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Abstract
Disability in chronic respiratory diseases (CRD) represents the impact of the 
disease on the patient’s life. Chronic airway diseases, included but not limited to 
COPD, are leading this burden.

Overall, the mobility-related dyspnea and the resulting decrease in exercise 
capacity substantially contribute to increased risk of disability, even after taking 
lung function impairment into account. Therefore, non-pharmacological 
interventions such as pulmonary rehabilitation (PR) might be particularly 
beneficial for these symptomatic patients to limit and to counteract the progressive 
loss of physical function and related problems.

In this chapter we will discuss the most recent evidence related to the assess-
ment of individual’s disability in this population, and we will describe the variety 
of methods used in the clinical process of care called PR.

To date, PR results in substantial effectiveness when applied at the very early 
onset of disability in individuals suffering from CRD. Programme composition 
and strategies aimed at behavioural changes in the long-term appear the keys for 
success in the clinical practice.
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11.1  Disability in Chronic Respiratory Disease

11.1.1  The Vicious Cycle of Dyspnea

Disability in chronic respiratory diseases (CRD) is a significant health burden with 
relevant implications both for the individual patient and the society: indeed, it 
represents the real impact of the disease on the patient’s life, with an important 
influence on the society overall work productivity [1]. Chronic obstructive 
pulmonary disease (COPD), among these, accounts for one of the top five causes of 
disability all over the world. Although respiratory impairment contributes to and 
increases the risk of disability, the presence of limitations of the individual’s general 
function and the occurrence of non-respiratory symptoms with the presence of 
comorbid extra-pulmonary conditions have a great impact on disablement as well. 
Table 11.1 shows some of the conditions that may cause or aggravate dyspnea in 
individuals with CRD. The mobility-related dyspnea and the resulting decrease in 
exercise capacity substantially contribute to increased risk of disability, even after 
taking lung function impairment into account [2]. Therefore, the assessment and 
treatment of airway obstruction, as for patients with COPD, are not sufficient to 
prevent and care for the development of individual’s disability.

11.1.2  Peripheral Muscle Weakness as the Hallmark of Disease

Limb muscle dysfunction, defined as the reduction of either strength or endurance 
(or both) [3], is frequent in patients with CRD [2], and in particular in COPD, with 
muscle fibre shift, atrophy and changes in capillarization that are commonly seen in 
their peripheral muscles [4, 5].

Although the extent of muscle atrophy and weakness is greater in advanced dis-
ease, it is important to recognize that muscle dysfunction may even occur at an early 
stage [5, 6]. For instance, symptomatic COPD patients referred to and entering a 

Table 11.1 Causes of dyspnea in patients with chronic respiratory disease

Increased resistive work of breathing from airflow limitation
Increased elastic work of breathing and “pseudo-restriction” from static and dynamic 
hyperinflation
Physical and cardiovascular deconditioning from sedentary
Gas exchange abnormalities: hypoxemia and increased physiologic dead space
Cardiovascular limitations: cardiac or peripheral vascular co-morbidity, leading to early lactate 
production with exercise
Skeletal muscle abnormalities: decreased mass, fibre-type alterations (reduction in type I, 
increase in type IIx), capillarization defect, decreased oxidative enzymes, also leading to early 
lactate production with exercise
Coexisting obesity, increasing workload requirements for a specific task
Anxiety associated with dyspnea-producing activity
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rehabilitation programme have already lost about 30% of their muscle mass and 
strength [7].

The prevalence of peripheral muscle weakness varies (from 20 to 40%) among 
patients, with a typical interindividual heterogeneity, but increases with the severity 
of the respiratory condition.

Furthermore, peripheral muscle weakness is not equally distributed among mus-
cle groups: compared to the lower limbs, the strength of the upper limb muscles 
(although reduced) seems better preserved, especially in COPD [8], probably 
reflecting the heterogeneous distribution of muscle structural abnormalities. The 
annual rate decline in quadriceps strength in patients with COPD is 4.3% per year 
[9], in comparison with 1–2% per year in the elderly people. Although quadriceps 
muscles represent a typical example of a primary locomotor muscle that is underused 
in symptomatic patients who become sedentary, upper limb muscle function is also 
affected, as shown by a reduced handgrip strength during acute care [10].

Thus, muscle strength/weakness represents a clinical hallmark of several CRD 
and drives both individual’s physical activity and functional capacity [11–13]. 
Weakness, in particular, has been associated with relevant negative outcomes such 
as dyspnea burden, exercise intolerance [14], morbidity, mortality [15, 16] and poor 
quality of life [9].

11.2  Assessment of Individual’s Disability

11.2.1  Muscle Function

The assessment of muscle function (strength and endurance) is muscle group spe-
cific. It also varies depending on the measurement technique (isokinetic, isometric 
or isotonic) and the device used, which must be chosen based on their advantages 
and limits as well as on the desired information [16]. Some of the daily life activi-
ties rely on of the isometric contraction (e.g. carrying grocery bags, standing up 
from and sitting down on a chair, pushing and pulling). However, most of the func-
tional activities of daily living may be better assessed by dynamic techniques, i.e. 
isokinetic (fixed speed of movement) and isotonic (fixed resistance applied to the 
muscle during the movement), which provide information on limb muscle function 
throughout the full range of motion at different speeds. Table 11.2 shows an over-
view of the methods used for assessing muscle function, as valid in COPD.

Muscle atrophy is another common manifestation of CRD and in COPD in par-
ticular. Atrophy can be included under the umbrella term of muscle dysfunction 
since the loss of muscle mass may have important implications on strength [7, 14, 
17] and exercise tolerance [18–20]. Muscle atrophy is the main cause of weight loss 
in COPD patients [18] independently on the degree of airway obstruction [21], and 
it is a predictor of health status [22] and survival [23].

Several techniques are available to assess the mass of peripheral muscles [4]: 
anthropometry (mid-arm muscle circumference), bioelectric impedance analysis 
(BIA), dual-energy X-ray absorptiometry (DXA) as well as more advanced imaging 
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technologies like computed tomography (CT) and nuclear magnetic resonance 
(NMR). Two common methods to estimate muscle mass in clinical practice are BIA 
and DXA.  BIA is a valid, non-invasive, inexpensive, quick and easy to perform 
technique that, like DXA, requires no active collaboration from the patient. Like 
most body composition methods (included DXA), BIA does not directly measure 
muscle mass but provides indirect estimates of fat-free mass (as a proxy of muscle 
mass) from the measurement of resistance of body tissues to an electric current 
passing through the body. Alternatively, directly measured raw BIA variables, such 
as phase angle, have been demonstrated to relate to muscle function, disease severity 
and prognosis in COPD patients better than fat-free mass estimates [24–27]. DXA 
is another valid, reliable, safe and non-invasive technique for assessment of muscle 
mass. It is based on the comparison of X-ray attenuations of two different energies 
measuring body composition with a higher degree of accuracy [28]. It is however 
more expensive and often less easily accessible than BIA in clinical settings [25].

11.2.2  Symptoms

As part of a comprehensive assessment of individual disability, quantifying symp-
toms (dyspnea and fatigue) through specific tools is crucial in order to describe the 
level of chronic disability and to retest changes following interventions (i.e. reha-
bilitation). Currently, a number of scales are available to classify symptoms, but the 
most widely used ones are the Modified British Medical Research Council (mMRC) 
and the Borg scale. The former is a simple measure of breathlessness, as the person 
perceives it. It ranges from 0 (“I only get breathless with strenuous exercise”) to 4 
(“I am too breathless to leave the house, or I am breathless when dressing”), and it 
is considered adequate for assessment of symptoms since it correlates well with 
health status [29] and mortality risk [30]. The latter measures the perception of 
symptoms (dyspnea or fatigue) during physical activity [31].

In addition to these “categorical”, different scales (e.g. visual analogue scale, VAS) 
where the determination of the severity of dyspnea is of an analogical type can be used 
[32]. Finally, as part of the individual’s overall health status, symptoms can be mea-
sured by generic or disease-specific questionnaires, such as the Chronic Respiratory 
Questionnaire (CRQ), the St. George Respiratory Questionnaire (SGRQ), the COPD 
Assessment Test (CAT) and the COPD Control Questionnaire (CCQ).

11.2.3  Exercise Capacity

Assessment of exercise capacity in patients with CRD can be obtained with a num-
ber of different methods that essentially can be divided into field or laboratory tests 
[33].

Field tests, such as the timed walk tests, are the most popular ones, because they 
are easy to perform and related to the individual’s daily functional activities. On the 

F. de Blasio et al.
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other hand, they are performed at submaximal capacity and are not able to provide 
physiologic information about those complex mechanisms that may limit exercise 
on an individual basis.

Laboratory tests to physiologically assess the cardiopulmonary adaptation to 
exercise include the incremental (iCPET) and constant (cCPET) work rate 
cardiopulmonary exercise tests [34].

Cardiopulmonary exercise testing (CPET)—CPET represents the gold stan-
dard for exercise performance assessment [34]. Indeed, continuous displacement 
of cardiovascular, respiratory and haematological parameters as well as the indi-
vidual’s perception (symptoms) during exercise provides information about the 
physiological reserve, systems’ interaction and mechanisms of limitation to exer-
cise. In particular, the typical iCPET provides continuous data on the ventilatory 
adaptation (e.g. tidal volume (VT) and minute ventilation (VE)), respiratory gas 
exchange (e.g. oxygen saturation (SatO2), oxygen uptake (VO2) and carbon diox-
ide output (VCO2)), cardiovascular response (e.g. cardiac frequency (HR), blood 
pressure (BP) and cardiac rhythm) and symptom response (e.g. perceived dyspnea 
and/or leg fatigue reported by a numeric or visual analogue scale). Given these 
characteristics, CPET enables accurate determination of the physiologic reserves 
of the heart and lungs as well as functional capacity [35, 36], and it is a test there-
fore used both to assess the individual’s normality and to look for cardiopulmo-
nary limitations. Notwithstanding, although its use is becoming more widespread, 
CPET still remains largely underutilized in the general practice due to costs for 
the appropriate setting and apparatus, as well as for complexity and limited prac-
ticability in the more severe diseases. An example of CPET laboratory setting is 
shown in Fig. 11.1.

Submaximal field tests and physical functioning–Standard submaximal exercise 
tests to estimate maximal oxygen uptake (as described in the American College of 
Sports Medicine’s Guidelines for Exercise Testing and Prescription) [37] are based 
on the primary assumption that the maximal heart rate of the individual undergoing 
this test is similar to a predicted maximal heart rate based on a formula such as “220 
minus age”. Such formulae may be applied with caution to healthy individuals as 
long as one is aware of the significant interindividual variability (SD = 10–12 beats/
min) of his/her maximal heart rate. However, many studies that measured maximal 
aerobic capacity of persons with a variety of medical conditions such as 
cardiovascular, metabolic, neurologic or neuromuscular disease found significantly 
lower maximal heart rates in these patient populations.

Compared with maximal exercise testing, submaximal exercise testing appears 
to have greater applicability to the “world” of healthcare practitioners (physicians, 
physical therapists, nurses) in their role as clinical exercise specialists. Therefore, 
these tests are usually the preferred choice for the majority of individuals suffering 
from CRD that are likely to be limited by dyspnea and/or fatigue or also present 
abnormal gait and impaired balance.

There are several submaximal tests validated for the clinical practice as described 
in Table 11.3.

11 Pulmonary Rehabilitation
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In the clinical practice, however, 6-min walk distance (6 MWD), shuttle walk 
(SW), timed up and go (TUG) and sit to stand (STS) are those more frequently used 
in patients suffering from CRD. Therefore, we briefly describe each of these four as 
follows:

 – The 6 MWT is the easiest test that requires a 100  ft. hallway. It measures the 
distance that a patient can quickly walk on a flat, hard surface in a period of 
6 min (the 6 MWD) [38]. Before the test starts, the patient should sit at rest in a 
chair, located near the starting position, for at least 10 min. During this time, 
pulse and blood pressure will be measured, and patient’s baseline dyspnea and 
overall fatigue will be recorded using the Borg scale [39]. Patient will be 
instructed to walk back and forth in the hallway for 6 min. At the end of the test, 
post-walk Borg dyspnea and fatigue levels will be recorded again.

Fig. 11.1 Example of a cardiopulmonary exercise testing in a laboratory setting

F. de Blasio et al.



161

Ta
bl

e 
11

.3
 

Su
bm

ax
im

al
 e

xe
rc

is
e 

ca
pa

ci
ty

 a
ss

es
sm

en
t t

es
ts

Te
st

s
A

im
s

A
dm

in
is

tr
at

io
n

M
ai

n 
ou

tc
om

es
A

dv
an

ta
ge

s
L

im
ita

tio
ns

C
on

st
an

t-
ra

te
 

ca
rd

io
pu

lm
on

ar
y 

te
st

E
nd

ur
an

ce
 

ca
rd

io
re

sp
ir

at
or

y 
ex

er
ci

se
 c

ap
ac

ity

C
on

st
an

t w
or

k 
ra

te
 

pr
op

or
tio

na
l t

o 
pe

ak
 

ex
er

ci
se

 c
ap

ac
ity

 (
e.

g.
 

60
%

 o
f 

pe
ak

 w
or

k 
ra

te
),

 u
nt

il 
ex

ha
us

tio
nt

re
ad

m
ill

 o
r 

bi
cy

cl
e

T
im

e 
un

til
 

ex
ha

us
tio

nc
ar

di
or

es
pi

ra
to

ry
 

fu
nc

tio
n 

va
ri

ab
le

s

G
re

at
er

 s
en

si
tiv

ity
 to

 id
en

tif
y 

ch
an

ge
s 

af
te

r 
in

te
rv

en
tio

nc
ar

di
op

ul
m

on
ar

y 
fu

nc
tio

n 
di

ag
no

st
ic

ca
rd

io
va

sc
ul

ar
 r

is
k 

as
se

ss
m

en
t

R
eq

ui
re

s 
a 

pr
ev

io
us

 
m

ax
im

al
 te

st
 

eq
ui

pm
en

t a
nd

 
ce

rt
ifi

ed
 p

er
so

nn
el

- 
re

la
te

d 
co

st
s

6-
m

in
 w

al
k 

te
st

Fu
nc

tio
na

l 
ex

er
ci

se
 c

ap
ac

ity
W

al
ki

ng
 b

ac
k 

an
d 

fo
rt

h 
on

 a
 3

0 
m

 
co

ur
se

se
lf

-p
ac

ed
 s

pe
ed

To
ta

l d
is

ta
nc

e 
w

al
ke

d 
in

 
6 

m
in

R
el

ia
bi

lit
y 

an
d 

va
lid

ity
lo

w
 

co
m

pl
ex

ity
 a

nd
 c

os
tg

oo
d 

co
rr

el
at

io
n 

w
ith

 a
ct

iv
iti

es
 o

f 
da

ily
 li

vi
ng

D
oe

s 
no

t p
ro

vi
de

 
ca

rd
io

pu
lm

on
ar

y 
di

ag
no

si
sn

o 
de

ta
ile

d 
in

fo
rm

at
io

n 
on

 
ph

ys
io

lo
gi

ca
l 

va
ri

ab
le

s 
(V
˙O

2, 
V
˙E

) 
an

d 
ex

er
ci

se
 li

m
ita

tio
n 

m
ec

ha
ni

sm
s 

m
ay

 
re

qu
ir

e 
a 

pr
ev

io
us

 
fa

m
ili

ar
iz

at
io

n 
te

st
In

cr
em

en
ta

l 
sh

ut
tle

 w
al

k 
te

st
Fu

nc
tio

na
l 

ex
er

ci
se

 c
ap

ac
ity

W
al

ki
ng

 b
ac

k 
an

d 
fo

rt
h 

on
 a

 1
0 

m
 c

ou
rs

e 
w

ith
 p

ac
ed

 in
cr

em
en

ts
 

of
 w

al
ki

ng
 s

pe
ed

, u
nt

il 
in

ab
ili

ty
 to

 k
ee

p 
th

e 
pa

ce

To
ta

l d
is

ta
nc

e 
w

al
ke

d 
un

til
 

ex
ha

us
tio

n
Fa

st
 to

 p
re

pa
re

 a
nd

 
pe

rf
or

m
go

od
 c

or
re

la
tio

n 
w

ith
 

V
˙O

2 
m

ax
 in

 C
PE

T
lo

w
 c

os
t

H
ig

he
r 

ri
sk

 o
f 

ca
rd

io
va

sc
ul

ar
 

ev
en

ts
le

ss
 w

id
es

pr
ea

d 
us

es
ub

je
ct

 to
 p

at
ie

nt
 

m
ot

iv
at

io
n

E
nd

ur
an

ce
 

sh
ut

tle
 w

al
k 

te
st

E
nd

ur
an

ce
 

fu
nc

tio
na

l 
ex

er
ci

se
 c

ap
ac

ity

W
al

ki
ng

 b
ac

k 
an

d 
fo

rt
h 

on
 a

 1
0 

m
 c

ou
rs

e 
w

ith
 fi

xe
d 

pa
ce

d 
of

 
w

al
ki

ng
 s

pe
ed

, u
nt

il 
in

ab
ili

ty
 to

 k
ee

p 
th

e 
pa

ce

T
im

e 
un

til
 e

xh
au

st
io

n
G

oo
d 

co
rr

el
at

io
n 

w
ith

 C
PE

T
 

ca
rd

io
re

sp
ir

at
or

y 
re

sp
on

se
re

lia
bi

lit
y,

 v
al

id
ity

, 
re

sp
on

si
ve

ne
ss

lo
w

 c
om

pl
ex

ity
 

an
d 

co
st

R
eq

ui
re

s 
a 

pr
ev

io
us

 
in

cr
em

en
ta

l s
hu

ttl
e 

te
st

sa
m

e 
as

 
in

cr
em

en
ta

l s
hu

ttl
e 

te
st

11 Pulmonary Rehabilitation



162

 – The SW test is similar to the 6MWT, but it uses a series of audio signals to direct 
the walking pace [40, 41]. During this test, patients will be asked to walk between 
two cones spaced 10 m apart. Patients will start by walking at a very slow pace; 
this pace is set by a beep. Patients will walk around the 10 m course and will turn 
around a cone at the first beep and around the second cone at the next beep. The 
beeps will gradually get faster, which means patients will start to walk at a 
quicker pace, getting faster until he/she cannot keep up with the set pace, or until 
he/she is too tired or too breathless to continue.

 – The TUG test is performed using a standard chair (height of the seat being 
45 cm). Subjects are seated with their back supported against the chair. They are 
instructed to stand up, walk 3 m to a mark on the floor, cross the mark, turn 
around, walk back to the chair and sit down. The task needs to be performed at 
their normal comfortable pace. A stopwatch is started on the word “go” and 
stopped as the subject sit down; the time recorded in seconds represents the 
outcome value. Applicability and repeatability of this test in patients with COPD 
have been recently reported [42].

 – The STS requires participants to stand up from and to sit down on a slightly pad-
ded armless chair as quickly as possible consecutively for five times. Patients 
fold their arms across their chests and are instructed to stand up completely while 
making firm contact when sitting. Timing count begins on the command “go” 
and ceases when the participants sit at the end of the fifth elevation up to the 
standing position. Subjects are allowed a practice trial of two repetitions before 
the recorded series of two consecutive trials of five repetitions. The faster of the 
two trials is then used for evaluation [43].

11.3  Rehabilitation as Process of Care

Pulmonary rehabilitation (PR) is defined as “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 behaviour 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 
behaviours” [44]. The two mainstays of PR are exercise training and education, 
followed by psychosocial support and nutritional counselling [44]. We briefly 
summarise in the following subparagraphs the main contents of each component in 
a structured programme of PR at which patients with CRD are commonly referred. 
Indeed, although literature developed around the impact of PR in the “COPD 
model”, other patients suffering from respiratory disorders including asthma, cystic 
fibrosis and bronchiectasis, interstitial lung diseases and neuromuscular disorders 
involving the respiratory system are likely to potentially benefit from a rehabilitation 
course [45].
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11.3.1  Exercise Training

Exercise training is the cornerstone of effective PR and may include several activi-
ties, such as endurance exercise training, interval exercise training, walking exer-
cise, Nordic walking [46, 47], resistance training, aquatic exercise, classroom 
callisthenics and Tai Chi [48]. Although it does not change pulmonary function, 
exercise training improves capacity and reduces dyspnea. In order to achieve 
clinically relevant results, training should be strictly supervised and performed 
properly and for appropriate duration and frequency. Table 11.4 shows the main 
body sites for application of training and modalities on how to deliver exercise 
targeted at therapy in respiratory patients.

High-intensity exercise is more commonly employed in PR. However, patients 
may not be able to sustain high intensities for long time. In these cases, adherence 
with high-intensity training schedules may be difficult. As an alternative, low- 
intensity training, such as classroom callisthenics, may occasionally be considered. 
Furthermore, training duration and intensities vary among patients [49, 50] 
depending on specific deficits and individual requirements. In parallel with exercise 
training, improved self-efficacy resulting from education, psychosocial support and 
nutritional counselling (in patients with nutritional abnormalities) may lead to better 
long-term adherence to the training prescriptions.

Aerobic training—Aerobic training is the key component of exercise training in 
patients with COPD, in particular [44]. It can be performed on a cycle ergometer 
and/or a stationary treadmill (most frequently) but also by means of stair climbing, 
stepping, free walking, Nordic walking and/or swimming. In order to optimize the 
performance of activities of daily living [51], upper limb aerobic training can also 
be prescribed. High-intensity endurance-based exercise (exercise tests >10 min) is 

Table 11.4 Body sites and modalities on how to deliver exercise training along PR course

Body sites Type Intensity
Duration of the 
training

Length of the 
programme

Lower limbs Endurance 70–90% of the max 
HR or VO2

20–45 min 3–5 times/week up 
to 8 weeks

Strength 50–80% fraction of 
max weight lifted

8–10 rep up to 
3 series

3 times/week up to 
8 weeks

Upper limbs Endurance 70–90% of the max 
HR or VO2

20–45 min 3–5 times/week up 
to 8 weeks

Strength 50–80% fraction of 
max weight lifted

8–10 rep up to 
3 series

3 times/week up to 
8 weeks

Respiratory 
muscles

Strength 15–60% of MIP or 
MEP

1 h 3–6 times/week up 
to 3 months

HR heart rate, VO2 oxygen uptake, MIP maximal inspiratory pressure, MEP maximal expiratory 
pressure
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the main aerobic training method. Specifically, high-intensity interval training 
appears to be practicable even in patients with a severe respiratory disease, resulting 
in similar improvements of 6-min walking distance and health-related quality of life 
compared to traditional endurance training [52–54].

Resistance training—Resistance training is based on repetitive lifting of rela-
tively high loads. Compared to aerobic training, resistance training produces lower 
cardiorespiratory responses and less dyspnea, which is highly desirable in patients 
with more severe CRD [55]. One to 3 sets of 812 repetitions should be performed 
on 2 to 3 days per week in order to reach the best results in terms of muscle strength 
[56]. The main results of an adequate (60–70% of one-repetition maximum [57]) 
high-intensity resistance training are the increased muscle mass and muscle strength, 
paralleled by an increased submaximal exercise tolerance [58].

Combined training and additional means of increasing exercise capacity—If 
on one hand aerobic training improves skeletal muscle strength and resistance 
training improves aerobic exercise tolerance, evidences suggest that the best 
results are reached by combining aerobic and resistance training together [59] and 
by challenging both the cardiorespiratory fitness and the muscular strength 
capacity.

Recent research has focused on interventions that can be used as an adjunct to 
exercise training in PR, especially in patients with more severe CRD and dis-
abling breathlessness. Among these interventions, the use of supplemental oxy-
gen and ventilator support during training was tested in COPD patients and 
resulted in greater improvement of exercise tolerance [60] and dyspnea [61, 62]. 
Probably these improvements are related to the reduction in the high inspiratory 
muscle load secondary to the effects of hyperinflation. Furthermore, a recent 
paper studied the effects of helium and oxygen (Heliox) mixtures on exercise 
capacity in severe COPD [63]. The rationale of using Heliox to reduce breathless-
ness is based on the principle that nitrogen in inspired air is substituted with 
helium at a lower density, which reduces resistance in the airway, improving ven-
tilation and gas exchange.

11.3.2  Education

Education is another key component of pulmonary rehabilitation. It has gradually 
evolved from a didactic approach to the promotion of behaviour changes and 
collaborative self-management [64]. Examples of positive behaviour changes 
include higher adherence to medication, increased physical activity, better nutritional 
habits, breathing regulation techniques and applying energy-saving strategies during 
activities of daily living [65]. These strategies promote the self-efficacy in managing 
health through increasing the patients’ knowledge and stimulating patients to 
participate with healthcare professionals in better managing their illness [66]. In 
Table  11.5, the main topics concerning educational component of pulmonary 
rehabilitation are displayed.
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11.3.3  Psychological Support

Together with education, psychological support is an integral part of PR pro-
grammes. Indeed, the incidence of depression in patients with CRD is more than 
twice higher compared with the general population [67]. PR programmes including 
psychological interventions improve the mood disorders more than those consisting 
of exercise training only [68]. Psychological support may be of benefit to those 
patients presenting with symptoms of anxiety and depression, helping them to bet-
ter understand the psychological modifications that may occur in CRD [69, 70] and 
to encourage active participation in healthcare. Furthermore, psychologists are the 
best healthcare providers who can also discuss smoking cessation strategies within 
the course of PR and with the goal to optimise benefits.

Supervised exercise combined with stress management education and psycho-
therapy in PR may offer management strategies for patients with anxiety and depres-
sion [71] and may induce reduction in dyspnea sensation [72], probably due to the 
social interaction and distraction from negative perceptions that occur during exer-
cise within a group of patients who have the same condition.

11.3.4  Nutritional Counselling

Nutritional counselling has a pivotal role in the PR programme for people with CRD 
and consists of teaching patients about how to plan and follow a healthy diet. Indeed, 
weight loss and body composition abnormalities are prevalent in CRD and can 
indirectly affect disease severity and prognosis (hospitalization and mortality) [73]. 
Furthermore, being undernourished in COPD is likely to be associated with longer 
in-patient hospital stays [74], a higher risk of being readmitted [75] and an increase 

Table 11.5 Educational 
component of pulmonary 
rehabilitation: topics

• Normal pulmonary anatomy and physiology.
• Pathophysiology of chronic respiratory disease.
• Communicating with the healthcare provider.
• Interpretation of medical testing.
• Breathing strategies.
• Secretion clearance techniques.
•  Role and rationale for medications, including oxygen 

therapy.
• Effective use of respiratory devices.
• Benefits of exercise and physical activities.
• Energy conservation during activities of daily living.
• Healthy food intake
• Irritant avoidance.
• Early recognition and treatment of exacerbations.
• Leisure activities.
• Coping with chronic lung disease.
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in healthcare utilisation [76] in comparison with normally nourished individuals. 
Patients who are overweight will get advice about planning a diet that will help 
them to lose weight; underweight patients will receive advice about foods that can 
help them to gain weight. However, more cost-effectiveness studies about nutritional 
counselling and supplementation are still needed to support decision-making and to 
tackle with organisational problems, such as dealing with reimbursement for these 
interventions in CRD.

11.3.5  Tips and Pitfalls

Timing—Although most PR programmes enrol patients with moderate to severe 
CRD [77], recent studies suggest that patients with less severe degree of airflow 
limitation also benefit from PR programmes in terms of several outcomes. In fact, 
low physical activity, problems during the activities of daily living, exertional 
dyspnea, lower limb muscle weakness, osteoporosis, anxiety and depression may 
also occur in mild to moderate disease [5, 44]. Furthermore, by improving exercise 
tolerance and body composition and promoting self-efficacy and behaviour change, 
PR at an earlier stage of disease has the potential to significantly modify the course 
of the illness. Hence, irrespective of the degree of lung function impairment, the 
correct timing of PR should be rather set on the individual’s clinical status and 
disability [44]. Therefore, early intervention and physiotherapy following clinical 
deterioration and/or at the very early onset of symptoms may provide substantial 
benefit even in these patients.

Maintenance of benefits—Without any maintenance strategy, benefits of PR tend 
to diminish over 6–12 months with particular regard to the physical performance. 
This is probably due to a decrease in adherence to regular exercise [78, 79] as well 
as a worsening of main disease and the clinical impact of related comorbidities [80]. 
Studies have examined the effects of maintenance strategies (i.e. weekly or monthly 
follow-up session) after PR with equivocal results about improvements in exercise 
tolerance/capacity and health-related quality of life [81, 82]. On the other hand, 
behaviour change, incorporating self-efficacy and self-management techniques, 
seems to be the most effective strategy for optimization and long-term maintenance 
of any achieved health benefit [44].

Adherence to exercise and physical activity—Monthly phone calls accompanied 
by a formal home programme have been shown to encourage long-term adherence 
to exercise, not only leading to improved walked distance and perceived health- 
related quality of life but also reducing lung function decline, in patients with mod-
erate COPD after a 3-week outpatient rehabilitation [82].

Qualitative data provide further opportunities for additional peer support in 
patients who have completed PR, through group activities with other individuals 
who have similar needs and experience, including drop-in centres and exercise 
classes [81]. This “voluntary and mutually supportive, people like us” approach 
may be a valid and important alternative to regular phone calls from staff and 
appointments with therapists and physicians.
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11.4  Conclusions

Pulmonary rehabilitation is a recognized and effective clinical process providing 
specific benefits to symptomatic patients with CRD, in particular those suffering 
from COPD.  It appears essential to recognize the most appropriate programme 
content and setting to be delivered on an individual basis following patient’s 
selection and referral.

To date, it is important to recognize that this therapeutic but non-pharmacologi-
cal approach results in substantial effectiveness when applied at the very early onset 
of disability following CRD, such as during acute exacerbation of the disease [83]. 
Behavioural changes (i.e. improvement in long-lasting physical activity, in 
particular) remains a true challenge to target in the whole population of patients 
with CRD with the final scope to prompt interventions and limit their disability 
which is more and more problematic with the increasing complexity of the 
underlying diseases.

Notwithstanding, other perspectives are still to come in the field of PR and 
should be subjected to special attention from both the professionals and the 
stakeholders involved. Indeed, despite the evidence, there is actual low applicability, 
access and homogeneity of programmes across different countries [84]. Furthermore, 
barriers for patients should be better focused and overcome; in this light, e-health 
and new technologies might be helpful to achieve this goal.
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