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ABSTRACT

Interstitial lung disease (ILD) is a disabling group of chronic lung conditions comprising over 200 different disease entities that
are typically associated with interstitial inflammation and fibrosis. People with ILD almost invariably experience dyspnea,
fatigue, anxiety, depression, cough, poor health-related quality of life, and reduced exercise tolerance. Pulmonary rehabilitation
(PR) is a comprehensive intervention that includes exercise training as a core and essential component and that aims to improve
exercise tolerance and exertional symptoms in people with chronic lung disease. PR is a cornerstone of care for people with
chronic obstructive pulmonary disease, where its role and benefits have been well defined. PR offers increasing promise as an
equally effective therapy for people with ILD. This review discusses the evidence of PR for ILD, outlines the current exercise
training approach for people with ILD, and discusses important areas for future research. Journal of Clinical Exercise Physiol-
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INTRODUCTION

The interstitial lung diseases (ILDs) are a debilitating group
of chronic lung conditions that are typically characterized by
interstitial inflammation and irreversible lung parenchymal
fibrosis (1). People with ILD often present with exertional
dyspnea and hypoxemia, exercise intolerance, global fatigue,
cough, and depression and/or anxiety, significantly reducing
health-related quality of life (HRQoL) (2—4). Two effective
antifibrotic therapies have been shown to attenuate disease
progression in idiopathic pulmonary fibrosis (IPF), the most
debilitating ILD; however, there is limited evidence to sug-
gest these treatments can provide convincing benefits for
exercise tolerance, HRQoL, or symptoms. Pulmonary reha-
bilitation (PR) is a promising therapeutic intervention that
may effectively address the physical deficits and symptom
burden in ILD. There is increasing evidence to suggest PR
should be an indispensable factor in the management of ILD.

PR includes detailed patient assessment, followed by partici-
pation in a supervised exercise training program, a key and
essential component, with education and a goal to effect
health behavior change (5). The aim of this review article is
to present the current best practice approach for PR in ILD
and highlight various areas for future investigation.

ILD OVERVIEW

The ILDs represents a diverse, complex, and large group of
inflammatory and fibrotic lung conditions (Figure 1) that
overlap in their clinical presentations and patterns of lung
injury (1). A large number of ILDs, termed idiopathic inter-
stitial pneumonias, have no identifiable cause and include
IPF, the most destructive of all ILDs (6). Alternatively, ILD
can occur because of occupational or environmental expo-
sures, as in asbestosis or silicosis; as a result of drug-induced
lung toxicity (7); or as a result of an aberrant immunological
response to the repeated inhalation of organic allergens, as in
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hypersensitivity pneumonitis (8). The ILDs are also associ-
ated with various connective tissue disorders (CTDs) such as
rheumatoid arthritis (RA), Sjogren syndrome, polymyositis/
dermatomyositis, and systemic lupus erythematosus (9), and
primary diseases and underlying genetic disorders, such as
sarcoidosis or lymphangioleiomyomatosis (1,9).

A more recent approach in categorizing ILDs has
involved combining those that develop a progressive fibros-
ing phenotype (1). These patients with fibrotic ILD often
have worse impairment and a poorer prognosis. Idiopathic
pulmonary fibrosis (IPF) is the most common and prototypi-
cal form of chronic progressive fibrotic lung disease. As few
as 20% to 30% of people with IPF survive 5 years following

diagnosis, a prognosis worse than most malignancies (10).
The extent and rate of progression of IPF is heterogeneous
and often unpredictable. Patients can experience long stages
of stability with slow gradual decline; others can experience
rapid dramatic progression whilst others can succumb to
acute exacerbation (6). Other fibrotic ILDs that can have
clinical, radiological, and histological features similar to IPF
can include idiopathic nonspecific interstitial pneumonia,
unclassifiable idiopathic interstitial pneumonia, CTD-ILD
(primarily RA-ILD), chronic hypersensitivity pneumonitis,
and asbestosis and silicosis (1,9). There is no consensus as to
how disease progression should be defined in patients with
ILD; typical features include acute deteriorations in
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CTD = connective tissue disease.
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respiratory function, acute exacerbations, evidence of new
abnormalities on imaging, decrease in exercise tolerance,
worsening of cough, breathlessness and fatigue, increase in
hypoxemia, and the initiation of oxygen therapy (1,11).

People with ILD also typically present with a range of
comorbidities, further complicating the disease and further
negatively impacting patient outcomes and HRQoL (12).
Pulmonary hypertension is a frequent complication leading
to greater respiratory and functional impairments (13,14).
With advancing disease, severe hypoxemia may develop,
especially in those with IPF and other fibrotic ILDs, contrib-
uting to the development or worsening of pulmonary hyper-
tension and leading to dependence on supplemental oxygen
(13). The combination of pulmonary fibrosis and emphy-
sema may occur in up to 10% of patients. These individuals
are associated with more severe disease and an increased
risk of lung cancer and poor prognosis (12). Gastroesopha-
geal reflux disease is highly prevalent, especially in IPF, and
may contribute to the pathogenesis and progression of fibro-
sis (12,14). There is increased incidence of coronary artery
disease, cardiac muscle abnormalities, and lung cancer in
IPF, CTD-related ILDs, and exposure-related ILDs (12,14).
Anxiety and depression are also common, leading to an
overall increase in disease burden (12,15). Systemic mani-
festations including arthropathy, myopathy, and vasculopa-
thy may also exist as a result of underlying CTD (16).

Regardless of etiology, the contribution of comorbidi-
ties or the extent of disease, exertional dyspnea, overwhelm-
ing fatigue, and poor exercise tolerance are almost invariably
present in people with ILD. These symptoms are often
debilitating and progressively worsen over time, particularly
in IPF and other fibrotic ILDs (2,17). However, treatment
options for ILD are limited. Lung transplant is a potentially
curative option for a minority of patients with advanced
ILD, although medical complications and mortality risk are
high (18). Two effective antifibrotic therapies that have been
shown to slow disease progression are approved for treat-
ment in IPF; however, they are not recommended for other
types of ILD (19). There is also limited evidence to suggest
these treatments can provide convincing benefits for exer-
cise tolerance, HRQoL, or symptoms. Therefore, therapeutic
interventions such as PR that can lead to improvement in
exercise capacity and HRQoL should play an important role
in the management of ILD.

EXERCISE LIMITATION: UNDERLYING
MECHANISMS AND IMPACT

Impaired exercise tolerance is a well-known, prominent
feature of ILD. The contributory mechanisms of exercise
limitation are multifactorial (Figure 2); however, the 2 key
pathophysiological factors are circulatory dysfunction and
gas exchange impairment. Circulatory impairment was
found to be the predominant factor limiting exercise in
patients with ILD of varying etiology including CTD-ILD,
idiopathic interstitial pneumonia, sarcoidosis, systemic scle-
rosis, and pneumoconiosis (3,20-22). The principal source
of circulatory dysfunction appears to be pulmonary

hypertension, as a result of pulmonary vascular destruction
and hypoxic pulmonary vasoconstriction (3,21,23) resulting
in inadequate pulmonary, and therefore systemic, blood
flow. Other factors can include impaired heart rate, systolic
or diastolic ventricular dysfunction, myocardial conduction
defects, or arrhythmias (3,20).

Gas exchange impairment is another major factor limit-
ing exercise performance in ILD. Gas exchange impairment
is manifested by reduced diffusing capacity and ventilation
perfusion mismatch as a result of thickening of the alveolar
capillary membrane and pulmonary capillary bed destruc-
tion (24). Reduced diffusing capacity and ventilation perfu-
sion mismatch are the primary cause of arterial hypoxemia
in ILD at rest and during exercise (3,20,24). These derange-
ments are likely to impair cardiac output resulting in
impaired oxygen delivery, inadequate muscle oxygenation,
and reduced oxidative metabolism, thereby impairing mus-
cle function and compromising exercise performance
(20,25). Altered respiratory mechanics such as reduced vital
capacity, total lung capacity, functional residual capacity,
tidal volume, and lung compliance, and increased lung elas-
tic recoil is common in people with ILD. Consequently,
people with ILD adopt a rapid and shallow breathing pattern
in order to maintain ventilation. This increased work of
breathing becomes more pronounced during exercise
(3,20,22). These altered respiratory mechanics, however,
exert a smaller influence on exercise limitation in patients
with ILD compared with circulatory and gas exchange
impairments (3).

The extent of exercise-induced desaturation in ILD cor-
relates with the extent of parenchymal abnormality on imag-
ing (3,20), suggesting those with greater degrees of intersti-
tial fibrosis, such as is seen in IPF and other fibrotic ILDs,
have greater derangement in gas exchange on exertion
(20,22). Similarly, the degree of circulatory dysfunction is
correlated with severity of disease as evidenced by greater
diffusion limitation, more severe arterial hypoxemia, and
increased dead space ventilation. The extent of exercise
limitation is also likely to increase in proportion with the
severity of pulmonary hypertension (20). Therefore, as dis-
ease progresses and fibrosis develops, particular those with a
fibrosing phenotype, there is a progressive deterioration in
lung function, a tendency to experience more severe diffu-
sion limitation at rest, greater exercise-induced oxyhemo-
globin desaturation, and an increase in pulmonary hyperten-
sion (1,3,11,24), consequently leading to greater limitation
with exercise.

Skeletal muscle dysfunction is another important con-
tributor to exercise limitation in ILD. Quadriceps strength is
reduced in ILD and is an independent predictor of reduced
exercise capacity (26). The exact cause of skeletal muscle
dysfunction is unclear, although several factors may involve
malnutrition (27), inflammatory and oxidative stress (27),
physical deconditioning due to inactivity and disuse (28),
and corticosteroid-induced myopathies resulting in proximal
muscle weakness (29). In addition, the frequent occurrence
of hypoxemia during exercise often seen in ILD may lead to
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FIGURE 2. Exercise limitation in interstitial lung disease. CTD = connective tissue disease.

adaptive changes in the muscle such as worse quadriceps
endurance (30), muscle fiber type redistribution and altera-
tion (31), and enhanced muscle oxidative stress (30) similar
to those seen in chronic obstructive pulmonary disease
(COPD). The prominent clinical manifestations of proximal
skeletal muscle weakness and pain, joint pain, stiffness and
swelling, and skeletal muscle vasculopathy seen in CTD-
ILD and sarcoidosis may also substantially alter skeletal
muscle function.

Irrespective of exact causal mechanisms of impaired
exercise tolerance in ILD, this cardinal feature of ILD signifi-
cantly impacts a patient’s HRQoL (3). People with ILD are
able to do less physically, limiting their participation in social,
recreational, and general activities of daily living, leading to
adverse effects on independence, autonomy, and HRQoL.
Therefore, interventions such as PR that can positively impact
exercise tolerance and in turn assist to improve functional
status, reduce the clinical symptoms of fatigue and dyspnea,
and restore HRQoL are paramount in this population.

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 train-
ing, 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” (5). The primary
goals of PR are to restore the patient to the highest possible
level of independent functioning in the face of chronic lung
disease and to facilitate improved self-management (5).
Although PR can involve a range of interventions, exercise
training is a fundamental component and in some instances
is a stand-alone element (5).

PR is a cornerstone of care for people with COPD.
There is an enormous amount of evidence highlighting the
success of PR in improving exercise capacity, HRQoL, and
symptoms in COPD. This benefit for PR in COPD is indis-
putable, so much so that the Cochrane review of PR in
COPD states that additional randomized controlled trials
(RCTs) comparing PR and conventional care in COPD are
not warranted (32,33). Individuals with ILD often present
with similar symptoms to those seen in COPD, despite dif-
ferences in underlying pathophysiology, such as dyspnea,
fatigue, reduced exercise tolerance, anxiety, depression, and
poor HRQoL (34). Given these similarities, and that a lot of
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these issues have been shown to be modifiable in COPD, it
is reasonable to expect PR is equally effective in ILD.

EVIDENCE FOR PR FOR ILD

In 2008, 2 RCTs of PR in ILD (35,36) provided the first
robust scientific evidence that exercise training induces posi-
tive changes in exercise tolerance and symptoms. Since
then, there has been an encouraging increase in the number,
size, and quality of RCTs in ILD. In 2014, a Cochrane review
identified 9 RCTs that evaluated the benefit of PR in ILD
(37). The meta-analysis, which included 5 of the RCTs,
found that PR significantly improved functional capacity,
peak exercise capacity, HRQoL, and dyspnea. There have
been a further 6 more published RCTs of PR in ILD (38-43),
2 of which were included in abstract form only in the
Cochrane review (42,43). All 6 RCTs conferred clinically
significant benefits in functional capacity and HRQoL. In
addition, the improvements in functional capacity following
PR, measured by 6-min walk test distance (6MWD),
exceeded the minimal important difference (MID) (44) in 6
out of the 9 RCTs of PR in ILD (Figure 3). A similar response
was seen for HRQoL (Figure 4), measured by the St.
George’s Respiratory Questionnaire (SGRQ) total score,
with 5 out of 8 RCTs of PR in ILD reporting an improvement
that exceeded the MID (45). This suggests that the benefits
achieved from PR are clinically important and meaningful to
the patients. PR may also impact other important symptoms
in ILD. Significant improvements were also seen in peak
exercise capacity (35,39,41,43), endurance time (39),
strength (42), fatigue (41), and anxiety (41). This strongly
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indicates that PR should be part of the standard of care in
ILD, just as it has become in COPD.

OPTIMAL TIMING AND PATIENT SELECTION

The ILDs are a complex group of lung disorders that can
exhibit substantial variability in disease behavior and pro-
gression both between and within subtypes. This led to
uncertainty as to whether exercise training would be effec-
tive across different etiologies and severities of disease, in
particular those with IPF or progressive disease (46,47). The
Cochrane systematic review of PR in ILD found that signifi-
cant improvements in 6MWD following PR were compara-
ble in people with ILD and in those with IPF (37). In addi-
tion, both groups exceeded the MID for 6MWD for people
with ILD, suggesting both people with ILD and IPF receive
clinically meaningful benefits. More recently, a large RCT
of exercise training in ILD stratified their randomization and
powered their study for specific ILD subgroups (IPF, CTD-
ILD, and dust-related ILD) in order to establish if benefits of
exercise training varied according to etiology (38). Exercise
training exerted a similar positive effect across varying sub-
types, including in those with IPF. In addition, greater func-
tional or symptom limitation, not etiology or severity of
ILD, predicted functional and symptomatic improvement
following PR. This suggest that all types of ILD stand to
benefit from PR. On the other hand, markers of disease
severity were predictors of improvement at 6 months, sug-
gesting those with the better preserved physiology are more
likely to have long-term benefits. This is consistent with an
earlier uncontrolled study that found greater and more sus-
tained benefits of exercise training in milder disease (48). Of

40 50 60 70 80 90
6MWD (m)

FIGURE 3. Changes in 6-min walk distance (6MWD) in patients with interstitial lung disease (ILD) following pulmonary rehabilitation
(PR). *P < 0.05, PR versus control group. The dashed line represents the minimal important difference of 30 m in 6 MWD in patients with

ILD (44).
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FIGURE 4. Changes in health-related quality of life in patients with interstitial lung disease (ILD) following pulmonary rehabilitation (PR).
*P < 0.05, PR versus control group. The dashed line represents the minimal important difference of —7 in St. George’s Respiratory

Questionnaire (SGRQ) total score in patients with ILD (45).

further note, greater decline in lung function, although not a
diagnosis of IPF, was a predictor of successful exercise pro-
gression during the PR program, which led to much greater
change (49). Therefore, all patients with ILD should be pro-
vided the opportunity to undertake exercise training,
although an early referral is recommended to promote longer
lasting effects (38). This may be more relevant, however, in
those with IPF and other fibrotic ILDs who tend to exhibit a
more progressive disease course.

PROGRAM COMPONENTS
Outcome Assessment

The assessment of the patient and evaluation of outcomes
are essential in order to establish the baseline function and
health of the individual, guide exercise prescription, and to
assess the extent of change following PR.

Exercise Capacity

The assessment of exercise capacity is a critical element of
PR. It determines the level of functional impairment and
exercise intolerance, identifies the presence of exertional
desaturation, identifies the presence of comorbidities that
may require modifications to the exercise program, provides
information necessary for prescription of exercise intensity,
and assesses the effectiveness of PR in improving exercise
tolerance and exertional symptoms.

Laboratory/Cycle-Based Exercise Tests

The cardiopulmonary exercise test (CPET) is a progressive
incremental exercise test to symptom-limited exhaustion
with continuous breath-by-breath gas analysis and electrocar-
diogram rhythm monitoring. It is considered the “gold stan-
dard” measurement of exercise capacity, and exercise can be

described as a direct percentage of measured peak exercise
capacity. The CPET may be less sensitive in detecting exer-
cise-induced desaturation (50). In addition, the CPET is a
complex test requiring specialized equipment and staff;
therefore, it may not be available in all settings. The cycle
endurance test is another test that is emerging as an effective
measure of exercise performance. This test involves the
patient pedaling continuously at a constant work rate, at a
percent of peak work rate from a CPET, until volitional or
symptom-limited exhaustion. The cycle endurance test, when
compared with the CPET, 6MWD, and incremental shuttle
walk test (ISWT), was found to be the most responsive exer-
cise measurement for evaluating improvement in exercise
performance following PR (51). The limitation of the cycle
endurance test is it requires a CPET to be completed first to
set the percentage of achieved peak work rate, therefore lim-
iting the accessibility in a lot of clinical settings.

Field Walking Tests

The 6-min walk test (6MWT) is a valid, reliable, reproduc-
ible, and responsive measure of exercise tolerance in ILD
(52). The 6MWT is also sensitive for identifying exercise-
induced desaturation (52). Despite its excellent reliability,
there is strong evidence of a learning effect (52). Therefore, 2
tests are recommended, particularly when it is used to evalu-
ate response to treatment or change over time (52). The
6MWT may be less sensitive, though, in detecting change in
those with high baseline walk distances (38). The ISWT is
emerging as a robust and useful test of functional exercise
capacity. The ISWT requires the patient to progressively
increase their walk speed along a 10-meter course until the
patient is unable to maintain speed, provoking a similar
physiological response to a CPET (52). The distance walked
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during ISWT has been shown to strongly correlate with
VO, . in IPF (53). It is also recommended that 2 ISWTs be
performed (52). The ISWT could be a useful measure of peak
exercise capacity, particularly in those with high functional
capacity; however, it has not yet been widely used in ILD.

The 6MWD is affected by methodological factors such
as the track length used, encouragement, supplemental oxy-
gen, and walking aids (52). Supplemental oxygen also
affects ISWT performance (52). Therefore, it is important
these factors be kept constant with repeat assessments (52).
Supplemental oxygen and wheeled walkers can be used dur-
ing testing where indicated. Wheeled walkers should be used
in patients who use walkers for day-to-day activities or if the
perceived exercise training will involve the use of walker.
Similarly, oxygen therapy is provided for those who use
exertional or long-term oxygen therapy, or in cases where
supplemental oxygen is clinically indicated during the
assessment. It is worth noting that progression of disease
over time may lead to changes in oxygen flow rate or the
addition of a walking aid. Therefore, if follow-up tests are
performed with a new walking aid or on a higher oxygen
setting because of changes in oxygen prescription and/or
disease deterioration, this change must be clearly indicated
on the test report and considered in the test interpretation.

The execution of both the SOMWT and ISWT should fol-
low the official European Respiratory Society/American
Thoracic Society Technical Standard: field walking tests in
chronic respiratory disease (52,54).

Functional Tests

The 6MWT and ISWT are considered surrogate measures of
day-to-day physical functioning (55). In addition, the 6MWT
is the most widely used outcome measure of functional
capacity in PR programs (52,54). However, it may not be
feasible to perform these tests in some clinical settings or in
home-based PR. Simple functional tests such as step up, sit-
to-stand (STS), gait speed, or timed up and go tests can
provide valid, reliable, and easily administered assessments
of physical function. They can also be used to provide addi-
tional complementary information to the 6 MWD (56), or an
indirect measure of lower limb strength and function.

The 3-min step test, which involves stepping for 3 min
at a rate guided by an audio signal, has been shown to have
excellent reproducibility in monitoring exertional dyspnea
and estimating functional exercise capacity in people with
COPD (57,58), although there are limited data in patients
with ILD. The 6-min step test, which is modelled from the
6MWT and involves stepping as many times as possible on
a 20-cm step, has been shown to be a reliable measure of
functional capacity and exertional desaturation in ILD (59),
and responsive to PR in people with COPD (59). The timed
up and go test, the time taken to stand up from a chair, walk
3 meters, turn around, walk back to the chair, and sit down,
is a reliable and simple test to assess balance and functional
mobility. Its validity has not been assessed in ILD; however,
it has been shown to be valid and responsive to PR in patients
with COPD (56,58,60). The STS tests involve either the time

taken to stand from a sitting position 5 times (5-repetition
STS test), or the number of STS in a set time (typically 30 s
to 3 min) (61). The STS test in 1 min and the 5-repetition
STS have both been shown to be valid, reliable, correlate
strongly with 6MWT or ISWT, responsive to PR, and have
an established MID of 3 repetitions or 1.7 seconds, respec-
tively (62,63). In addition, the 1-min STS was successful in
detecting exercise-induced gas exchange impairment in ILD
(64). STS tests of longer duration (e.g., 3 min) are less ideal
as they may be less feasible in patients with severe ILD.
Overall, the STS tests are limited in those who have diffi-
cultly standing unaided because of poor functional ability or
lower limb impairment (61). The 4-meter gait speed test, the
time taken to walk 4 meters at one’s usual walking speed, is
widely used in older adults as a measure of frailty and func-
tional and lower limb performance (65). In IPF, it has been
shown to be valid, reliable, responsive to PR, and strongly
correlated with exercise performance, respiratory disability,
and HRQoL (65). There is an associated ceiling effect; there-
fore, it may be more suited to those with more severe ILD or
limited functional capacity (65).

Muscle Function

Skeletal muscle strength, although not the most sensitive
measure, is an accessible and clinically applicable method to
assess skeletal muscle function (66). Isokinetic dynamometry
provides accurate assessments of dynamic and static strength
through a range of movements and is the preferred option for
the quantification of muscle strength in laboratory-based set-
tings (67). This method has also successfully identified an
increase in quadriceps force following PR (42,51), suggest-
ing it may be responsive to therapy. Limitations of the iso-
kinetic dynamometer are its large size, nonportability, and
cost; therefore, it is impractical in most clinical settings.
Another reliable assessment of strength and the “gold stan-
dard” for assessing muscle strength in nonlaboratory situa-
tions is the 1-repetition maximum (1RM) (68). The IRM was
shown to be well tolerated in patients undertaking PR, and it
has been used successfully to evaluate muscle strength in
patients with COPD (68); however, there is no clear evidence
regarding its effectiveness in patients with ILD. The advan-
tage of 1RM testing is resistance training exercise can be
prescribed as a direct percentage of the IRM. The limitations
of 1RM testing are that it can be time consuming and it
requires appropriately experienced personnel and suitable
equipment with a sufficiently large range of resistance (68).
The use of the 3RM, 5RM, or 10RM may be more feasible
with regard to accessibility of equipment as well as being
more suited to those with severe disease. The handheld dyna-
mometer is a potential alternative for measuring skeletal
muscle strength in ILD. The handheld dynamometer is placed
into the palm of the hand, direct resistance is applied to
movement of the extremity, and the force output of the muscle
movement is measured. The handheld dynamometer is small,
portable, inexpensive, and shown to have good reliability in
people with ILD (69). Measurement of isometric quadriceps
force using a fixed strain gauge is another viable strength

M3IINTAH

$S900E 93J) BIA 20-90-G2Z0Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumo(



=
w
>
1T,
(14

74 Journal of Clinical Exercise Physiology, Vol. 9, No. 2, 2020

www.acsm-cepa.org

testing procedure (66,70). It has been shown to produce reli-
able results that are comparable to those from computerized
isokinetic dynamometry in people with COPD (70), and it is
a recommended technique in the American Thoracic Society/
European Respiratory Society Statement update on Limb
Muscle Dysfunction in COPD (66). Finally, the STS test may
provide an indirect measure of muscle strength when there is
limited access to the required testing equipment. Both the
30-second and 1-min STS tests have been shown to signifi-
cantly correlate with 1RM in people with COPD. The STS
test has been successfully used in the assessment of skeletal
muscle dysfunction in advanced ILD (28) and to evaluate
improvements in muscle strength following PR in patients
with IPF (43), suggesting it may be responsive to therapy.

Symptom Evaluation

Dyspnea and fatigue are common symptoms in people with
ILD, and the reduction of these symptoms is an important
aim in PR. Dyspnea and fatigue are also frequently measured
using questionnaires and scales. The Modified Medical
Research Council Dyspnea Scale, which grades breathless-
ness from 0 to 4, where 0 indicates no restriction and 4 rep-
resents severe impairment to activities due to breathlessness,
is commonly used to assess the perception of overall physi-
cal limitation due to breathlessness (71). Two more dyspnea-
specific instruments include the Dyspnea-12 and the Univer-
sity of California, San Diego Shortness of Breath
Questionnaire. Both questionnaires have been used to assess
dyspnea in patients with ILD following PR (72,73). Fatigue
assessment instruments include the Fatigue Severity Scale,
which is valid, sensitive, and responsive to change following
exercise training in ILD (74).

HRQoL and Mood

The chronic respiratory disease questionnaire and the SGRQ
are the most widely used disease-specific HRQoL measures.
The chronic respiratory disease questionnaire and the SGRQ
are both sensitive to change and have defined MID thresholds
(2,45,75). The SGRQ has a standard and IPF-specific version
(SGRQ-I). The SGRQ-I IPF version has similar psychomet-
ric properties to the original SGRQ, but it has been designed
to be more relevant for patients with IPF (76). Due to its more
recent development, it has not been as widely used; however,
it has successfully detected HRQoL improvements following
exercise training in a recent RCT of PR in patients with ILD
(38). Anxiety and depression are also prevalent in ILD. The
Hospital Anxiety and Depression Scale, the Center for Epide-
miologic Studies Depression Score, and the Geriatric Depres-
sion Scale are reliable measures of mood that have been used
to evaluate effectiveness of PR (4). The Hospital Anxiety and
Depression Scale is the most widely used tool (15,77), and a
key benefit is it gives a measure of anxiety and depression as
opposed to just depression.

Exercise Training

Currently, exercise training for people with ILD is prescribed
according to the guidelines for exercise prescription in

COPD, and the majority of RCTs of PR in ILD have used
this approach. While this strategy may not provide the most
optimal training stimulus, there is no evidence to suggest
that the exercise prescription should vary from that provided
to patients with COPD (32).

Settings

Pulmonary rehabilitation can occur in several settings. Out-
patient PR, which typically involves hospital outpatient
departments and community health centers, tends to be the
most widely available setting and makes up the majority of
studies evaluating the benefits of PR in COPD and ILD
(5,37,78). Exercise training is conducted under the supervi-
sion of experienced health clinicians, such as physiothera-
pists, clinical exercise physiologists, and nurses. Inpatient
PR programs provide supervised exercise training either as a
special inpatient rehabilitation center to which a patient is
directly admitted, or as part of standard inpatient care pro-
vided during an admission (78). Inpatient PR may prove
useful in the recovery of an acute exacerbation and for those
with severe function limitation, or those who require daily
medical or nursing care (5,78). Accessibility to hospital or
community-based PR, however, can be challenging, with
travel as one of the main barriers (32,79). Home-based PR
has been shown to produce short-term clinical outcomes that
were equivalent to center-based PR in people with COPD
(5,79). It is reasonable to suggest that similar outcomes
could occur in ILD. However, it is recommended that the
home-based PR includes regular contact by health personnel
to facilitate exercise participation and progression (32,46).
Telerehabilitation is emerging as a promising method of PR
delivery with preliminary evidence in COPD suggesting it
provides equivalent outcomes for exercise capacity and
HRQoL (5,80). Further study is currently underway to com-
pare the clinical outcomes of telerehabilitation and tradi-
tional center-based PR for people with COPD and ILD
(anzctr.org.au identifier: ACTRN12616000360415).

Duration

A duration of 6 to 12 weeks (46) and a training frequency of
at least 2 supervised sessions a week is recommended. A third
session is advised, either supervised or formalized unsuper-
vised, a prescribed exercise session to be performed at home
(5,46). The majority of RCTs of PR in ILD have had program
durations ranging from 5 to 12 weeks, with one lasting 6
months with 2 to 3 sessions per week (37,42). These trials
were all associated with improvements in a range of out-
comes, suggesting the standard 8-week PR program might be
effective for participants with ILD. It is worth noting that a
longer PR program may assist with the maintenance of ben-
efits. Two recent RCTs of PR in ILD, both of which employed
a longer PR duration, are the first to report long-term benefits
of PR. Vainshelboim and colleagues (43) found sustained
improvements in leg strength and HRQoL 11 months after a
12-week PR program. Perez and colleagues (42) found a
6-month PR program results in sustained improvements in
exercise capacity and HRQoL at 1-year follow-up.
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Endurance Training

Endurance exercise training is a core component of a PR
program. Endurance training aims to increase aerobic exer-
cise capacity and exercise endurance, leading to an increase
in physical activity tolerance that is associated with a reduc-
tion in dyspnea and/or fatigue (5). Endurance training can be
comprised of walking, either on the treadmill or along a
corridor, and/or cycling. Both these modalities are ideal if
tolerated. Walking is a functional exercise that can lead to
improvement in walking capacity (5). Cycling results in less
exertional desaturation yet places a greater training stimulus
on quadriceps muscles than walking (5). The aim is to com-
plete 30 min of endurance training per exercise session. This
can be divided into smaller bouts (e.g., 10 to 15 min) if
patients are unable to tolerate a single bout of 30 min (46).
The initial exercise intensity corresponding to 60% peak
work rate is considered the minimum required for physio-
logical change, with a goal of progressively increasing the
training intensity over the course of the program.

Initial walking training intensity is set at a speed that is
80% of the peak walking speed (km-h™') achieved on the
6MWT. This approach has shown to achieve the recom-
mended training intensity of 60% VO, peak (81). Initial
intensity for cycling is set at a workload equivalent to 60%
peak work rate on CPET. Equations do exist that estimate
peak work rate from 6MWD; however, caution should be
applied when using these equations as they were subject to
substantial variation across a range of works rates (82). In
addition, they were developed for people with COPD and
may be less accurate in those with ILD.

Regular progressions (e.g., increase in walking speed or
cycle resistance) in the intensity of exercise should occur
weekly if tolerated after 1 to 2 weeks. Participants should be
encouraged to rate their dyspnea and fatigue (e.g., according
the Borg scale) during endurance training, aiming for mod-
erate levels (3-4 on 0-10 Borg score) of breathlessness
throughout. Intermittent monitoring of oxyhemoglobin satu-
ration and pulse rate via pulse oximetry is also recommended
(4). Participants should be encouraged to exercise at home
for an additional 1 to 3 sessions, aiming for an overall total
of 3 to 5 sessions per week (46). Ideally, participants should
aim to exercise at a similar intensity and duration as the PR
program.

Although this approach for endurance training appears
applicable, it may not provide optimal exercise stimuli for
patients in ILD. There is currently no evidence in ILD com-
paring the efficacy of one form of exercise prescription type
with another or investigating effectiveness of alternative
endurance training strategies.

Alternative Endurance Training Strategies

Interval Training

Interval training could be a feasible and effective training
alternative to the traditional form of exercise training in PR
of moderate-intensity continuous training, particularly in
those patients who have difficulty adhering to continuous

training or the prescribed target exercise intensity or duration
required to provide a physiological benefit. Interval training
involves repeated intermittent bursts of relatively high-
intensity exercise, interspersed by periods of rest or low-
intensity exercise (83). The duration of the exercise bout and
recovery can vary from a few seconds to up to several min-
utes, as can the number of intervals performed. In COPD,
interval training has been shown to produce equivalent
improvements in peak exercise capacity, 6o MWD, quadriceps
cross-sectional muscle size, fatiguability, and HRQoL com-
pared with continuous training (84). In addition, 2 studies
reported significantly reduced perceptions of dyspnea and leg
discomfort during interval training and reported greater
adherence to interval training protocol (84). In contrast, 2
studies reported no difference in symptoms between the 2
training modes. However, those studies associated with better
adherence and less dyspnea and leg fatigue included shorter
intervals with the interval durations ranging from 20 to 40
seconds. Therefore, it is possible that using intervals <1 min
at 100% peak is better tolerated than continuous exercise
(84). In ILD, high-intensity interval training has been shown
to provide comparable benefits in both patients with ILD and
COPD preparing for lung transplantation (85). A recent study
comparing the effects of a single bout of continuous training
with high-intensity interval training with a work-recovery
ratio of 30 seconds:30 seconds and maximum intensity of
80% to 100% peak work found that interval exercise was the
preferred exercise modality in 90% of participants and was
associated with less dyspnea, leg fatigue, and effort in indi-
viduals with advanced ILD (86). This preliminary evidence
suggests interval training could be a feasible and effective
training strategy. Whether interval training produces equiva-
lent or superior physiological improvements following a PR
program remains unknown, although 1 RCT is currently
underway which may provide insight in this area (Clinicaltri-
als.gov identifier: NCT03800914).

Downhill Training

Downhill walking may also be an attractive and feasible alter-
native to traditional endurance training. Downhill walking
involves the repeated eccentric contraction, and elongation of
the muscle during contraction (87), of the quadriceps. The
alluring characteristic of this eccentric training is the lower
metabolic cost coupled with a high force production (87).
Therefore, ILD patients who have difficulty sustaining con-
tinuous training or interval protocols with standard walking
due to excessive dyspnea or exercise desaturation may be able
to tolerate an exercise regime of downhill walking. However,
the efficacy of downhill walking in ILD has not been investi-
gated. The evidence in COPD is also small, although promis-
ing. Downhill walking produced greater improvements in
6MWD and HRQoL compared with level walking in 45
patients with COPD. The results of this study are likely over-
estimated since the downhill walking training was supervised
with planned clinician-led progressions whereas the standard
level walking training was a self-progressed and unsupervised
home routine (88). Another study found equivalent
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improvements in 6 MWD and HRQoL following a 12-week
PR program comparing level walking and downhill walking
in 34 patients with COPD (89). Downhill walking, however,
had a significantly greater proportion of patients that exceeded
the MID for 6o MWT (89). Downhill walking may be an appro-
priate training strategy for ILD patients whose exercise toler-
ance is severely reduced. Further research studies are war-
ranted to evaluate the effectiveness of downhill walking in
ILD. However, current exercise training approaches could
include adding a decline of 5% to the initial walking intensity.
Progressions could involve gradual increases in speed until
the peak walk speed of the 6MWT is reached followed by
gradual reductions in the decline towards 0%.

Water-Based Training

Water-based training may provide a viable alternative in ILD
patients with significant physical limitations, particularly in
those with CTD-ILD who are commonly affected with joint
pain, joint swelling, and limited range of motion. Water-
based exercise uses warm water to relieve pain and induce
muscle relaxation, and buoyancy to reduce the mechanical
impact on the body (90). Water-based training is an effective
alternative to land-based training in patients with COPD
with physical comorbidities (91). The effectiveness of water-
based exercise training has not been tested in ILD; therefore,
it is an important target of future research, especially for
those with CTD-ILD who commonly experience systemic
manifestations of arthropathy, myopathy, and vasculopathy.
A small feasibility study of water-based exercise training in
ILD is currently underway which may provide insight in this
area (anzctr.org.au identifier: ACTRN12619000308190).

Partitioned Exercise Training

Another alternative training strategy that may allow ILD
patients to adhere to continuous exercise or adhere to the
recommended higher intensity is partitioned exercise train-
ing. Partitioned exercise involves exercising a single limb at
a time, for example cycling with a single leg, then the con-
tralateral leg (92) for 15 min each, as opposed to cycling for
30 min with both legs (93,94). Partitioned exercise places
the same metabolic and functional demands on the targeted
muscle but reduces the overall ventilatory requirement (95).
In COPD, single-legged cycling has produced greater
improvement in VO peak and peak work rate (94) with
lower minute ventilation and dyspnea compared with
2-legged cycling (93,94). It was successfully implemented
into a PR program as the principal aerobic activity with sig-
nificant improvements in VO,peak, 6MWD, and HRQoL
with no significant barriers, safety issues, or noncompliance
(92). While partitioned exercise training could be a reason-
able option for ILD, there is no research into the benefits for
ILD, although 1 RCT is currently underway (ClinicalTrials.
gov Identifier: NCT03752892).

Strength Training

Skeletal muscle dysfunction is a common maladaptation in
ILD. In addition, reductions in muscle force correlate with

the level of lung impairment and reduced peak exercise
capacity (26,96). Therefore, improving muscle strength and
function is an important goal of PR. However, the specific
benefit of resistance training alone in people with ILDs is
unclear as no study has evaluated resistance training as a
standalone element.

A small number of RCTs of PR in ILD have incorpo-
rated resistance training, with the majority resulting in
improvements in exercise tolerance and HRQoL
(35,36,38,41-43). The American Thoracic Society/European
Respiratory Society and British Thoracic Society PR guide-
lines recommend the inclusion of resistance training in PR to
ensure strength and endurance benefits (5,46), and resistance
training is often incorporated in clinical PR programs. There
are no specific guidelines for the prescription of resistance
training for people with ILD or for PR in general. Instead,
recommendations (5) follow the American College of Sports
Medicine principles for healthy adults or older adults (97).
Single-joint and multiple-joint exercises may be performed
at a slow-to-moderate velocity, 1 to 3 sets (8 to 12 repetitions
per set), 60% to 70% 1RM, 1 to 3 min rest, for 2 to 3 d-wk!
(97). A load that evokes fatigue after 8 to 12 repetitions or a
rating of perceived exertion score of 12 to 14 (Borg 6-20
scale) or 4 to 6 (Borg category ratio CR-10 scale) can also be
used to determine resistance training intensity (43,98). For
those who are very deconditioned or frail, less physically
demanding initial workloads are recommended: a lower
intensity (40% to 50% 1RM or a rating of perceived exertion
score of 11 to 12 (6-20 scale) or 3 to 4 (CR-10 scale)) and
volume (1 set of 10 to 20 reps) (97). A longer rest period may
also be required. Resistance training with lower loads may
also reduce the likelihood of patients performing the Val-
salva maneuver during efforts. Functional movements that
use large muscle groups that are active during everyday
activities, such as chair squats or step-ups, are recommended.
However, an individualized approach, guided by the partici-
pant’s capability, should be adopted when selecting resis-
tance training exercises and the initial load. Modifications
should also be made where appropriate to manage and
improve musculoskeletal comorbidities and limitations. For
continuing adaptations to muscle strength and endurance,
regular individualized progressions are required. This over-
load can be achieved by increasing the weight, number of
repetitions per set, number of sets of each exercise, or
decreasing the rest (5). A recommended approach includes
focusing on the patient achieving 2 to 3 sets of each exercise,
at which point the number of repetitions per set can be
increased. Once the patient achieves the desired maximum
number of repetitions per set, the weight can be increased
(46,99).

Role of Oxygen Therapy

Exertional desaturation is common in people with ILD, with
approximately 54% demonstrating a decrease in oxygen
saturation of SpO, <88% during the 6MWT with the preva-
lence increasing to 86% to 93% with severe impairment
(FVC<50% predicted or TLCO<35% predicted) (100).
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While the exact benefit of oxygen during exercise is unclear,
the American Thoracic Society/European Respiratory Soci-
ety PR guidelines recommend the use of oxygen during
exercise training in those who fulfil the assessment criteria
for ambulatory oxygen (46), and supplemental oxygen is
commonly used following these criterion in clinical practice
(34,46) to ensure safety, to provide relief in the presence of
profound desaturation, and to improve exercise tolerance.

There is emerging evidence to suggest supplemental oxy-
gen may be a beneficial adjunct to exercise training by opti-
mizing physiological improvements through increased endur-
ance training time. Two small studies in IPF evaluating the
provision of oxygen during constant load cycling found that
oxygen significantly increased endurance time and reduced
exertional dyspnea (101,102). In addition, 1 study found that
oxygen was associated with a reduction in xanthine levels, an
indirect marker of ATP deletion and impaired muscle metabo-
lism (101), suggesting oxygen therapy may improve muscle
metabolism through increased oxygen delivery to skeletal
muscle. Further research is required to determine whether the
provision of supplemental oxygen during exercise training
consistently enables patients with ILD, limited by exertional
desaturation, to achieve the recommended training intensity
and the desired progression of exercise intensity. Importantly,
further studies would need to establish whether this would
lead to enhanced cardiovascular and muscular adaptations and
whether such adaptations would successfully result in
improved exercise capacity, physical activity in daily life, and
HRQoL upon completion of a PR program. A 2-arm double-
blind randomized placebo-controlled trial of supplemental
oxygen during 8 weeks of thrice-weekly aerobic exercise
training in 88 IPF patients is currently underway (103) and
may shed some light on these important questions (Clinical-
Trials.gov identifier: NCT02551068). Given the high preva-
lence of profound exercise-induced desaturation that patients
with ILD experience, it is currently recommended that supple-
mental oxygen should be available at all centers providing
exercise training for people with ILD (32). The usual practice
would be to deliver oxygen therapy for any patient who
desaturates to SpO,<85% during training, with the aim of
maintaining SpO, at greater than 88% (4). If the patient is
asymptomatic, able to safely tolerate training load, and prefers
to exercise without the use of oxygen, it would be appropriate
to reduce this SpO, threshold by 2% to 3%. In addition, in
patients who prefer not to use supplemental oxygen, alternate
training strategies such as interval training or downhill walk-
ing can be employed to manage desaturation.

Role of PR After Exacerbation of IPF

Acute exacerbation (AE) of ILD is defined as a “clinically
significant respiratory deterioration developing within typi-
cally less than 1month, accompanied by new radiologic
abnormalities on HRCT, and the absence of other obvious
clinical causes like fluid overload, left heart failure, or pul-
monary embolism” (104). The clinical presentation of AE-
ILD is similar in non-IPF ILD and IPF, but AE-ILD in non-
IPF ILD is less common and the clinical course is less fatal

compared with IPF (104). There is little evidence for treat-
ment of AE in ILD and optimal approach is not known
(11,105). In contrast, acute exacerbations in COPD have
been long identified, with greater knowledge and evidence
regarding treatment (105). PR is recommended following an
acute exacerbation in COPD, with commencement advised 1
month after discharge (46), due to evidence that it reduces
the risk of future hospital admission and improves HRQoL
and exercise capacity (46). There is no recommendation
provided for ILD (46). The role of PR may involve restoring
function and reducing symptoms, leading to greater day-to-
day functioning and allowing for improved HRQoL. A cau-
tious approach, with confirmation that clinical stability of
disease has occurred, might be required for commencement
of PR following an exacerbation for IPF since risks could be
higher in this subgroup because of greater desaturation on
exercise, greater hypoxemia at rest, and associated comor-
bidities (4).

Nonexercise Components of PR

Many PR programs often incorporate education, nutrition
counselling, and psychological support, which may help to
improve emotional and physical wellbeing in this population
(4,5). The education component of PR has been geared pri-
marily toward patients with COPD. While people with ILD
are willing and value the opportunity to attend standard PR
education sessions (106,107), they expressed a desire for
inclusion of ILD-specific content. Key topics included dis-
ease behavior and prognosis, managing cough, how to man-
age medications and their side effects, clinical tests, auton-
omy, and end of life counseling (106,107). While the existing
education curriculum may provide relevant information, this
highlights the need for PR to incorporate an ILD-specific
curriculum.

There are no specific recommendations regarding nutri-
tional depletion or nutritional support for people with ILD.
However, a higher body mass index is associated with better
survival in IPF, and low baseline body mass index is associ-
ated with poor prognosis and increased disease severity in
IPF and other fibrotic ILDs (108). In addition, a healthy
body weight is often a consideration for transplant eligibility
(109). Therefore, adequate nutritional intake is important in
maintaining health status and HRQoL in patients with ILD
(110). It seems reasonable to provide general advice on
maintaining a healthy and well-balanced diet, and in addi-
tion to incorporate general dietary screening within the PR
program and provide dietary counseling and nutritional
intervention (e.g., supplementation when malnutrition is
identified).

People with ILD suffer a high symptom burden includ-
ing dyspnea, fatigue, and cough. Anxiety and depression are
also prevalent symptoms, particularly in those with more
pronounced dyspnea and comorbidities, leading to an over-
all increase in disease burden (15). PR plays an important
role in symptom control. It has been shown to significantly
reduce dyspnea in patients with ILD (37) and is strongly
recommended in British Thoracic Society PR guidelines for

M3IINTAH

$S900E 93J) BIA 20-90-G2Z0Z e /wod Aioyoeignd-poid-swud-yiewlarem-jpd-awndy/:sdiy woly papeojumo(



=
w
>
1T,
(14

78 Journal of Clinical Exercise Physiology, Vol. 9, No. 2, 2020

www.acsm-cepa.org

all patients functionally limited by dyspnea (46). PR proved
beneficial in alleviating fatigue in people with IPF (74) and
sarcoidosis (41). Anxiety and depression may also improve
following PR. Exercise training improved anxiety in people
with sarcoidosis (41) and trended towards a reduction in
anxiety in people with IPF and ILD of varying etiology (38).
PR improved depression in 52% of participants and this
benefit was sustained for 6 months in a nonrandomized
study of PR (111). Considering the prevalence of anxiety
and depression in ILD, providing advice on effective strate-
gies to manage mood may also be appropriate and the contri-
bution of a psychologist is desirable (16).

POSSIBLE FUTURE DIRECTIONS

Despite this growing evidence for the benefit of PR in ILD,
there are a number of important challenges that lie ahead.
Two key challenges include: (a) defining the optimal exer-
cise training strategy that results in maximal physiological
benefits. The majority of the evidence into the benefit of PR
in ILD has used the standard exercise prescription principles
of exercise training for COPD. Although this approach
appears applicable, it may not provide optimal exercise
stimuli for patients with ILD and investigation into alterna-
tive exercise strategies is required; and (b) investigating
ways to promote longer lasting improvements in outcomes
following exercise training. There is little evidence to sug-
gest benefits of exercise training extend beyond or reach 6
months. Only 2 RCTs have reported sustained benefits in the
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