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Abstract

Background: Interstitial lung disease is a debilitating condition associated with significant dyspnoea, fatigue, and
poor exercise tolerance. Pulmonary rehabilitation is an effective and key intervention in people with interstitial lung
disease. However, despite the best efforts of patients and clinicians, many of those who participate are not achieving
clinically meaningful benefits. This assessor-blinded, multi-centre, randomised controlled trial aims to compare the
clinical benefits of high intensity interval exercise training versus the standard pulmonary rehabilitation method of
continuous training at moderate intensity in people with fibrotic interstitial lung disease.

Methods: Eligible participants will be randomised to either a standard pulmonary rehabilitation group using moder-
ate intensity continuous exercise training or high intensity interval exercise training. Participants in both groups will
undertake an 8-week pulmonary rehabilitation program of twice-weekly supervised exercise training including aero-
bic (cycling) and strengthening exercises. In addition, participants in both groups will be prescribed a home exercise
program.

Outcomes will be assessed at baseline, upon completion of the intervention and at six months following the interven-
tion by a blinded assessor. The primary outcome is endurance time on a constant work rate test. Secondary outcomes
are functional capacity (6-min walk distance), health-related quality of life (Chronic Respiratory Disease Questionnaire
(CRQ), St George's Respiratory Questionnaire idiopathic pulmonary fibrosis specific version (SGRQ-I), breathlessness
(Dyspnoea 12, Modified Medical Research Council Dyspnoea Scale), fatigue (fatigue severity scale), anxiety (Hospital
Anxiety and Depression Scale), physical activity level (GeneActiv), skeletal muscle changes (ultrasonography) and
completion and adherence to pulmonary rehabilitation.

Discussion: The standard exercise training strategies used in pulmonary rehabilitation may not provide an optimal
exercise training stimulus for people with interstitial lung disease. This study will determine whether high intensity
interval training can produce equivalent or even superior changes in exercise performance and symptoms. If high
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intensity interval training proves effective, it will provide an exercise training strategy that can readily be implemented
into clinical practice for people with interstitial lung disease.

Trial registration ClinicalTrials.gov Registry (NCT03800914). Registered 11 January 2019, https://clinicaltrials.gov/ct2/

Australian New Zealand Clinical Trials Registry ACTRN12619000019101. Registered 9 January 2019, https://www.
anzctr.org.au/Trial/Registration/TrialReview.aspx?id=376050&isReview=true
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Background

Interstitial lung disease (ILD) encompasses a large group
of over 200 debilitating chronic lung conditions that
share similar clinical, radiological, histopathological and
pathogenetic features and are typically associated with
chronic inflammation and fibrosis of lung tissue [1, 2].
Regardless of aetiology, people with ILD often suffer
from dyspnoea, fatigue, anxiety, depression, cough, and
reduced exercise tolerance. These symptoms are often
debilitating and substantially affect health-related quality
of life (HRQoL) [3, 4]. Fibrotic ILD (fILD) is a subset of
patients where lung pathology is characterised by fibrosis
[5, 6]. Some fibrotic ILDs are progressive and associated
with a particularly poor prognosis, such as idiopathic
pulmonary fibrosis (IPF), the most common and proto-
typical form of fILD [2]. Other ILD subtypes can develop
a progressive fibrosing phenotype and have a similar
clinical behaviour to IPF such as idiopathic nonspecific
interstitial pneumonia (NSIP), unclassifiable idiopathic
interstitial pneumonia (IIP), connective tissue ILD (CTD-
ILD) (primarily rheumatoid arthritis (RA)-ILD), chronic
hypersensitivity pneumonitis (HP), asbestosis and sili-
cosis [1, 7, 8]. Fibrotic ILD represents a large portion of
all ILDs, and people with fILDs typically have more pro-
found dyspnoea, greater physical impairment and disabil-
ity and a poorer prognosis than those with other types of
ILD[1,5,7,8].

There is an accumulation of robust evidence to indi-
cate pulmonary rehabilitation (PR) is an effective and
key intervention in ILD. A Cochrane review involv-
ing the meta-analysis of 22 randomised controlled tri-
als (RCTs) of PR in ILD [9] found that PR significantly
improved functional capacity, HRQoL and dyspnoea.
These improvements are comparable in IPF and other
ILDs, suggesting PR is effective regardless of aetiology
[9]. In addition, current international guidelines sup-
port the inclusion of people with ILD in PR [10]. Despite
this compelling evidence for the benefits of PR in ILD,
the optimal exercise training strategy for people with
ILD still needs to be explored. In our earlier RCT assess-
ing the effectiveness of exercise training, utilising the
standard PR method of continuous training at moderate

intensity, in 142 people with ILD of varying aetiologies
[11], less than half of the participants achieved a clini-
cally meaningful improvement in 6-min walk distance
(6MWD) following PR [12]. Furthermore, whilst benefits
of PR were greatest in individuals who were able to pro-
gress the intensity and duration of their exercise train-
ing [11], successful progression occurred in only 40% of
patients [13], the majority of whom had diagnoses other
than IPF [13]. Therefore, current exercise training strate-
gies in PR may not be well suited to people with ILD, par-
ticularly those with fILD such as IPE.

Impaired exercise tolerance is a well-known, prominent
feature of ILD. In ILD, exercise intolerance is associated
with gas exchange impairment and circulatory dysfunc-
tion. Probable causes include destruction and remodel-
ling of the pulmonary-capillary vascular bed resulting
in reduced diffusing capacity, ventilation perfusion mis-
match and pulmonary hypertension. As consequence,
people with ILD often present with arterial hypoxemia
that worsens during exercise [14—16]. Skeletal muscle
dysfunction also contributes to impaired exercise toler-
ance either due physical deconditioning, increased mus-
cle oxidative stress, arterial hypoxaemia, systemic disease
related manifestations and corticosteroids [16—20]. Peo-
ple with fILD tend to experience more severe diffusion
limitation, greater exercise induced oxyhaemoglobin
desaturation and have more severe pulmonary hyper-
tension compared to those with other ILDs [14, 16, 21,
22]. Therefore, those with fILD often demonstrate a
greater limitation to exercise and more profound exer-
tional dyspnoea. These pathophysiological mechanisms
of exercise limitation that are accentuated in fILD may
limit patients’ ability to adhere to continuous training
or to train at a high enough exercise intensity to achieve
physiological benefits, therefore resulting in less favour-
able outcomes.

High intensity interval training (HIIT) may serve as
an alternative exercise training regimen to the moder-
ate intensity continuous training (MICT) method typi-
cally used in PR. High intensity interval training involves
repeated intermittent bursts of high intensity exercise,
interspersed by periods of rest or low-intensity exercise
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[23]. The exercise intervals may be performed at higher
intensities than tolerated by continuous training, allow-
ing for an increased training stimulus to peripheral
muscles without overloading the cardiorespiratory sys-
tem [23, 24].The alternating exercise and recovery bouts
may also provide intermittent relief from the ventilatory
demand of exercise [24], and may reduce the impact of
circulatory dysfunction and gas exchange impairment
that is often present in those with ILD [14-16]. High
intensity interval training has been shown to be effec-
tive at improving cardiometabolic health across a range
of populations including healthy individuals, people with
diabetes, cardiac disease, and heart failure [23, 25, 26].

In chronic obstructive pulmonary disease (COPD),
meta-analyses concluded HIIT was equally effective as
continuous training in producing beneficial physiologi-
cal change and improvement in HRQoL [27-29]. Addi-
tionally, in some studies HIIT was found to be associated
with less leg discomfort [30—32], less dyspnoea [30-32]
and greater adherence [33] when compared to continu-
ous training. In ILD, there is little evidence on the ben-
efit of HIIT. One small feasibility study comparing the
efficacy of HIIT vs continuous training in ILD of varying
aetiology provided preliminary evidence (n=36) that
HIIT is as effective as continuous training [34], although
the duration of intervals varied among HIIT partici-
pants. Interestingly in their subgroup analysis, HIIT was
found to be more effective in patients with IPF, although
the sample size was small (approximately n=12) [34].
This preliminary evidence suggests HIIT may be a more
achievable method for people with fILD to attain the
recommended exercise training intensity that promotes
health-enhancing benefit. A robust, high quality trial is
necessary to establish whether HIIT is an effective exer-
cise training strategy in fILD.

The primary aim of this study is to compare the clini-
cal benefits of HIIT vs MICT in people with fILD. We
hypothesise that HIIT will deliver clinically significant
improvements in exercise endurance (primary outcome),
symptoms and HRQoL, which are superior to those
achieved with the MICT method typically used in PR.

Methods

Design

A randomised, controlled, assessor-blinded trial com-
paring HIIT to the typical PR method of MICT will be
conducted at four metropolitan sites in Australia (Alfred
Health and Austin Health in Melbourne, The Prince
Charles Hospital in Brisbane, and Royal Prince Alfred
Hospital in Sydney). Participants with fILD will be rand-
omized into two groups. Group 1: PR using the standard
MICT method and Group 2: PR receiving HIIT. Partici-
pants will be followed up for six months following the
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completion of the allocated 8-week intervention. This
six month follow-up period is clinically feasible in fILD
without excessive loss to follow up due to transplanta-
tion or death [11, 35]. The study protocol (version 5, 19
March 2019) has been approved by the Alfred Hospital
Human Research ethics committee with governance
approval obtained from all participating sites (Alfred
Hospital, Austin Hospital, Royal Prince Alfred Hospital
and The Prince Charles Hospital). The study design fol-
lows the Standard Protocol Items: Recommendations
for Interventional Trials (SPIRIT) checklist (see online
supplemental file 1) [36]. The trial is registered at anzctr.
org.au (ACTRN12619000019101) and ClinicalTrials.gov
(NCT03800914).

Participants

People with fILD who receive care at the participating
sites will be invited to participate. Patients will be eligi-
ble for inclusion if they are (1) > 18 years of age, (2) able
to read and speak English and (3) have a physician-con-
firmed diagnosis of fILD via high-resolution computed
tomography or histology such as IPF, CTD-ILD, HP,
fibrotic NSIP, unclassifiable IIP, dust related lung disease
or sarcoidosis. People with fILD make up a significant
portion of all ILDs and are associated with a significant
disease burden (5). Patients with these conditions may be
unable to sustain MICT for long durations (15-30 min)
possibly due to exertional dyspnoea and exercise induced
desaturation [13].

Participants will be excluded if they have (1) a resting
oxyhemoglobin saturation (SpO,) on room air<85%;
any absolute contraindication to performance of a car-
diopulmonary exercise test (CPET) [37]; (2) severe
pulmonary hypertension (mean pulmonary arterial pres-
sure>55 mmHg; World Health Organization (WHO)
class IV); (3) attended PR within the last six months; (4)
any comorbidities that would preclude exercise train-
ing or assessments; (5) a history of syncope on exertion;
(6) significant cognitive impairment; (7) admission to an
acute care hospital within the last 30 days or (8) if there
is anticipated transplantation or death within the study
period.

Recruitment and randomisation

Potential participants will be identified by (1) their treat-
ing physician or ILD nurses when attending the respira-
tory medicine clinic or (2) when they are referred to PR
program at the participating sites. Eligible participants
will be provided with written and verbal information
about the study from a clinician and/or a researcher.
Patients will be informed that participation in the study is
voluntary and their decision regarding participation will
have no effect on their treatment, their relationship with
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their healthcare team or any other healthcare require-
ments. All participants will provide written informed
consent.

Following the completion of the baseline assessments,
patients will be randomly allocated to receive MICT or
HIIT using a computer generated, permuted block ran-
domisation scheme stratified for (i) SpO, < or>90% dur-
ing 6-min walk test (6MWT) on room air, to ensure that
those who desaturate are evenly distributed between the
intervention and control group, and (ii) site of recruit-
ment. Sequence generation will be performed by an indi-
vidual independent of the research team and the group
allocation will be concealed using a secure online data-
base. An independent assessor, blinded to group allo-
cation, will perform the outcome assessments at each
timepoint. Given the physical nature of the intervention
(exercise training) participants will not be blinded to
group allocation. The flow of participants through the
study will be reported according to the recommendations
from the Consolidated Standards of Reporting Trials
statement [38] and is outlined in Fig. 1.

Interventions

Participants in both groups will undergo a standard
8-week twice-weekly supervised PR at the centre where
they were recruited. Each session will consist of lower
limb aerobic training plus upper and lower limb resist-
ance training exercises. The intensity (high versus moder-
ate) and the type (continuous versus interval) of aerobic
exercise training will differ between the two intervention
groups.

Moderate intensity continuous training

Participants will perform 30 min of continuous aero-
bic exercise on a cycle ergometer each session. This can
be completed in one or more bouts (e.g., 3 x 10 min,
2 x 15 min, or 1 x 30 min) as tolerated by the participant.
The initial intensity of the stationary cycling will be set
at the work rate equivalent to 60% of the peak work rate
(Wpeak) achieved on the CPET [39, 40]. This approach
represents the current standard practice for exercise
training in PR programs for chronic lung disease [40—43].

High intensity interval training

Participants will perform 36 min of stationary cycling
alternating 30-s exercise intervals at 100% of Wpeak
achieved during a CPET, with 30 s unloaded pedalling
or rest. Similarly, this can be performed in one or more
bouts (e.g., 1 x 36 min, 2 x 18 min or 3 x 12 min) as tol-
erated by the participant. Informed by our pilot study,
this interval format attenuated exertional desaturation
and was associated with a similar symptom, oxygen con-
sumption (VO,) and heart rate response when compared
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to moderate intensity continuous exercise [44] The vol-
ume of exercise, calculated as the product of exercise
time and percentage of Wpeak, for HIIT which is 18 min
at 100% Wpeak, is work-matched with the MICT volume
of exercise of 30 min at 60% peak.

Exercise training and weekly progressions will be stand-
ardised across all sites. The intensity of cycle training will
be progressed gradually over the 8-week period, as toler-
ated, based on patient symptoms, towards an overall 20%
increase in work rate for both training groups. The resist-
ance program for both groups will comprise at least two
upper-body and two lower-body exercises, initially set at
a load to achieve 8—12 repetitions for 2 sets of each exer-
cise [41]. All participants will be encouraged to perform
three additional unsupervised home-based sessions each
week which will be documented in a home diary that is
reviewed weekly by the supervising clinician. The home
exercise sessions will include walking or cycling depend-
ant on equipment availability and patient preference and
strengthening activities utilising equipment readily avail-
able in the home environment. Supplemental oxygen will
be provided during training if the participant is on long
term and/or ambulatory oxygen therapy or if SpO, on
room air is less than 85% whilst exercising and is accom-
panied by symptoms and signs of severe hypoxemia. Sup-
plemental oxygen will be used during home exercise in
participants prescribed long term or ambulatory oxygen
therapy.

Outcome measures

Outcome measures will be collected at baseline, upon
completion of the 8-week intervention period, and at six
months follow up by an assessor who is blinded to the
group allocation. At baseline, a symptom limited incre-
mental cycle test (CPET) according to the international
standardised protocol [37] will be performed (1) to estab-
lish a work rate for the constant work rate test (CWRT)
and (2) to set the exercise training intensity for both
groups at a percentage of the Wpeak. Data collection will
also include age, sex, body mass index, past medical his-
tory, use of oxygen therapy, and current pharmacological
treatment. Spirometry, completed as per usual care, will
be collected at baseline and six months to document dis-
ease progression.

Primary outcome

The primary outcome is change in endurance time
measured using the CWRT on a cycle ergometer at 80%
of Wpeak achieved on a baseline CPET according to
the standardised criteria [37, 45, 46]. All tests will be
performed on room air. The CWRT will be terminated
before volitional symptom limitation if SpO,<78%.
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Post PR follow up (n=)
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|
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6 month follow up (n=)
Reasons for loss at follow up (n=)

6 month follow up (n=)
Reasons for loss at follow up (n=)

Data analysis based on intention
to treat

Fig. 1 Study Flow. 6MWT, 6-min walk test; HIIT, high intensity interval training; MICT moderate intensity continuous training; PR pulmonary

rehabilitation; SpO2 oxyhaemoglobin saturation

Endurance time is considered the most responsive
outcome for evaluating exercise-related physiological
changes following therapeutic interventions in COPD

[45-47] and IPF [48].

Secondary outcomes
Change in functional exercise capacity will be assessed
using the 6MWD, obtained from 6MWT. The 6MWD

is responsive to change following exercise training in
ILD [49]. Two tests will be conducted at each time
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point, according to international standards [49], to con-
trol for the known learning effect with the best distance
recorded [49]. Supplemental oxygen will be used during
the 6MW Ts in those participants already receiving oxy-
gen therapy with flow rates held constant for subsequent
tests.

Health related quality of life (HRQoL) will be measured
using the St George’s Respiratory Questionnaire IPF spe-
cific version (SGRQ-I), and the Chronic Respiratory Dis-
ease Questionnaire (CRQ). Both the CRQ and SGRQ-I
have been validated in ILD and are responsive to change
following exercise training [9, 50].

The Dyspnoea-12 and Modified Medical Research
Council (mMRC) dyspnoea scale will be used to assess
change in dyspnoea. The Dyspnea-12 assesses breathless-
ness severity incorporating both the physical and emo-
tional components and has demonstrated reliability in
ILD [51-53]. The mMRC is a single five-point scale used
to measure the degree of disability that breathlessness
poses on day-to-day activities and is a valid measure of
dyspnoea and symptom severity in ILD [54-56]. Change
in fatigue will be measured using the Fatigue Severity
Scale (FSS). The FSS is a valid, sensitive measure in ILD
with responsiveness to change following exercise training
[57, 58]. Anxiety and Depression will be evaluated using
the Hospital Anxiety and Depression Scale (HADS), a
validated and widely used tool for assessing psychological
distress [59, 60].

Cross-sectional area of the quadriceps will be meas-
ured by B-mode ultrasonography to assess changes in
muscle size. Ultrasonography is a valid and reliable non-
invasive method to measure quadriceps muscle size [61]
and it has previously used to measure quadriceps cross-
sectional area in COPD and ILD patients [17, 62, 63].

Sedentary behaviour and time spent in physical activ-
ity of various intensities (light, moderate, vigorous) will
be measured by the GENEActiv actiwatch (Activinsights
Ltd, Kimbolton, Cambridgeshire, United Kingdom), a
wrist-worn, waterproof, tri-axial accelerometer with
demonstrated validity in measuring physical activity
energy expenditure in IPF [64]. Participants will wear the
GENEActiv actiwatch continually for 7 days in order to
accurately capture all activity intensities [65].

A global rating of change scale will be used to assess
the participants’ self-perceived improvement or dete-
rioration in their symptoms and walking ability upon
completion of the intervention [66]. The proportion
of participants who a) complete the program and b)
adhere to the planned exercise protocol will be compared
between MICT and HIIT at eight weeks. Attendance of
at least 75% of planned sessions will be defined as com-
pletion of the intervention [67]. Serious adverse events
will be monitored and recorded prospectively during
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the duration of the study. Adverse events will be defined
as progression of fILD (acute respiratory deterioration,
development of resting hypoxaemia); acute exacerbation
of fILD, musculoskeletal injury, lower limb pain, faint-
ing, dizziness, chest pain, hospitalization; or death. Par-
ticipants who experience an adverse event will receive all
necessary medical care from their local health care team.

Sample size

A total of 122 participants (61 per group) will be required
to detect a clinically important difference between groups
for the primary outcome measure of exercise endurance
in the CWRT, with 80% power, and at the two-sided 5%
level. This is based on the intermediate boundary (150 s)
of the mean important difference range for the CWRT
(SD=292 s) [46, 68]. We will also be powered for the
secondary outcome of HRQoL measured by the SGRQ-I
based on data from our previous RCT of exercise train-
ing in ILD [11]. For HRQoL, a total of 114 participants
are required to detect a mean difference of 6 points in
SGRQ-I total score (SD=11.3 points). In our previous
trial, we had 5% attrition at completion of exercise train-
ing and 12% attrition at six months follow up [11]. There-
fore, we will randomise a total of 130 participants, split
evenly between groups.

Statistical analysis

Continuous outcome variables will be analysed using
linear mixed models, controlling for recruitment site
and baseline values as required. All data will be analysed
by intention to treat, with inclusion of all available data
regardless of whether the intervention is completed. The
proportion of participants who completed the program,
adhered to the exercise training protocol and had an
adverse event will be compared between groups using a
chi-squared test. Alpha will be set at 0.05.

Data integrity, management and monitoring

Hardcopy original data collection forms will be kept in
a locked filing cabinet within a locked office. Electronic
data will be stored in a purpose-built on-line database
(www.adeptrs.com), with encryption and password pro-
tection. No identifying information will be stored in the
online database. Electronic data for all sites will be acces-
sible by the principal investigator and the trial coordina-
tor. Site specific investigators will only have access to data
relating to their individual site. The trial will be moni-
tored by an independent Data Safety and Monitoring
Committee (DSMB), chaired by a respiratory physician
who is independent of the study team and trial sites. Any
serious adverse events will be notified to the overseeing
ethics committee (Alfred Health) and the relevant site
governance committee, as well as to the DSMB.
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Discussion

Fibrotic ILD is a debilitating condition associated with
significant dyspnoea, fatigue, and poor exercise toler-
ance. Considerable evidence exists that demonstrates
PR is an effective intervention that can positively impact
these aspects, yet a substantial proportion of participants
are not achieving these benefits [12]. Optimising the
exercise training approach for people with fILD ensures a
greater proportion will achieve the health benefits associ-
ated with PR.

Currently the optimal exercise training strategy for
people with fILD remains unknown. HIIT however offers
promise. The basic premise of HIIT is that individuals
are able to exercise at a higher intensity, albeit in short,
repeated bouts, providing a greater training stimulus,
particularly to the peripheral muscles, without increasing
breathlessness or fatigue [23, 24, 28] potentially leading
to superior physiological improvements. [28]. In COPD,
despite marked heterogeneity in training volume, inter-
val duration and intensity among protocols, HIIT was
found to be equally effective to continuous training for
improving functional capacity and HRQoL [27, 28, 69]
whilst potentially inducing less symptoms of dyspnoea
and leg discomfort [31, 32]. In ILD, the evidence for HIIT
is limited to one feasibility study with a small sample size
and variable intervals among participants [34]. This will
be the first RCT to compare the clinical benefits of HIIT
vs the commonly used method of MICT over the course
of an 8-week PR program in people with fILD. A large
sample size with recruitment across four sites, a diverse
spectrum of meaningful outcomes that aim to cap-
ture endurance and functional exercise capacity, symp-
toms, muscles changes and daily activity, and a volume
matched exercise protocol that is standardized across all
the participating sites will ensure an impactful and high
quality study.

This study will provide invaluable insight into the
benefit of HIIT in fILD. The findings will demonstrate
whether HIIT can produce equivalent or even supe-
rior improvements in exercise tolerance, symptoms and
HRQoL to that of MICT in people with fILD. If HIIT
proves successful, it will provide an important, readily
available, exercise training strategy that can maximise the
outcomes of PR for people with fILD.

Trial status
Recruitment commenced in July 2019.

Abbreviations

6MWD: 6-Minute walk distance; 6MWT: 6-Minute walk test; CWRT: Constant
work rate test; COPD: Chronic obstructive pulmonary disease; CPET: Cardiopul-
monary exercise test; CRQ: Chronic respiratory disease questionnaire; CTD-ILD:
Connective tissue related ILD; DSMB: Data Safety and Monitoring Commit-
tee; FSS: Fatigue severity scale; fILD: Fibrotic interstitial lung disease; HADs:

Page 7 of 9

Hospital Anxiety and Depression Scale; HIIT: High intensity interval training;
HP: Hypersensitivity pneumonitis; HRQoL: Health-related quality of life; IIP:
Unclassifiable idiopathic interstitial pneumonia; ILD: Interstitial lung disease;
IPF: Idiopathic pulmonary fibrosis; mMRC: Modified Medical Research Council;
MICT: Moderate intensity continuous training; PR: Pulmonary rehabilitation;
RA: Rheumatoid arthritis; RCT: Randomised controlled trial; SD: Standardised
deviation; SpO,: Oxygen saturation; SGRQ-I: St George’s Respiratory Question-
naire idiopathic pulmonary fibrosis specific version; VO,: Oxygen consump-
tion; Wpeak: Peak work rate; WHO: World Health Organisation.

Acknowledgements

The authors would like to acknowledge the contributions of the members of
the Exercise and Cardiovascular Physiology Department at Baker Heart and
Diabetes Institute and the Respiratory and Sleep Medicine Departments at
Austin Health, Royal Prince Alfred Hospital and The Prince Charles Hospital,
who were responsible for conducting the cardiopulmonary exercise tests.

Authors’ contributions

LMD, AEH conceived the study and procured the funding. AEH as chief inves-
tigator has oversight for the trial and LMD as principal investigator, manages
the conduct of the trial. AKM produced the first draft of this manuscript. All
authors (LMD, AKM, CJH, JB, LS, NRM, JAA, JW, NSG, TC, IG, DCC, CFM, AEH)
provided input on the study design and production of the final manuscript.
All authors (LMD, AKM, CJH, JB, LS, NRM, JAA, JW, NSG, TC, IG, DCC, CFM, AEH)
will contribute to participant recruitment, intervention delivery, data collec-
tion or analysis, and will provide input on manuscript preparation. All authors
(LMD, AKM, CJH, JB, LS, NRM, JAA, JW, NSG, TC, IG, DCC, CFM, AEH) read and
approved the final manuscript.

Funding

This trial received grant funding from National Health and Medical Research
Council (NHMRC) Centre of Research Excellence in Pulmonary Fibrosis, Insti-
tute for Breathing and Sleep and The Lung Foundation Australia (Lizotte Fam-
ily Grant). The funding bodies played no role in the design of the study and
collection, analysis, and interpretation of data and in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval for this study was granted by the Alfred Health Human
Research Ethics Committee (Project: 46405 (Local reference: 542/18) in
November 2018 with governance approvals received from each of the partici-
pating sites (Austin Health SSA/46405/Austin/2019; Royal Prince Alfred Hospi-
tal SSA/19/RPAH/110; The Princes Charles Hospital; SSA/2019/QPCH?46405).
Written informed consent will be obtained from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Respiratory Research @ Alfred, Central Clinical School, Monash University,
Melbourne, VIC, Australia. “Department of Respiratory and Sleep Medicine,
Austin Health, Heidelberg, VIC, Australia. *Department of Physiotherapy,
Austin Health, Heidelberg, VIC, Australia. *Institute for Breathing and Sleep,
Melbourne, VIC, Australia. *Institute for Physical Activity and Nutrition (IPAN),
School of Exercise and Nutrition Sciences, Deakin University, Geelong, VIC,
Australia. °Department of Physiotherapy, Alfred Health, Melbourne, VIC,
Australia. ’Department of Physiotherapy, Royal Prince Alfred Hospital, Sydney,
NSW, Australia. 8School of Health Sciences and Social Work, The Hopkins
Centre, Menzies Health Institute Queensland, Griffith University, Gold Coast,
QLD, Australia. °Metro North Hospital and Health Service, The Prince Charles
Hospital, Allied Health Research Collaborative, Chermside, QLD, Australia.
19Allied Health Professorial Unit, Sydney Local Health District, Sydney, NSW,



Dowman et al. BMC Pulm Med

(2021) 21:361

Australia. '"Faculty of Medicine and Health Science, Sydney School of Health
Sciences, University of Sydney, Sydney, NSW, Australia. '?Department

of Respiratory Medicine, Alfred Hospital, Melbourne, VIC, Australia. *Mel-
bourne Medical School, University of Melbourne, Melbourne, VIC, Australia.
“Department of Respiratory Medicine, Royal Prince Alfred Hospital, Sydney,
NSW, Australia. '>Central Clinical School, University of Sydney, Sydney, NSW,
Australia. "®NHMRC Centre of Research Excellence in Pulmonary Fibrosis, Syd-
ney, NSW, Australia. '/ Central Clinical School, Monash University, Melbourne,
VIC, Australia. '®School of Medicine, University of Queensland, Brisbane, QLD,
Australia. "Queensland Lung Transplant Service, The Prince Charles Hospital,
Brisbane, QLD, Australia.

Received: 7 October 2021 Accepted: 20 October 2021
Published online: 10 November 2021

References

1.

Cottin V, Hirani NA, Hotchkin DL, Nambiar AM, Ogura T, Otaola M,

et al. Presentation, diagnosis and clinical course of the spectrum

of progressive-fibrosing interstitial lung diseases. Eur Respir Rev.
2018,;27(150):180076.

Cottin V, Wollin L, Fischer A, Quaresma M, Stowasser S, Harari S. Fibros-
ing interstitial lung diseases: knowns and unknowns. Eur Respir Rev.
2019;28(151):180100.

De Vries J, Drent M. Quality of life and health status in interstitial lung
diseases. Curr Opin Pulm Med. 2006;12(5):354-8.

Madison JM, Irwin RS. Chronic cough in adults with interstitial lung
disease. Curr Opin Pulm Med. 2005;11(5):412-6.

Johannson KA, Chaudhuri N, Adegunsoye A, Wolters PJ. Treatment of
fibrotic interstitial lung disease: current approaches and future directions.
Lancet. 2021. https://doi.org/10.1016/50140-6736(21)01826-2.
Spagnolo P, Ryerson CJ, Putman R, Oldham J, Salisbury M, Sverzellati N,
et al. Early diagnosis of fibrotic interstitial lung disease: challenges and
opportunities. Lancet Respir Med. 2021;9(9):1065-76.

Kolb M, Vasakova M. The natural history of progressive fibrosing intersti-
tial lung diseases. Respir Res. 2019;20(1):57.

Wong AW, Ryerson CJ, Guler SA. Progression of fibrosing intersti-

tial lung disease. Respir Res. 2020;21(1):32. https://doi.org/10.1186/
$12931-020-1296-3.

Dowman L, Hill CJ, May A, Holland AE. Pulmonary rehabilitation for inter-
stitial lung disease. Cochrane Database Syst Rev. 2021;2(2):CD006322.
https://doi.org/10.1002/14651858.CD006322.pub4.

Bolton CE, Bevan-Smith EF, Blakey JD, Crowe P, Elkin SL, Garrod R, et al.
British Thoracic Society guideline on pulmonary rehabilitation in adults.
Thorax. 2013;68 Suppl 2:ii1-30.

. Dowman LM, McDonald CF, Hill CJ, Lee AL, Barker K, Boote C, et al. The

evidence of benefits of exercise training in interstitial lung disease: a
randomised controlled trial. Thorax. 2017;72(7):610-9.

Dowman L, McDonald CF, Hill C, Lee AL, Burge AT, Holland A. Achieving
the minimal important difference following exercise in ILD. TSANZ Oral
Present Respirol. 2018;23(S1):21-103. https://doi.org/10.1111/resp.13267.
Nakazawa A, Dowman LM, Cox NS, McDonald CF, Hill CJ, Lee AL, et al.
Factors predicting progression of exercise training loads in people with
interstitial lung disease. ERJ Open Res. 2019;5(4):00245-2018.

Agusti AG, Roca J, Gea J, Wagner PD, Xaubet A, Rodriguez-Roisin R.
Mechanisms of gas-exchange impairment in idiopathic pulmonary
fibrosis. Am Rev Respir Dis. 1991;143(2):219-25.

Hansen JE, Wasserman K. Pathophysiology of activity limitation in
patients with interstitial lung disease. Chest. 1996;109(6):1566-76.
Holland AE. Exercise limitation in interstitial lung disease—mechanisms,
significance and therapeutic options. Chron Respir Dis. 2010;7(2):101-11.
Mendes P, Wickerson L, Helm D, Janaudis-Ferreira T, Brooks D, Singer

LG, et al. Skeletal muscle atrophy in advanced interstitial lung disease.
Respirology. 2015;20(6):953-9.

Couillard A, Maltais F, Saey D, Debigaré R, Michaud A, Koechlin C, et al.
Exercise-induced quadriceps oxidative stress and peripheral muscle
dysfunction in patients with chronic obstructive pulmonary disease. Am J
Respir Crit Care Med. 2003;167(12):1664-9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

Page 8 of 9

Koechlin C, Couillard A, Simar D, Cristol JP, Bellet H, Hayot M, et al. Does
oxidative stress alter quadriceps endurance in chronic obstructive pul-
monary disease? Am J Respir Crit Care Med. 2004;169(9):1022-7.
Panagiotou M, Polychronopoulos V, Strange C. Respiratory and lower
limb muscle function in interstitial lung disease. Chron Respir Dis.
2016;13(2):162-72.

Risk C, Epler GR, Gaensler EA. Exercise alveolar-arterial oxygen pressure
difference in interstitial lung disease. Chest. 1984;85(1):69-74.

Agusti AG, Roca J, Rodriguez-Roisin R, Xaubet A, Agusti-Vidal A. Different
patterns of gas exchange response to exercise in asbestosis and idi-
opathic pulmonary fibrosis. Eur Respir J. 1988;1(6):510-6.

Gibala MJ, Little JP, Macdonald MJ, Hawley JA. Physiological adaptations
to low-volume, high-intensity interval training in health and disease. J
Physiol. 2012;590(5):1077-84.

Kortianou EA, Nasis IG, Spetsioti ST, Daskalakis AM, Vogiatzis I. Effective-
ness of interval exercise training in patients with COPD. Cardiopulm Phys
Ther J.2010;21(3):12-9.

Jelleyman C, Yates T, O'Donovan G, Gray LJ, King JA, Khunti K, et al. The
effects of high-intensity interval training on glucose regulation and
insulin resistance: a meta-analysis. Obes Rev. 2015;16(11):942-61.
Liubaoerjijin Y, Terada T, Fletcher K, Boulé NG. Effect of aerobic exercise
intensity on glycemic control in type 2 diabetes: a meta-analysis of head-
to-head randomized trials. Acta Diabetol. 2016;53(5):769-81.
Beauchamp MK, Nonoyama M, Goldstein RS, Hill K, Dolmage TE,

Mathur S, et al. Interval versus continuous training in individuals with
chronic obstructive pulmonary disease-a systematic review. Thorax.
2010,65(2):157-64.

Ross LM, Porter RR, Durstine JL. High-intensity interval training (HIIT) for
patients with chronic diseases. J Sport Health Sci. 2016;5(2):139-44.
Elkins MR, Dwyer TJ. Interval and continuous training are similarly
effective in chronic obstructive pulmonary disease. Br J Sports Med.
2011,45(2):155-6.

Vogiatzis |, Nanas S, Kastanakis E, Georgiadou O, Papazahou O, Roussos C.
Dynamic hyperinflation and tolerance to interval exercise in patients with
advanced COPD. Eur Respir J. 2004;24(3):385-90.

Vogiatzis I, Nanas S, Roussos C. Interval training as an alternative
modality to continuous exercise in patients with COPD. Eur Respir J.
2002;20(1):12-9.

Vogiatzis |, Terzis G, Nanas S, Stratakos G, Simoes DC, Georgiadou O, et al.
Skeletal muscle adaptations to interval training in patients with advanced
COPD. Chest. 2005;128(6):3838-45.

Puhan MA, Busching G, Schunemann HJ, VanOort E, Zaugg C, Frey

M. Interval versus continuous high-intensity exercise in chronic
obstructive pulmonary disease: a randomized trial. Ann Intern Med.
2006;145(11):816-25.

Nikoletu D, Lech C, McNaughton I, Aul R, Chis-Ster |, Jones PW. High
intensity interval versus moderate intensity continuous training in a
pulmonary rehabilitation programme for patients with interstitial lung
disease. B109 HIGHLIGHTS AND ADVANCES IN PULMONARY REHABILITA-
TION. American Thoracic Society International Conference Abstracts:
American Thoracic Society; 2016. p. A4520-A.

Holland AE, Hill CJ, Conron M, Munro P, McDonald CF. Short term
improvement in exercise capacity and symptoms following exercise
training in interstitial lung disease. Thorax. 2008;63(6):549-54.

Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gatzsche PC, Krleza-Jeri¢ K,
et al. SPIRIT 2013 statement: defining standard protocol items for clinical
trials. Ann Intern Med. 2013;158(3):200-7.

American Thoracic Society; American College of Chest Physicians. ATS/
ACCP Statement on cardiopulmonary exercise testing. Am J Respir Crit
Care Med. 2003;167(2):211-77.

Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: updated
guidelines for reporting parallel group randomised trials. BMJ.
2010;340:c332.

Spruit MA, Singh SJ, Garvey C, ZuWallack R, Nici L, Rochester C, et al. An
official American Thoracic Society/European Respiratory Society state-
ment: key concepts and advances in pulmonary rehabilitation. Am J
Respir Crit Care Med. 2013;188(8):e13-64.

Alison J, Barrack C, Cafarella P, Frith P, Hanna C, Hill CJ, Holland AE, Jenkins
S, Meinhardt J, McDonald CF, McKeough Z, Patman S, Ross J, Seale H,
Shoemaker C, Spencer L, Allan H, Banks S, Barrett S, Beeley H, Blake J,
Boden |, Cecins N, Cockram J, Herd K, Hill K, Langdon C, Lee AL, Leung R,


https://doi.org/10.1016/S0140-6736(21)01826-2
https://doi.org/10.1186/s12931-020-1296-3
https://doi.org/10.1186/s12931-020-1296-3
https://doi.org/10.1002/14651858.CD006322.pub4
https://doi.org/10.1111/resp.13267

Dowman et al. BMC Pulm Med (2021) 21:361

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

McNamara R, Pulmonary rehabilitation toolkit. http://www.pulmonaryr
ehab.com.au.

Dowman LM, May AK. Best practice approach for interstitial lung disease
in the rehabilitation setting. J Clin Exerc Physiol. 2020,9(2):67-82.
Nakazawa A, Cox NS, Holland AE. Current best practice in rehabilitation in
interstitial lung disease. Ther Adv Respir Dis. 2017;11(2):115-28.

Wouters EFM, Posthuma R, Koopman M, Liu W-Y, Sillen MJ, Hajian B,

et al. An update on pulmonary rehabilitation techniques for patients
with chronic obstructive pulmonary disease. Expert Rev Respir Med.
2020;14(2):149-61.

Dowman LM, May AK, Cox NS, Morris NR, Nakazawa A, Parker L, et al.
Attenuation of exertional desaturation and preference for interval
exercise compared to continuous exercise in people with interstitial lung
disease. Respirology. 2021. https://doi.org/10.1111/resp.14159.

Palange P, Ward SA, Carlsen KH, Casaburi R, Gallagher CG, Gosselink R,

et al. Recommendations on the use of exercise testing in clinical practice.
Eur Respir J. 2007;29(1):185-209.

Puente-Maestu L, Palange P, Casaburi R, Laveneziana P, Maltais F, Neder
JA, et al. Use of exercise testing in the evaluation of interventional effi-
cacy: an official ERS statement. Eur Respir J. 2016;47(2):429-60.
Puente-Maestu L, Villar F, de Miguel J, Stringer WW, Sanz P, Sanz ML, et al.
Clinical relevance of constant power exercise duration changes in COPD.
Eur Respir J. 2009;34(2):340-5.

Arizono S, Taniguchi H, Sakamoto K, Kondoh Y, Kimura T, Kataoka K; et al.
Endurance time is the most responsive exercise measurement in idi-
opathic pulmonary fibrosis. Respir Care. 2014;59(7):1108-15.

Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, et al. An
official European Respiratory Society/American Thoracic Society technical
standard: field walking tests in chronic respiratory disease. Eur Respir J.
2014,44(6):1428-46.

Puhan MA, Guyatt GH, Goldstein R, Mador J, McKim D, Stahl E, et al.
Relative responsiveness of the Chronic Respiratory Questionnaire, St.
Georges Respiratory Questionnaire and four other health-related quality
of life instruments for patients with chronic lung disease. Respir Med
2007;101(2):308-16.

Swigris JJ, Yorke J, Sprunger DB, Swearingen C, Pincus T, du Bois RM, et al.
Assessing dyspnea and its impact on patients with connective tissue
disease-related interstitial lung disease. Respir Med. 2010;104(9):1350-5.
Yorke J, Moosavi SH, Shuldham C, Jones PW. Quantification of dyspnoea
using descriptors: development and initial testing of the Dyspnoea-12.
Thorax. 2010;65(1):21-6.

Yorke J, Swigris J, Russell AM, Moosavi SH, Ng Man Kwong G, Longshaw
M, et al. Dyspnea-12 is a valid and reliable measure of breathlessness in
patients with interstitial lung disease. Chest. 2011;139(1):159-64.

Mahler DA, Harver A, Rosiello R, Daubenspeck JA. Measurement of
respiratory sensation in interstitial lung disease. Evaluation of clinical
dyspnea ratings and magnitude scaling. Chest. 1989;96(4):767-71.
Papiris SA, Daniil ZD, Malagari K, Kapotsis GE, Sotiropoulou C, Milic-Emili
J, et al. The Medical Research Council dyspnea scale in the estima-

tion of disease severity in idiopathic pulmonary fibrosis. Respir Med.
2005;99(6):755-61.

Page 9 of 9

56. Rajala K, Lehto JT, Sutinen E, Kautiainen H, Mylldrniemi M, Saarto T. mMRC
dyspnoea scale indicates impaired quality of life and increased pain in
patients with idiopathic pulmonary fibrosis. ERJ Open Res. 2017;3(4).

57. Swigris JJ, Fairclough DL, Morrison M, Make B, Kozora E, Brown KK, et al.
Benefits of pulmonary rehabilitation in idiopathic pulmonary fibrosis.
Respir Care. 2011;56(6):783-9.

58. Keyser RE, Christensen EJ, Chin LM, Woolstenhulme JG, Drinkard B, Quinn
A, et al. Changes in fatigability following intense aerobic exercise training
in patients with interstitial lung disease. Respir Med. 2015;109(4):517-25.

59. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital
Anxiety and Depression Scale. An updated literature review. J Psychosom
Res. 2002;52(2):69-77.

60. Holland AE, Fiore JF, Bell EC, Goh N, Westall G, Symons K, et al. Dyspnoea
and comorbidity contribute to anxiety and depression in interstitial lung
disease. Respirology. 2014;19(8):1215-21.

61. Noorkoiv M, Nosaka K, Blazevich AJ. Assessment of quadriceps muscle
cross-sectional area by ultrasound extended-field-of-view imaging. Eur J
Appl Physiol. 2010;109(4):631-9.

62. Seymour JM, Ward K, Sidhu PS, Puthucheary Z, Steier J, Jolley CJ,
et al. Ultrasound measurement of rectus femoris cross-sectional
area and the relationship with quadriceps strength in COPD. Thorax.
2009;64(5):418-23.

63. Shrikrishna D, Patel M, Tanner RJ, Seymour JM, Connolly BA, Puthucheary
ZA, et al. Quadriceps wasting and physical inactivity in patients with
COPD. Eur Respir J. 2012;40(5):1115-22.

64. Christopher A, Mark B, Andrew J, Andrew W. Measuring sedentary
behaviors in patients with idiopathic pulmonary fibrosis using wrist-worn
accelerometers. Clin Respir J. 2018;12(2):746-53.

65. Dillon CB FA, Kearney PM, Perry 1), Rennie KL, Kozarski R, Phillips C.
Number of days required to estimate habitual activity using wrist-
worn GENEActiv accelerometer: a cross-sectional study. PLoS One.
2016;11(5):20109913.

66. Kamper SJ, Maher CG, Mackay G. Global rating of change scales: a review
of strengths and weaknesses and considerations for design. J Man Manip
Ther.2009;17(3):163-70.

67. Williams MT, Lewis LK, McKeough Z, Holland AE, Lee A, McNamara R, et al.
Reporting of exercise attendance rates for people with chronic obstruc-
tive pulmonary disease: a systematic review. Respirology. 2014;19(1):30-7.

68. Laviolette L, Bourbeau J, Bernard S, Lacasse Y, Pepin V, Breton MJ, et al.
Assessing the impact of pulmonary rehabilitation on functional status in
COPD. Thorax. 2008;63(2):115-21.

69. Morris NR, Walsh J, Adams L, Alision J. Exercise training in COPD: What is it
about intensity? Respirology. 2016;21(7):1185-92.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



http://www.pulmonaryrehab.com.au
http://www.pulmonaryrehab.com.au
https://doi.org/10.1111/resp.14159

	High intensity interval training versus moderate intensity continuous training for people with interstitial lung disease: protocol for a randomised controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 

	Background
	Methods
	Design
	Participants
	Recruitment and randomisation
	Interventions
	Moderate intensity continuous training
	High intensity interval training

	Outcome measures
	Primary outcome
	Secondary outcomes
	Sample size
	Statistical analysis
	Data integrity, management and monitoring

	Discussion
	Trial status

	Acknowledgements
	References


