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COPD currently ranks fourth as a cause of death in the 
United States and is on course to be the third most 
common cause of death worldwide by 2020.

Whereas COPD was once principally a disease of men, it 
now kills roughly equal numbers of men and women 
in the United States. 

In 2000, COPD was responsible for 8 million physician 
office visits, 1.5 million emergency department visits, 
and 726,000 hospitalizations (about 13% of total 
hospitalizations)

It is second only to coronary heart disease as a reason 
for payment of Social Security disability benefits.
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EpidemiologiaEpidemiologia



Chronic obstructive pulmonary disease 
(COPD) is an irreversible condition, 
characterized by airflow limitation and 
chronic inflammation of the airways.

The clinical profile includes dyspnea, 
fatigue, reduced exercise tolerance, and 
diminished physical activity (PA), 
contributing to a poorer health-related 
quality of life (HRQOL)
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Although COPD primarily affects lung 
function, it often has extrapulmonary
manifestations.

Principal among these systemic 
manifestations is skeletal-muscle 
dysfunction, especially in the leg 
muscles involved with ambulation. F
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Examination of leg-muscle tissue: 
- decreased aerobic enzyme activity

- low fraction of type I (aerobic) fibers, 

- decreased capillarity

- Presence of inflammatory cells, and increased 
apoptosis

Reduced aerobic capacity, with early onset 
of lactic acidosis
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Muscle fatigue occurs at work rates that would not 
engender fatigue in healthy subjects.

It has been shown that in an appreciable fraction of 
patients with COPD, muscle fatigue rather than 
dyspnea is the primary factor limiting exercise 
tolerance.

It is likely that the primary cause of these muscle 
abnormalities is deconditioning (patients with COPD 
are often very sedentary)F
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Physiological impairments include respiratory and 
skeletal muscle dysfunction, together with sleep 
disruption and symptoms of anxiety and 
depression are often observed. 

The heterogeneous nature of COPD is further illustrated 
by variable body composition abnormalities and 
nutritional deficits as well as other concurrent 
medical conditions including cardiovascular disease, 
diabetes, osteoporosis, and osteoarthritis.
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FisiopatologiaFisiopatologia
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Pulmonary rehabilitation (PR) is a “comprehensive 
intervention based on a thorough patient assessment 
followed by patient-tailored therapies that include, but
are not limited to, exercise training, education, and 
behavior change, designed to improve the physical and 
psychological condition of people with chronic 
respiratory disease and to promote the long-term
adherence to health-enhancing behaviors”



Pulmonary RehabilitationPulmonary Rehabilitation
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Pulmonary rehabilitation does not directly 
improve lung mechanics or gas  exchange. 
Rather, it optimizes the function of other 
body systems so that the effect of lung 
dysfunction is minimized



High-intensity rehabilitative exercise programs improve 
muscle function by inducing changes in muscle 
biochemistry . 

As a result, higher work rates can be tolerated without 
appreciable lactic acidosis .

For patients in whom ambulatory muscle dysfunction is 
a primary limitation, delayed fatigue directly enhances 
exercise tolerance. 

For patients in whom ventilatory limitation is primary, 
decreased lactic acidosis at a given level of exercise 
decreases ventilatory demand, probably by means of 
decreased carotid-body stimulation.P
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Dyspnea is also mitigated by reducing dynamic 
hyperinflation , which results when exercise leads to 
increased ventilatory demand and inadequate time is 
allowed for expiration, given the limitations on 
expiratory airflow. 

End-expiratory and, therefore, end-inspiratory lung 
volume is forced to increase progressively. When end-
inspiratory lung volume approaches the limiting 
volume (total lung capacity), the elastic work of 
breathing and dyspnea increase markedly. 

P
ul

m
on

ar
y

R
eh

ab
ili

ta
tio

n
P

ul
m

on
ar

y
R

eh
ab

ili
ta

tio
n



COPD



Exercise training lowers ventilatory demand , resulting 
in a slowing of respiration at a given level of exercise. 
With a longer expiratory time there is less dynamic 
hyperinflation and, therefore, less dyspnea.
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Pulmonary rehabilitation also works 
through other, less well-defined 
mechanisms. 

- Desensitization to dyspnea (a 
decrease in the perception of 
dyspnea for a given task). Factors 
hypothesized to contribute to this 
desensitization include the 
antidepressant effect of exercise 
as well as the social interaction 
and distraction from dyspneic
sensations that occur during 
exercise with a group of patients 
who have the same condition. 
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Pulmonary rehabilitation also works 
through other, less well-defined 
mechanisms. 

- Education in the development of 
self-management strategies : an 
approach that involves a 
partnership between the patient 
and health professionals to 
system. This approach promotes 
adaptive behaviors, such as 
abstinence from smoking, better 
adherence to pharmacologic and 
exercise therapy, and earlier 
recognition and treatment of 
COPD exacerbations
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Forced expiratory volume in 1 second (FEV1) is not the 
sole criterion for selecting patients for pulmonary 
rehabilitation, but patients who are typically referred 
for rehabilitation in the United States have stage 3 
(severe) disease according to the four-stage Global 
Initiative for Chronic Obstructive Lung Disease 
(GOLD) classification of severity
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Although PR benefits persons with many respiratory 
disorders, much of the published literature has, 
historically, centered on COPD . 
Provision of PR services for persons with COPD should 
be based on symptoms and functional status 
limitation rather than solely on the severity of lung 
function impairment. 
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PR effectively addresses several issues also 
experienced by persons with mild to moderate COPD ,
including exertional dyspnea, dynamic hyperinflation, 
skeletal muscle dysfunction, low physical activity levels, 
depression, risk and impact of comorbidities such as 
cardiovascular disease, exacerbations of COPD, and 
impaired quality of life
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However, in some jurisdictions, access to PR is limited 
by regulations specifying insurance coverage of PR only 
for stable patients with COPD who have moderate to 
severe airflow obstruction. 
Such policies are not in line with strong evidence 
from randomized trials that show that both patients with 
unstable COPD who start rehabilitation during or after an
exacerbations and patients with stable mild to moderate 
COPD benefit from rehabilitation



In general, pulmonary rehabilitation is not 
recommended for patients who are unable to walk 
(because of orthopedic or neurologic disorders) or 
those with unstable cardiac disease (unstable 
angina or recent myocardial infarction). 

Other relative contraindications include cognitive or 
psychiatric problems that would prevent the patient 
from comprehending or cooperating with the treatment 
plan. Some programs exclude active smokers ,  
although there are no convincing data that support this 
decision.
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Incremental cycle ergometry

A progressively increasing work rate protocol enables 
rapid acquisition of diagnostic data. 

Because the response of some of the major interesting 
variables, such as minute ventilation, V’O2 and carbon 
dioxide uptake, lags behind changes in work rate, it is 
important to employ a protocol in which work rate 
increases at a constant rate
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6-min walk test

The 6MWT is probably the most popular field walking test 
used for patients with respiratory disorders. It 
evaluates the global and integrated responses of 
all systems involved during exercise, including the 
pulmonary and cardiovascular system, neuromuscular 
units and muscle metabolism. 

It is generally believed that the self-paced 6MWT 
assesses the sub-maximal level of functional 
capacity , although reaching high levels of 
cardiopulmonary stress. 

The 6-min walking distance (6MWD) seems to better 
reflect the function exercise level for daily physical 
activities than maximal incremental tests
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The 6MWT requires a 30-m hallway but no exercise 
equipment.

The test measures the distance that a patient is able to 
walk quickly on a flat, hard surface in a period of 6 min 
back and forth around cones. 

A rigorous standardisation of the test procedure, 
especially concerning the verbal communication 
before and during the test, is very important to 
minimise a potential bias by the tester
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Incremental shuttle walking tests

The incremental shuttle walking test (ISWT) is also a field 
walking test; however, it differs from the 6MWT as it 
uses an audio signal from a CD player to determine 
the walking pace of the patient back and forth on a 10-
m course. 

The walking speed increases every minute, and the test 
ends when the patient is not able to reach the 
turnaround point within the required time. 

The distance walked is noted as a primary outcome 
parameter. The power output is similar to a symptom-
limited, maximal, incremental treadmill test.
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Incremental shuttle walking tests

An advantage of the ISWT is that it shows a better 
correlation with peak V’O2 than the 6MWD as this test 
determines the maximum exercise capacity. 

Disadvantages include less widespread use and more 
potential for cardiovascular risks, since it evokes 
maximal exertion from the patients.
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Sit-to-stand tests

Another simple test procedure to determine functional 
exercise capacity is a sit-to-stand test. The test 
involves either the number of sit-to-stand repetitions 
from a standard chair within 30 s, respectively 60 s, or 
quantifies the time that a patient needs to perform, for 
example, five repetitions in a row. 

These tests may also determine functional status as 
easily as the 6MWT in regard to neurophysiologic 
effectiveness.A
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Peripheral muscle strength testing

As COPD is a disease with extrapulmonary, systemic 
manifestations such as muscle dysfunction, it is also 
important to assess peripheral muscle function.

Muscle strength is usually expressed as the maximal 
voluntary isometric force of a muscle. As a reflection 
of lower limb strength, the quadriceps femoris muscle 
is, mostly, tested. Important requirements for a valid 
measurement are a proper fixation of the patient so 
that they cannot make any evasion movementA
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Peripheral muscle strength testing

Devices such as an isokinetic dynamometer, a special 
chair using a strain gauge fixed at the ankle, or hand-
held dynamometers can be used to determine muscle 
strength. 

Handgrip force, measured by a handgrip dynamometer, 
can be considered as an indicator for upper extremity 
strength.
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- Hospital-based outpatient program

- Homebased

- Community-based

- Inpatient settings

Many rehabilitation programs feature three directly 
supervised sessions per week, each lasting 3 to 4 hours. 
The duration of most programs ranges from 6 to 12 
weeks, although some studies suggest that longer 
programs may provide additional and more durable 
benefits
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-L’allenamento fisico varia con frequenza da 
quotidiana a settimanale, con durata tra i 
10 e i 45 minuti per seduta e con intensità 
dal 50% del picco di consumo di ossigeno 
(VO2 max) al massimo tollerato. 

La lunghezza ottimale di un programma di 
esercizio non è stata esaminata in studi 
clinici randomizzati controllati, ma la 
maggior parte degli studi con meno di 28 
sedute di esercizio mostrano risultati 
inferiori rispetto a quelli con periodi di 
trattamento più lunghi.

In pratica, la durata dipende dalle risorse 
disponibili e generalmente varia dalle 4 alle 
10 settimane, con conseguenti effetti 
maggiori per i programmi più lunghi rispetto 
ai programmi più corti
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Endurance training

Endurance training is probably the most common 
exercise modality in patients with COPD. 

The main objective of endurance training is to improve 
aerobic exercise capacity as aerobic activities are 
part of many everyday tasks in these patients. 

It has been shown that endurance training also improves 
peripheral muscle function in patients with COPD
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High intensity training, defined as greater than 60% of 
maximal work rate for a duration of 20 to 60 minutes is 
associated with greater benefits compared to lower 
intensity. 

The selection of this intensity is based on the rationale for 
addressing skeletal muscle weakness, with a 
sufficient anabolic stimulus required to target the  
skeletal muscle’s oxidative capacity .

In patients with COPD, a target level for symptoms of 
dyspnea of 4 to 6 (moderate to very severe) or rating 
of perceived exertion of 12 to 14 (somewhat hard) is 
considered to reflect an appropriate training intensity.
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The most common modes of endurance training tested in 
COPD are walking (ground-based or treadmill 
walking) and stationary cycling .

This type of exercise is associated with improvement in 
maximal exercise capacity following endurance 
training, reflected by increased VO2 peak and peak 
work rate and greater endurance capacity for 
treadmill-based tests and cycle ergometry.

The improvement in aerobic metabolism of skeletal 
muscles reduces the ventilation requirements for a 
given workload, which is reflected by reduced 
dyspnea and greater tolerance of daily activities
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Continuous versus interval training

However, most patients with severe COPD are not able to 
sustain high-intensity exercise due to serious 
symptoms, such as dyspnoea and fatigue .

Therefore, alternative exercise protocols, such as interval 
training, have gained increasing interest especially in 
patients with advanced COPD.
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Continuous versus interval training

Although interval training consists of a sequence of on-
and-off high-intensity muscular loads, its tolerability in 
the context of perceived respiratory and peripheral 
muscle discomfort has been shown to be better than 
that of constant load exercise.

In general, many patients are frustrated by the burden of 
physical limitation in daily life. To avoid frustration  
during exercise training it may be important to offer 
exercise protocols that are feasible to each specific 
patient.
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Resistance strength training

Improved leg strength aids in some activities of daily 
living and may lessen the risk of falls (although this 
benefit has yet to be demonstrated in clinical trials). 

Resistance training that involves the upper arms is also 
useful, both because it facilitates the ability to carry 
out the activities of daily living and because some of 
the upper-arm muscles also serve as auxiliary 
muscles



Resistance TrainingResistance Training
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Resistance TrainingResistance Training



Inspiratory/Expiratory TrainingInspiratory/Expiratory Training



TrainingTraining



Inspiratory/Expiratory TrainingInspiratory/Expiratory Training



Psychological interventionsPsychological interventions



Psychological interventionsPsychological interventions



Auditory StimuliAuditory Stimuli



Self-managementSelf-management



Physical activityPhysical activity
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Physical activity can be defined as “any bodily movement 
produced by skeletal muscles that results in energy 
expenditure”

Therefore, physical activity in daily life can be considered 
as “the totality of voluntary movement produced by 
skeletal muscles during every day functioning” and is 
assessed by the quantification of this totality of 
movements during daily life. 

In distinction, exercise is “a subset of physical activity that 
is planned, structured, repetitive and purposeful”



Physical activityPhysical activity
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Level of Physical Activity in COPD

Watz H, et al. ERJ 2009



N Engl J Med 2002



COPD: physical inactivity and readmission

Garcia-Aymerich J, et al. Thorax 2006



COPD: physical inactivity and survival

Waschki B, et al. Chest 2012



Physical Activity assessment

The excellent compliance with wearing a physical activity monitor
irrespective of study site and consistent associations with relevant disease
characteristics support the use as a valid outcome in multi-center studies

N = 134 COPD (GOLD II-IV, BODE 0-9) and 46 controls

in 3 north european centers
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