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Exercise in Interstitial Lung Diseases

Baruch Vainshelboim

Abstract

Interstitial lung diseases (ILDs) represent a group of diverse chronic lung condi-
tions characterized by scaring, inflammation, and restrictive pathophysiology.
Idiopathic pulmonary fibrosis (IPF) is the most common form of ILDs and is
associated with severe signs and symptoms, exercise intolerance, impaired qual-
ity of life, and poor prognosis. Exercise training has been shown to be a safe and
effective treatment in a variety of ILDs including IPF. Exercise training improves
exercise tolerance, functional capacity, dyspnea, and quality of life both in
patients with ILDs and IPF. Higher exercise capacity and physical activity levels
have been demonstrated to be associated with better survival and enhanced qual-
ity of life. The optimal training modalities and the underlining mechanisms with
respect to outcome improvements are yet to be well characterized and require
further investigation. The existing evidence supports the clinical benefits of exer-
cise in patients with ILDs and thus provides good justification to recommend
exercise training as part of standard care for ILDs.

7.1 Introduction

Interstitial lung diseases (ILDs), also known as diffuse parenchymal lung dis-
eases, encompass a wide and diverse group of more than 200 disorders affecting
not only the interstitium but also peripheral airways, alveoli, and small blood
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vessels within the lungs. ILDs are characterized by lung inflammation, scarring,
and presence of restrictive pathophysiology. ILDs include diseases of underlying
systemic processes (i.e., sarcoidosis), connective tissue diseases (i.e., rheumatoid
arthritis), occupational exposures (i.e., asbestosis, silicosis), collagen vascular
diseases, as well as environmental and drug-related diseases. ILDs also include
conditions of unknown etiologies such idiopathic interstitial pneumonia or idio-
pathic pulmonary fibrosis (IPF). IPF is the most common form of ILDs and have
no established etiology [1, 2].

IPF is a chronic, progressive ILD associated with high morbidity and a median
survival of 2-5 years from the time of diagnosis [3-5]. IPF is characterized by
progressive pulmonary restriction, ventilatory inefficiency, dyspnea, impaired gas
exchange, and hypoxemia, which all lead to diminished exercise capacity [3, 5, 6].
Patients with IPF experience severe breathlessness and tend to be less physically
active in order to avoid such symptoms [7, 8]. Manifestations of IPF have a nega-
tive impact on functional capacity and quality of life (QOL) and are associated with
poorer prognosis [3, 5-8]. Long-term effective treatment apart from lung transplan-
tation is still limited for most IPF patients despite some encouraging recent findings
with pharmacotherapies [3, 9—11].

A recent systematic review demonstrated that short-term exercise training in pul-
monary rehabilitation settings is a safe and effective treatment for improving exer-
cise capacity, dyspnea, and quality of life in patients with ILDs and IPF [12]. The
current chapter comprehensively reviews the existing evidence on physical activity
and rehabilitation programs in patients with ILDs and IPF, highlighting important
insights concerning exercise in the management of these diseases.

7.2  Pathophysiology

At rest, patients with ILDs and IPF frequently show a restrictive pulmonary
physiology characterized by reduced forced vital capacity (FVC) and total lung
capacity (TLC), combined with impaired gas exchange [5, 6]. The resting arte-
rial blood gases are usually near normal or may reveal mild hypoxemia; however,
breathing pattern is often rapid and shallow. In general, as the disease progresses,
lung compliance decreases and lung volumes fall [6]. Dyspnea is a predomi-
nant symptom of IL.Ds and IPF and results clinically significant due to its strong
association with exercise intolerance, poor quality of life, and mortality [3, 8,
13-15]. Other symptoms such as leg pain, chest discomfort, and fatigue are also
common reasons for exercise test termination [16, 17]. Patients with IPF can be
also bothered by a dry cough which interferes with daily activities. The onset of
symptoms is slow, despite progressive [5]. Exercise intolerance is a cardinal fea-
ture in ILDs and is associated with severe exertional dyspnea and fatigue, as well
as poor quality of life [16—18]. Patients with IPF often exhibit reduced peak aero-
bic capacity (VO,peak), peak work rate, and sub-maximal exercise endurance
(anaerobic threshold) compared to age- and sex-matched healthy controls [16].
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7.3 Exercise Tolerance Assessment

7.3.1 Cardiopulmonary Exercise Testing

Cardiopulmonary exercise testing (CPET) is the gold-standard procedure to objec-
tively assess cardiorespiratory fitness (VO, peak/VO, max), ventilatory, electro-
cardiographic, and metabolic responses to exercise [19-24]. Treadmill and cycle
ergometers are the most commonly adopted CPET protocols among patients with
chronic heart and lung diseases. CPET provides a comprehensive evaluation of
exercise tolerance and functional capacity, detecting limiting factors during exer-
cise; it also aids in establishing diagnosis and in reliably assessing responses to
interventions [19-24]. In addition, variables obtained from CPET provide powerful
prognostic information that has been shown to be more sensitive than traditional
measures among patients with cardiopulmonary diseases [21-23]. Table 7.1 shows

prognostic markers in patients with IPF.

Table 7.1 Selected prognostic markers in ILDs and IPF

Hazard ratio (95%
confidence intervals) for
Variables Studies/thresholds mortality
Low 6-min walk | du Bois et al. 2014 [25]<250 m 2.1(1.2-3.9)
distance Kawut et al. 2005 [26]<350 m 4.6 (1.5-14.2)
Lederer et al. 2006 [27]<207 m 4.7 (2.5-8.9)
Caminati et al. 2009 [28]<212 m Not reported
Desaturation Lama et al. 2003 [29] SpO, < 88% 4.5
during Vainshelboim et al. 2016 [30] A 23.3 (1.5-365)

6-min walk test

SpO, > 10%

Low exercise
capacity

Fell et al. 2009 [31] VO, peak <8.3 mL/kg/min
Triantafillidou et al. 2013 [32] VO, peak
>14.2 mL/kg/min per one unit increase
Vainshelboim et al. 2016 [33] work rate < 62
watts

Layton et al. 2017 [34] peak work rate
Yopredicted<35%

3.2 (1.1-9.6)
0.75 (0.6-0.95)

9.2(1.9-42.6)

4.7 (2.6-8.4)

Ventilatory

Triantafillidou et al. 2013 [32] VE/VCO, at

1.15 (1.04-1.26)

inefficiency anaerobic threshold per one unit increase
Vainshelboim et al. 2016 [33] VE/VCO, at 4.6 (1.2-17.3)
anaerobic threshold>34

Physical activity | Vainshelboim et al. 2016 [30] <417 9.7 (1.3-72)

METS-min/week

Vainshelboim et al. 2018 [35]

Walking 100 to <150 vs. <100 min/week

0.38 (0.16-0.88)

Walking >150 vs. <100 min/week

0.14 (0.03-0.53)

Prolonged sitting
time

Vainshelboim et al. 2018 [35]

5 to <10 vs. <5 h/day

4.6 (1.3-16.3)

>10 vs. <5 h/day

21.2 (4.1-32.6)
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Reviews and research studies utilizing CPET in ILDs usually show multifacto-
rial limitations during exercise. These include abnormal pulmonary gas exchange,
inefficient breathing mechanics, exercise-induced hypoxemia, circulatory impair-
ments, and respiratory and skeletal muscle dysfunctions [6, 16, 17, 36]. A hallmark
clinical sign in patients with ILDs is hypoxemia, which manifests as a decline in
arterial O, pressure and arterial O, saturation in response to exercise. This phenom-
enon mainly relates to abnormalities in pulmonary gas exchange, due to alveolar
ventilation-perfusion (VA/Q) mismatching, oxygen diffusion limitation, and low
mixed venous oxygen content [16, 17]. Ventilatory pattern is also seen abnormal in
patients with ILDs; however breathing reserve in most cases is kept within normal
values [16, 17]. In particular, part of the raised ventilatory drive during exercise is
related to the increased dead space ventilation, which may also relate to underlying
pulmonary vascular diseases, especially chronic pulmonary emboli or associated
emphysema [6, 16, 17].

7.3.2 6-Min Walk Test

The 6-min walk test (6MWT) is a well-established test for assessing functional
capacity in elderly subjects and in patients with cardiopulmonary diseases [37].
The primary outcome of the 6MWT is the 6-min walk distance (6MWD), a met-
ric that provides a valid and reliable estimate of exercise capacity for people with
chronic lung diseases. The 6MWD is associated with peak work rate capacity,
physical activity, and VO, peak, supporting its role as a functional endpoint of
exercise performance [38, 39]. The 6MWD has a good sensitivity to detect signifi-
cant changes in pre-post exercise-based rehabilitation interventions. The minimal
clinical important difference for the 6MWD ranges from 25 m to 33 m in adults
with chronic respiratory diseases, and most of the trials performed in ILDs and IPF
patients show clinical improvement by meeting or exceeding this threshold [12, 18,
38-40]. Desaturation during 6MWT in patients with ILDs and especially IPF has
been shown to be an important clinical sign. The nadir SpO, during 6MWT aids in
determining disease severity and providing prognostic values, such as the need for
lung transplantation [3, 29]. The distance completed during the 6MWT has been
also consistently proven to be associated with mortality among patients with IPF
and has been used as an important marker of Lung Allocation Score for lung trans-
plantation (Table 7.1) [25-28, 41].

7.4  Exercise Trainingin ILDs

In the past decade, growing body of evidence revealed the safety and efficacy of
exercise training interventions for patients with ILDs and IPF [15, 42-55]. This was
confirmed by a recent Cochrane systematic review and meta-analysis from Dowman
et al. [12]. The analysis included five randomized controlled trials (86 subjects
who took part in pulmonary rehabilitation programs and 82 controls). Significant



7 Exercise in Interstitial Lung Diseases 101

improvements in G MWD [44.3 m 95% CI (26.04-62.64)] and in VO, peak [1.24 mL/
kg/min 95% CI (0.46-2.03)] were shown for all ILD patients. Similar findings were
reported in the subgroup of IPF patients with significant improvements of 36 m,
95% CI [16-55], and 1.5 mL/kg/min, 95% CI (0.5-2.4), respectively. The results
from this meta-analysis also showed a reduced dyspnea and improved quality of life
both in ILD and IPF patients with comparable efficacy [12, 56]. These findings are
consistent with the previous Cochrane review by Holland et al. demonstrating clini-
cal benefits of exercise training in ILD and IPF [56]. Of note, both meta-analyses
showed an average improvement of 6MWD exceeding the minimal clinical impor-
tant difference of 25 m generally set for chronic respiratory patients [12, 18, 38, 39,
57].

In general, exercise programs were undertaken for 4-12 weeks utilizing 2-3
weekly exercise sessions of 30—60 min duration. All training programs included
aerobic endurance exercises, such as walking and cycling, whereas some programs
combined also resistance and flexibility training, respiratory muscle training, and
breathing exercises [16, 52].

7.5  Skeletal Muscle Strength and Endurance

Muscular strength and endurance are important health-related fitness components
due to their associations with functional capacity and daily life activities [58, 59].
However, only few studies of exercise training investigated the strength and endur-
ance of peripheral muscles in patients with ILDs [53, 54]. Available findings showed
beneficial effect of exercise training on muscular strength and endurance. In par-
ticular, Arizono et al. showed significant improvements in handgrip and quadriceps
strength following 10 weeks of a pulmonary rehabilitation program in patients with
IPF [53]. Vainshelboim et al. [54] demonstrated a significant improvement in a 30-s
chair-stand test (suggestive of the functional strength-endurance capacity of lower
limb muscles) after 12-week exercise program in patients with IPF [54]. However,
the data are still limited, and future studies are needed to fully address the muscular
fitness component in ILDs and IPF patients.

7.6  Physical Activity

Physical inactivity has been identified by the World Health Organization as
the fourth leading risk factor for global mortality [60]. Approximately 31% of
adults are estimated to be physically inactive, contributing to 6% of all deaths
[60, 61]. Physical activity has not been studied extensively in patients with
ILDs. The manifestation of ILDs and the presence of signs and symptoms,
especially during physical exertion, may mechanistically explain the high prev-
alence of inactivity in order to avoid breathless, fatigue, and other related respi-
ratory symptoms [5, 7]. In general, inactivity among chronic respiratory disease
patients is associated with poorer outcomes including higher mortality risk [18].
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Few observational studies among patients with IPF have shown that low physi-
cal activity levels are associated with higher mortality rates [30, 62—64]. The
study of Wallaert et al. [63], by using accelerometers for step counting, found a
65% lower daily physical activity in patients with IPF compared to healthy sed-
entary controls [63]. This study also showed that among these patients, physi-
cal activity <3287 steps/day was associated with poorer survival rates [63]. In
align, Nakayama et al. [62] showed that low physical activity was associated
with disease severity, as measured by blood biomarkers, extent of honeycomb-
ing, GMWD, and dyspnea levels among stable IPF patients [62]. Vainshelboim
et al. [30] using an international physical activity questionnaire reported that
physical activity levels <417 METS-min/week (corresponding to 100—105 min
of moderate-intensity physical activity per week) were associated with almost
10 times higher risk for mortality during a 40-month follow-up in patients with
IPF [30]. More recently, Bahmer et al. [64] relying on step counters accelerom-
eters showed that physically active patients with IPF exhibited significant lower
risk of mortality (hazard ratio = 0.46) compared to inactive individuals during a
median of 34-month follow-up [64].

Nonetheless, the effects of participating in supervised exercise training or pul-
monary rehabilitation programs on physical activity were not extensively studied
among patients with ILDs and IPF. In fact, only three prospective studies exam-
ined the effect of short-term exercise-based pulmonary rehabilitation programs on
physical activity levels in IPF, with some conflicting results in the follow-up reas-
sessment [50, 65, 66]. These studies consistently reported a short-term increase
in physical activity after completion of the exercise-based interventions [50, 65,
66]. However, during follow-up while Gaunaurd [66] and Vainshelboim [65]
showed reduction in physical activity levels, assessed by the international physi-
cal activity questionnaire, Ryerson [50] demonstrated conservation of physical
activity levels, based on the rapid assessment of physical activity questionnaire
scores. Interestingly, while the average physical activity levels in Vainshelboim’s
study [65] declined during the 11-month follow-up, at individual level 57% of
the patients who participated in the exercise training were still above the baseline
with preserved minimal clinically important difference of 200 METs-min/week
(50 min/week at moderate intensity). This may provide a preliminary support for
long-term positive effects of supervised exercise programs on home-based physi-
cal activity [65].

Taken together, preliminary data suggest benefits and better survival in active
compared to inactive patients with IPF. Limited data also suggest the potential for
pulmonary rehabilitation and supervised exercise programs to increase activity lev-
els among patients with IPF. However, the existing evidence is confined to small
sample sizes and lacks validation with objective devices (step counters/accelerom-
eters), thus requiring further research. In addition, large prospective cohorts are
warranted to characterize the role of physical activity in ILDs prognosis, and the
long-term effects of exercise interventions on physical activity need to be explored
more in depth.
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7.7  Sedentary Behaviors

Population-based studies have found that more than half of an average person’s
waking hours involve sedentary activity, mainly prolonged sitting, such as watch-
ing television and using computer [67]. Prolonged sitting time was also recently
acknowledged as independent risk factor from physical inactivity for incidence of
many chronic diseases, hospitalizations, and mortality [68, 69]. While sedentary
behaviors got little scientific attention in patient with ILDs and IPF, few available
data demonstrated that sedentary lifestyle were associated with poorer outcomes
[35, 70, 71]. Atkins et al. [70] found a trend toward significant association between
prolonged sitting and mortality at 1 and 2 years of follow-up in IPF patients [70].
Vainshelboim et al. [35] showed that compared to patients with IPF who reported
sitting time < 5 h/day, patients who sat >5 h/day experienced an increased risk of
hospitalizations and mortality [35]. These preliminary findings support the poten-
tial clinical significance of sedentary behaviors in patients with IPF that need to be
further addressed in future large prospective studies.

7.8 Possible Physiological Mechanisms of Exercise Training
Effectin ILDs

ILDs are complex chronic lung diseases which result in intra- and extrapulmo-
nary impairments that often worsen over time [1-3, 5, 16, 17]. Exercise training in
healthy population has been shown to positively impact on cardiovascular, respira-
tory, and musculoskeletal systems [72]. Chronic appropriate stimuli with exercise
may result in beneficial training effects and physiological adaptation for patients
with ILDs, despite the existence of pathophysiological abnormalities and impair-
ments [16, 17, 59]. Figure 7.1 illustrates possible mechanisms for the beneficial
effects of exercise training in patients with ILDs.

A randomized controlled study by Vainshelboim et al. [54] revealed a significant
improvement in ventilatory functions, including peak minute ventilation and peak
tidal volume, after 12 weeks of an exercise training intervention in patients with IPF
[54]. The improvement in peak tidal volume was significantly correlated (r = 0.78,
p =0.001) with an improvement in VO,peak values, a gold-standard marker of car-
diorespiratory fitness associated with better survival and overall health [19, 22, 23,
54, 73]. This underlying mechanism is poorly understood but may be related to a
repetitive stimulus of high ventilatory demands, chest expansion during breathing
exercises and stretching of the thoracic muscles during exercise sessions. These
could result in a more efficient breathing pattern, improved strength of respiratory
muscles, enhanced pleural elasticity, and pulmonary compliance [6, 16, 54, 74]. The
abovementioned is consistent with a review paper suggesting beneficial effects of
thoracic expansion and stretching on pulmonary restriction for IPF [74]. In addition,
patients included in the study of Vainshelboim et al. [54] also showed improvements
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Fig. 7.1 Potential physiological mechanisms of exercise training in patients with interstitial lung
diseases

in dyspnea, a phenomenon that further supports the relationship between cardiore-
spiratory fitness, ventilatory capacities, and exertional dyspnea [54]. These findings
are consistent with data provided by Manali et al. [75] who found a significant cor-
relation between dyspnea and VO,peak in patients with IPF [75]. It also may be that
the improvement in exercise capacity and ventilatory function results in reduced
dyspnea at sub-maximal exercises, such as activities of daily living, as demon-
strated by declined dyspnea scale rating after the program. This enhancement could
determine an increase in alveolar oxygen tension and improvements in alveoli ven-
tilation/perfusion (VA/Q) mismatch, resulting in an improved VO,peak [5, 6, 16].

Furthermore, the study conducted by Keyser et al. [76] found significant
peripheral adaptation after 10-week aerobic treadmill exercise program among
ILD patients [76]. The authors used a near-infrared spectroscopy of peripheral
oxygen extraction, suggesting it as primary physiological mechanism of increase
in aerobic capacity in ILD [76]. In addition, Vainshelboim et al. [77] found a sig-
nificant improvement in cluster of noninvasive exercise cardiovascular indexes,
representing cardiac power and heart contractility among patients with IPF. This
improvement was significantly correlated with improvements in functional capac-
ity (6MWD) [77]. Given a considerably high (66%) prevalence of coronary artery
disease in patients with IPF, the improvement in exercise cardiovascular function
is potentially clinically important for cardiac disease prognosis and risk reduction
in patients with IPF [77, 78].

Taken together, physiological studies in patients with ILDs and IPF suggest a
significant improvement in ventilatory, cardiovascular, and skeletal muscle func-
tions. However, the exact underlying mechanisms of training adaption in patients
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with ILDs and IPF are yet to be understood and require future research utilizing
low-dose computed tomography, stress echocardiography, and near-infrared spec-
troscopy to clearly address the intra- and extrapulmonary anatomical and physi-
ological adaptations to exercise interventions.

7.9 Conclusions

Interstitial lung diseases, especially IPF, are associated with significant morbid-
ity and mortality, exercise intolerance, dyspnea, and poor quality of life. Exercise
training is feasible, safe, and clinically effective for improving exercise capacity,
dyspnea, and quality of life in patients with ILDs and IPF. Higher exercise capacity
and physical activity levels in patients with IPF were associated with better sur-
vival. Long-term effects of exercise training and fitness, as well as the physiological
mechanisms, are yet to be determined.

7.10 Tips and Pitfalls

Despite the emerging scientific evidence with respect to safety and efficacy of exer-
cise training in patients with ILDs and IPF, specific set of guidelines are yet to be
published [74, 79]. Although exercise training studies in patients with ILDs show
a good safety profile, these patients tend to have additional comorbidities, such
as coronary arterial disease, systemic and pulmonary hypertension, as well as sig-
nificant symptoms during exercise [3, 5, 6, 16, 78]. Thus, baseline comprehensive
evaluation would be beneficial before starting an exercise training program. This
may include a respiratory physician evaluation, pulmonary function test, 6MWT,
“30-second chair sit to stand test,” and “8-foot up and go test” [18, 23]. In addition,
ILD patients present multifactorial limitations during exercise; integrative CPET
would be therefore valuable to assess the electrocardiographic, hemodynamic,
respiratory, and gas exchange responses to exercise [16, 17]. CPET can also serve
to optimize personal training program prescriptions and necessary adjustments in
oxygen supplementation during exercise sessions [18].

Oxygen supplementation seems to be necessary for hypoxemic patients during
exercise as has been recommended by the American Thoracic Society/European
Respiratory Society guidelines [3]. SpO, > 90% was previously recommended as
appropriate oxygenation threshold for ILD patients [80], based on COPD data [81].
However, ILD patients tend to desaturate to much lower levels compared to COPD
patients and practically may require different thresholds for oxygen supplementation
delivery [82, 83]. In this regard, SpO, thresholds <88% [54] and <85% [49] were
previously reported for oxygen supplementation during exercise sessions and seem
to be reasonable and safe [49, 54]. A specific set of guidelines on oxygen supple-
mentation during exercise in ILDs are yet to be published, and suggestions provided
in this chapter are based on observational reports [15, 42-50, 54] and the pulmonary
rehabilitation documents of leading respiratory organizations [18, 84, 85].
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7.11 Practical Recommendations for Supervised Exercise

Training Program

Identify an appropriate space for conducting the exercise training program.
Rely on staff specialized in exercise rehabilitation and familiar with signs and
symptoms of ILDs.

Address safety requirements in terms of emergency plans, oxygen delivery, and
necessary monitoring during exercise sessions.

Assess patients at baseline and after the intervention with at least medical evalu-
ation, G(MWT, “30-second chair sit to stand test,” “8-foot up and go test,” dys-
pnea scale, and QOL questionnaire.

Deliver at least two supervised exercise sessions per week over 6—12 weeks (lon-
ger is better).

Include in exercise sessions 20—45 min of aerobic exercise (can start using an
interval training of 5 min*4—6 bouts with 1 min rest between the bouts),
15-25 min of resistance/strength activities, and 10-15 min of flexibility and
breathing exercises.

Close monitoring of SpO,, heart rate, blood pressure, Borg dyspnea scale, and
clinical symptoms during exercise sessions.

Incorporate educational sessions and psychological support with the exercise
training as recommended for comprehensive pulmonary rehabilitation program.
Encourage patients for home-based physical activity on other days of the week
and consult to reduce sedentary behaviors.

Develop a maintenance plan in order to sustain the improvement in outcomes.

Key Points

 Interstitial lung diseases (ILDs), especially idiopathic pulmonary fibrosis
(IPF), are associated with significant morbidity, mortality, exercise
intolerance, dyspnea, and poor quality of life.

» Interventional studies demonstrate that exercise training is feasible, safe,
and clinically effective for improving exercise capacity, dyspnea, and
quality of life in patients with ILDs.

* Preliminary observational data show that higher exercise capacity and
physical activity levels are associated with better survival in IPF.
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