling about available social care ser-
vices. These include, for instance, possible home care 
or services for severe disability, the provision of thera-
peutic appliances/assistive technologies, and advice on 
social services and institutions of social care. For pa-
tients having long-term oxygen therapy,  applying for 
the passport for severely disabled persons for use on 
local public transport (for example, so they can access 
parking spaces for disabled people) can  provide practi-
cal relief and relieve the financial burden. 

Discussion
Successful rehabilitation need to be sustained and sup-
ported by a transfer of more physical activity and self 
efficiency into patients’ everyday lives (according to 
the motto: “Use it or lose it”). Unfortunately, improve-
ments in muscle function and physical performance 
ability achieved during PR do not automatically trigger 
an increase in activity behaviors in patients’ everyday 
lives (34). This underlines once more the importance of 
patients’ own motivation. Since special motivational 
programs to increase activity in the long-term and 
thereby to embed permanently the beneficial effects 
achieved during PR have delivered contradictory 
 results to date (35), further research is needed. It is 
probably important for everyone participating in the 
treatment process to continue to encourage patients 
 repeatedly to take up physical activity.

Furthermore, activities should be identified that 
 patients like doing. After a Nordic Walking program, 
for example, the improved physical activity level on 
COPD patients was still measurable 6 months after 
the end of the study (36), since most of the patients 
continued with the training in their everyday lives. PR 
is therefore a good opportunity for patients to find a 
repertoire of activity options that is suitable for them.

A possible effect of new technologies—for 
example, activity monitors in the shape of fitness 
wristbands, apps, or telemonitoring—on physical 
 activities in pulmonary patients remains to be seen. 
Such devices can feed back on physical activity 
 objectively and can provide a motivational aid for 
COPD patients through direct feedback.

Furthermore, it is desirable for outpatient and inpa-
tient PR programs with long-term measures—for 
example, ambulatory exercise training programs for 
patients with chronic lung diseases (www.lungen
sport.org) (37)—to become part of a network.

Existing data from the literature provide evidence 
for multimodal and multidisciplinary PR that is 
beyond doubt. In 2016, Deutsches Ärzteblatt 
 published “Choosing Wisely” recommendations for 
pneumology. The positive recommendations included 
among others that patients who had been admitted to 
the hospital for an acute exacerbation should subse-

quently be referred to PR (38). This recommendation 
cannot be implemented completely at the present time 
because of a lack of capacity. The aim should be to 
identify patients with frequent exacerbations and let 
them participate in multimodal PR, as this can im-
prove their prognosis.

The report of the German Institute of Medical 
Documentation and Information (Deutsches Institut 
für Medizinische Dokumentation und Information, 
DIMDI) (39) on outpatient PR has been available 
since 2010 and was rated positively by the Institute 
for Quality and Efficiency in Health Care (Institut 
für Qualität und Wirtschaftlichkeit im Gesundheits-
wesen, IQWiG). This report should prompt a nation-
wide expansion of specialized outpatient PR ser-
vices, which are currently not available in Germany. 
In order to  ensure that, once these PR services have 
been  established, they really do deliver the positive 
effects known from the literature, a quality-based 
and result oriented measuring system should be set 
up, as has become established with success in the 
Netherlands (40). Only then can multimodal, multi-
disciplinary PR become established as a crucial 
component in the overall treatment process for 
COPD.

FIGURE 3

Rates of objectively measured comorbidities in chronic obstructive pulmonary disease (COPD) 
(after Vanfleteren et al. [e1])
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An Exotic Visitor
A 44-year-old German man who had been suffering from recurrent abdominal pain, 
mild scleral icterus, and eosinophilia of unknown origin for several weeks was re-
ferred by his  general practitioner for ambulatory colonoscopy. The endoscopic find-
ing was a circumscribed irregularity of the mucosa located 30 cm from the anus; a
biopsy was taken. Histological examination revealed florid inflammation with a mac-
rogranuloma and an inlaid parasitic structure within an eosinophilic abscess, consist
ent with schistosomiasis (Figure). The pathogen was morphologically identified as 
Schistosoma mansoni. In the light of this diagnosis, the patient was asked retrospec
tively about his travel history and informed us that had he had performed develop-
mental aid work in  Uganda. Treatment with praziquantel (40 mg/kg body weight) 
rapidly led to the resolution of his symptoms. According to the WHO, some 200 mil-
lion persons worldwide are infected with schistosomes, and 15 000 persons die of 
schistosomiasis each year in Africa alone. Such cases are very rare in Germany.
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Translated from the original German by Ethan Taub, M.D.

Figure: Hematoxylin and eosin stain, 40x.
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Figure: Hematoxylin and eosin stain 40x
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