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Abstract
Background and Objective: There are few studies that have used inspiratory muscle
training (IMT) as an intervention for patients with isolated idiopathic pulmonary
fibrosis (IPF). This study aimed to investigate and interpret the effects of home-based
telerehabilitation-assisted IMT in patients with IPF.
Methods: Twenty-eight participants with IPF took part in the study. Lung function
tests, functional exercise capacity by 6-min walk distance (6MWD), dyspnoea percep-
tion by modified medical research council dyspnoea scale (mMRC), and inspiratory
muscle strength by maximal inspiratory pressure (MIP) were assessed. IMT was per-
formed twice a day, 7 days/week, for 8 weeks. The intervention group (n = 14) per-
formed IMT at 50% of their baseline MIP while the control group (n = 14) performed
IMT without applied resistance. Loading intensity was progressed by keeping the load
at 4–6 on a modified Borg scale for the highest tolerable perceived respiratory effort
for each patient.
Results: Dyspnoea based on mMRC score (p < 0.001, η2 effect size = 0.48) signifi-
cantly decreased within the intervention group compared with the control group.
There were significant increases in the intervention group compared to the control
group based on 6MWD (p < 0.001, η2 effect size = 0.43), MIP (p = 0.006, η2 effect
size = 0.25) and MIP % predicted (p = 0.008, η2 effect size = 0.25).
Conclusion: The findings of this study suggest that an 8-week home-based
telerehabilitation-assisted IMT intervention produced improvements in inspiratory
muscle strength, leading to improvements in functional exercise capacity and dyspnoea.
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chronic fibrotic lung
disease of unknown cause. The progressive course of the dis-
ease leads to early disability and death, with a survival of 2–
4 years after diagnosis.1 While currently available pharmaco-
logical treatments can slow disease progression and physical
deterioration, they are not able to increase functional capac-
ity.2 IPF is a chronic progressive interstitial lung disease (ILD)
that causes increased symptoms of dyspnoea, dry cough and

fatigue, reducing functional capacity and health-related quality
of life.3 Patients with ILD have lower lung compliance, which
primarily affects their capacity to respond to an increase in
respiratory demand. As a result, the respiratory system is
pushed to operate in a less than optimal pressure-volume level,
which weakens the inspiratory muscles, leading to increased
respiratory muscle effort and dyspnoea.4

During exercise, the oxygen demand of the body
increases, and therefore, the respiratory system must work
harder to supply oxygen to the muscles. The strength of the
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inspiratory muscles, particularly the diaphragm, influences
their capacity to generate enough force to overcome the respi-
ratory resistance developed during exercise. With an increase
in the level of exercise, there is an increased demand by the
inspiratory muscles to work harder. Stronger inspiratory
muscles handle the workload imposed on them more effec-
tively, which leads to better ventilation of the lungs and deliv-
ery of oxygen to the active muscles. Moreover, compared to
the healthy participants, patients with chronic lung disease
use a larger proportion of the maximal inspiratory pressure
(MIP) developed, reflecting the strength of the inspiratory
muscles.5,6 Inspiratory muscle training (IMT) has been shown
to be an effective training modality that increases inspiratory
muscle strength, reduces dyspnoea and improves functional
capacity in patients with chronic obstructive pulmonary dis-
ease (COPD).7 By increasing the strength and endurance of
the inspiratory muscles, IMT reduces fatigue of the inspira-
tory muscles during exercise, thus reducing dyspnoea in
COPD patients.8 A systematic review reported that IMT used
as an independent approach, can significantly improve inspi-
ratory muscle function in COPD patients, as well as improve
exercise capacity and quality of life and reduce dyspnoea.8 It
has also been demonstrated to increase inspiratory muscle
strength and exercise capacity in patients with ILD such as
IPF, however, there are few studies that have used IMT as an
intervention in patients with isolated IPF.9–11 To the best of
our knowledge, this is the first study to apply home-based
telerehabilitation-assisted IMT to patients with IPF. This
study aims to investigate and interpret the effects of home-
based telerehabilitation-assisted IMT in patients with IPF.

METHODS

Study design and participants

This was a single-centre, randomized controlled trial with
concealed allocation, blinded assessors and intention-to-treat
analysis. In this study, participants with IPF were included
with a 1:1 allocation ratio from May 2022 to August 2022 at
the Department of Chest Diseases at Dokuz Eylül University
Hospital. Participants were randomly allocated to either an
intervention group performing inspiratory muscle training or
a control group performing sham inspiratory muscle training
for 8 weeks. The assessor and participants were blinded to
group allocation for all assessments. Also, an independent
and blinded researcher, who had no involvement in subject
recruitment, evaluation or training, performed randomization
using a sequence generated from the website www.
randomizer.org. The inclusion criteria were, having a diagno-
sis of IPF according to American Thoracic Society/European
Respiratory Society (ATS/ERS) guidelines, not having previ-
ous or current COVID-19 and having clinically stable condi-
tion with the same medication routine and/or no acute
exacerbation in the last 4 weeks. Exclusion criteria were, using
supplemental oxygen therapy, demonstrating an inability to
comprehend or perform the proposed procedures during the

evaluations or training program, participating in any pulmo-
nary rehabilitation programs or any exercise training, having
undergone a previous pneumonectomy or lobectomy opera-
tion, experiencing pneumonia within the last 4 weeks, having
a pulmonary infection during the study, or presenting any
orthopaedic or neurological conditions that hinder indepen-
dent walking.

The study was conducted in accordance with the Declara-
tion of Helsinki and its later amendments or comparable ethi-
cal standards and approved by the institutional ethical board
of Dokuz Eylül University (approval number: 2022/04-03,
date: 02.02.2022). All participants gave informed consent
before the study.

Assessments

Once the demographic and clinical parameters were
recorded, inspiratory muscle strength was assessed as pri-
mary outcomes, and lung function, functional exercise
capacity and dyspnoea were assessed as secondary out-
comes. We followed the CONSORT guidelines for reporting
this trial.

Inspiratory muscle strength was evaluated through the
utilization of an intraoral pressure measuring device
(Sensor Medics Vmax 22 machine, SensorMedics Inc.,
Anaheim, CA, USA), which captured measurements of
maximal inspiratory pressure (MIP) at the mouth, in
accordance with the ATS/ERS recommendations.12 Lung
function was measured following a standardized method
in accordance with ATS/ERS guidelines using a digital
spirometer (Sensor Medics Vmax 22 machine, SensorMe-
dics Inc., Anaheim, CA, USA) by a single experienced
respiratory technician, who was not involved in the study.
Measures of lung function included forced expiratory vol-
ume in 1 second (FEV1), forced vital capacity (FVC) and
diffusion capacity for carbon monoxide (DLCO) were
assessed and presented as percentages (%) of the pre-
dicted values.13,14 The 6-Min Walk Test (6MWT) was
used to evaluate functional exercise capacity. The 6MWT
was conducted according to ATS guidelines in a covered,
flat, 30-m corridor at the chest diseases department of the
hospital.15 Briefly, all patients were instructed to walk as
far as possible in 6 min and the distance covered was
recorded. Heart rate and oxygen saturation as measured
by pulse oximetry, as well as dyspnoea and fatigue

SUMMARY AT A GLANCE

An 8-week home-based telerehabilitation-assisted
inspiratory muscle training is an effective interven-
tion that improves respiratory muscle strength and
functional exercise capacity and decreases dyspnoea
in patients with idiopathic pulmonary fibrosis.
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measured by a modified Borg scale were recorded at base-
line and immediately after testing.16,17 The modified med-
ical research council dyspnoea (mMRC) scale was used to
determine dyspnoea in daily living. The mMRC scale con-
sists of five grades (0–4) that evaluate various physiologi-
cal activities associated with the occurrence of dyspnoea.
Upon reviewing the descriptive phrases, the patients pro-
ceeded to choose the number that most accurately corre-
sponded to their level of dyspnoea during their daily
activities. A high score on the scale indicates a greater
degree of dyspnoea.18,19

Intervention

Initially, all patients attended a face-to-face practice session
to learn diaphragmatic breathing and use the threshold-
loaded IMT device (Threshold IMT Philips® Respironics,
Inc). Patients allocated to the IMT group trained based on a
previously published protocol at a load of 50% of their base-
line MIP.20 Then, loading intensity was progressed by keep-
ing the load at 4–6 on a modified Borg scale for the highest
tolerable perceived respiratory effort for each patient.17,20

However, the control group performed sham training

F I G U R E 1 Flow chart of the study.
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without an inspiratory load (Threshold IMT Philips® Respiro-
nics, Inc). Throughout the training sessions, patients were
instructed to maintain diaphragmatic breathing. Patients were
asked to complete two sets of 30 repetitions, with one-minute
rest between each set, twice a day, 7 days/week, for
8 weeks.20,21 The protocol was performed once a week under
the supervision of a physiotherapist as a telerehabilitation ses-
sion by making video calls at home, and other days at home
monitored by a home-based diary. The training load remained
the same for 1 week until the following weekly supervised tele-
rehabilitation session. During the weekly supervised telereh-
abilitation session, the training load was adjusted to the highest

tolerable load (i.e., based on a modified Borg score of 4–6) by
the same trained physiotherapist. There was no other co-
intervention (i.e., whole-body exercise prescription, supple-
mental oxygen use) in this study.

Statistical analysis

All statistical analyses were performed using SPSS 21.0
(SPSS, Chicago, Illinois). The Shapiro–Wilk test was used to
evaluate the normality of the data distribution for each vari-
able, and the natural logarithmic transformation was applied
when necessary. The continuous variables are reported as a
mean ± SD and 95% CI, and the categorical variables are
presented in absolute frequencies and percentages. Nominal
data were compared using a chi-square test. The treatment
effect was assessed using analysis of covariance (ANCOVA)
with baseline values entered as covariates. We reported the
estimated marginal means saved from the ANCOVA model
and compared the main effects with Bonferroni correction.22

In addition, the effect sizes were given as eta square (η2).
For eta squared, threshold values are interpreted as small
effect (0.01), medium effect (0.06) and large effect (0.14).23

The significance level was set at 5% for all analyses.
The sample size was calculated based on the MIP

improvement of the Kaushal et al.10 study (mean
difference = 17.44 cmH2O), with an 0.05 α value and 80%
power, using the G*Power program.24 The minimum sam-
ple size required to detect a significant difference should be
at least a total of 28 patients with 14 per group.

RESULTS

Forty-one patients with IPF were screened to participate in
the study. Thirteen of them did not meet the inclusion cri-
teria. Therefore, the study was completed with the final
sample of 28 participants, with 14 in each group. There
was no loss to follow-up. The study flow is presented in
Figure 1.

T A B L E 1 Baseline demographic and clinic characteristics of the
groups.

Intervention
group (n = 14)

Control
group (n = 14)

Sex, male/female n (%) 8/6 (57.1/42.9) 11/3 (78.6/21.4)

Age, years 66.5 ± 5.5 68.9 ± 7.0

Weight, kg 69.9 ± 12.9 72.4 ± 13.6

Height, cm 162.3 ± 8.2 166.2 ± 11.6

BMI, kg/m2 26.5 ± 5.5 26.1 ± 3.2

Smoking status, n (%)

Current 1 (7.1) 1 (7.1)

Former 8 (57.1) 10 (71.4)

Never 5 (35.7) 3 (21.4)

mMRC score 2.35 ± 0.49 2.14 ± 0.77

6MWD, m 427.9 ± 68.6 412.5 ± 80.5

FEV1, % predicted 89.8 ± 17.4 84.5 ± 20.1

FVC, % predicted 84.6 ± 16.9 78.6 ± 18.9

DLCO, % predicted 60.2 ± 34.6 52.9 ± 22.1

MIP, cmH2O 52.8 ± 24.9 53.1 ± 21.7

MIP, % predicted 76.8 ± 36.6 69.5 ± 26.4

Note: Data are expressed as mean ± SD or n (%).
Abbreviations: 6MWD, 6-min walk distance; DLCO, diffusing capacity of the lung for
carbon monoxide; FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; MIP, maximal inspiratory pressure; mMRC, modified medical research
council dyspnoea scale.

T A B L E 2 Mean difference of values of clinical parameters, by intervention.

Intervention group (n = 14) Control group (n = 14) Group differences

Parameters Post-intervention 95% CI Post-intervention 95% CI Mean difference (95% CI) Effect size (η 2) p-valuea

mMRC score 1.13 ± 0.20 0.71–1.54 2.52 ± 0.20 2.10–2.94 �1.39 (�1.99 to �0.80) 0.48 <0.001

6MWD, m 460.3 ± 6.0 448.0–472.5 423.7 ± 6.0 411.4–435.9 36.6 (19.2 to 53.9) 0.43 <0.001

FEV1, % predicted 85.5 ± 2.8 82.6–94.2 88.4 ± 2.8 82.6–94.2 �2.9 (�11.1 to 5.4) 0.02 0.482

FVC, % predicted 81.9 ± 2.6 76.4–87.3 81.6 ± 2.6 76.1–87.0 0.31 (�7.4 to 8.1) 0.00 0.935

DLCO, % predicted 45.3 ± 6.8 31.2–59.4 55.7 ± 6.8 41.6–69.8 �10.4 (�30.4 to 9.6) 0.04 0.295

MIP, cmH2O 72.9 ± 5.9 60.9–84.9 48.1 ± 5.9 36.0–60.1 24.9 (7.9 to 41.9) 0.27 0.006

MIP, % predicted 101.7 ± 8.8 83.7–119.8 66.0 ± 8.8 47.9–84.1 35.7 (10.1 to 61.3) 0.25 0.008

Note: Data are expressed as Mean ± SE.
Abbreviations: SEM, Standard Error of Mean; η 2, eta square; mMRC, modified medical research council dyspnoea scale; 6MWD, 6-min walk distance; FEV1, forced expiratory
volume in 1 second; FVC, forced vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide; MIP, maximal inspiratory pressure; ANCOVA, Analysis of Covariance.
aDifferences between groups: ANCOVA, p < 0.05 is considered a statistically significant difference in outcome.
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Demographic and clinical parameters of patients were pre-
sented in Table 1. The MIP (Mean Difference = 24.9 cmH2O,
95% CI = 7.9 to 41.9, η2 effect size = 0.25) and MIP % pre-
dicted (Mean Difference = 35.7, 95% CI = 10.1 to 61.3, η2

effect size = 0.25) significantly increased within the interven-
tion group compared with the control group (Table 2). How-
ever, there were no significant differences between groups in
terms of % predicted of FEV1, FVC and DLCO values after
intervention (p > 0.05) (Table 2). Dyspnoea based on mMRC
score (mean difference = �1.39, 95% CI = �1.99 to �0.80,
η2 effect size = 0.48) significantly decreased within the
intervention group compared with the control group
(Table 2, Figure 2). Moreover, there was a significant
increase in the intervention group compared to the control
group based on distance covered during 6MWT (mean
difference = 36.6 m, 95% CI = 19.2–53.9, η2 effect
size = 0.43) (Table 2, Figure 3).

DISCUSSION

To the best of our knowledge, this is the first randomized
controlled trial that has investigated the effects of home-
based telerehabilitation-assisted IMT in patients with IPF.
The main findings of this study are that IMT is an effective
intervention that improves inspiratory muscle strength and

functional exercise capacity, and decreases dyspnoea in
patients with IPF.

There are some studies that involve a mixed group of
patients with restrictive lung disease or ILD.11,20,25–29 How-
ever, as these studies included a heterogeneous population
consisting of restrictive and obstructive lung diseases, their
findings could not fully reflect the specific effects of IMT on
IPF patients. Kagaya et al.25 applied a pulmonary rehabilita-
tion program involving inspiratory muscle training as well in
patients with restrictive lung disease. They found that pulmo-
nary rehabilitation involving inspiratory muscle training
increases inspiratory muscles strength, and quality of life, in
addition, reduces both dyspnoea and exercise intolerance.
One study investigated a tailored pulmonary rehabilitation
program that included IMT in ILD patients and found
improvements in exercise capacity and dyspnoea.26 Kaushal
et al.10 also investigated the effects of a supervised pulmonary
rehabilitation program including inspiratory muscle training
in patients with ILD. The study program included patient
educational sessions, exercise trainings and inspiratory muscle
training for 3 days/week for 8 weeks. After 8 weeks of the
combined pulmonary rehabilitation program, they found that
the patients with ILD had improvements in functional exer-
cise capacity, dyspnoea perception and MIP. A study by Kerti
et al.27 included 71 patients with ILD who performed a com-
plex pulmonary rehabilitation program containing chest wall-

F I G U R E 2 Changes in individual
mMRC score for each participant with
between-group comparison. mMRC,
modified medical research council
dyspnoea scale. Between groups
differences p-value was shown based on
ANCOVA. *p < 0.05.
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stretching, pulmonary exercises and aerobic training 2–3
times/week for 4 weeks with all of them applying the IMT
2 � 10 times per day. They demonstrated that pulmonary
rehabilitation with IMT led to increased 6MWD, improved
quality of life, enhanced MIP and reduced dyspnoea in ILD
patients. However, no significant changes were observed in
FVC. A recent interventional study conducted by Hoffman
et al.20 examined the effects of IMT on a mixed lung disease
population (COPD, IPF, bronchiectasis, asthma or hypersen-
sitivity pneumonitis). While this study did not include a con-
trol group, the findings demonstrated that IMT improved
dyspnoea, inspiratory muscle strength and endurance. In
their study, participants completed an 8-week home-based
high-intensity interval IMT program in sets of 30 breaths,
with a 2-min interval between sets. They set the intensity of
IMT higher than 50% of MIP and also adjusted the intensity
between 4 and 6 using a modified Borg scale. Thus, if the
modified Borg score was less than 4 or higher than 6, the
training load was adjusted to higher or lower than 50% of the
MIP, respectively.20 The same researchers applied the same
program to 10 patients and investigated the effects of IMT in
patients with advanced lung disease.28 They found that there
were improvements in dyspnoea, daily activities and mobility.
Zaki et al.11 recently conducted a study to examine the effects
of combining IMT with pulmonary rehabilitation in ILD
patients. They demonstrate that the group that underwent
combined pulmonary rehabilitation with IMT demonstrated

greater improvements in functional exercise capacity, quality
of life and dyspnoea perception. While there is limited study
specifically examining the effects of IMT in patients with ILD
particularly in IPF patients, to the best of our knowledge, we
have identified only three studies in the literature focusing on
the effect of IMT in IPF patients alone.9,10,30 In an 8-week
study by Nykvist et al.,10 patients with IPF had IMT com-
bined with aerobic exercise. When compared to the control
group, they found that both the exercise capacity and dys-
pnoea perception had significantly improved. Jastrzebski
et al.9 investigated the effects of IMT on dyspnoea, quality of
life, functional exercise capacity, MIP and lung function in
patients with IPF. They applied IMT combined with general
whole body exercises to the study group of 16 IPF patients,
while they applied only general whole body exercises to the
control group. They found that dyspnoea and MIP improved
in the study group. In a case study, a supervised combined
training program, which included aerobic training, resistance
training and IMT, was applied to a 56-year-old man with
IPF. It was shown that supervised combined training includ-
ing IMT can preserve functionality and quality of life.31 In
our study, we found that an 8-week IMT increases exercise
capacity, inspiratory muscle strength and decreases dyspnoea
in patients with IPF. However, there were no changes in lung
mechanics (FEV1%, FVC% and DLCO%). Moreover, we
found that the study group exceeded the minimally clinically
important difference (MCID) of 10.8–58.5 m32 or 25–45 m33

F I G U R E 3 Changes in individual
6MWD for each participant with
between-group comparison. 6MWD,
6-min walk distance. Between groups
differences p-value was shown based on
ANCOVA. *p < 0.05.
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reported for IPF patients with a mean change of 36.6 m in
6DYT compared with the control group. Although the MCID
for mMRC was reported as 0.4 points in IPF patients,34 a
change of 1 point in either direction indicates a shift in dys-
pnoea, meaning worsening (with a higher score) or improve-
ment (with a lower score).35 Also, a change of at least
18 cmH2O and 22.1% of that predicted for MIP represented
the MCID.36 In our study, there was a 1.39 point decrease in
mMRC, and a 35.7% of that predicted increase in MIP with
24.9 cmH2O in the intervention group compared to the control
group. These findings align with existing literature and, to the
best of our knowledge, represent the first randomized con-
trolled study to demonstrate these findings in a population
exclusively consisting of IPF patients. Our study found notable
enhancements in the 6MWD following IMT alone approach.
Comparing our results with previous studies combining IMT
and PR, such as Kagaya et al.25 and Kaushal et al.,10 which
reported significant increases in 6MWD averaging 50 and
38 meters respectively, our study demonstrated a mean differ-
ence of 36.6 m with IMT alone. This similarity in improvement
suggests that IMT may be the pivotal aspect of rehabilitation
programs. This insight is crucial as it highlights the potential
for IMT to be prioritized in rehabilitation protocols, possibly
leading to more efficient and resource-conserving interven-
tions. Notably, most studies combined IMT + PR in IPF
patients used low to moderate IMT loads, remaining below
50%. Only Hoffman et al.20 using a 50% load similar to ours,
yet their study involved a very mixed study population
included a group of patients with restrictive and obstructive
patterns (more than 50% had obstructive conditions such as
COPD and bronchiectasis) classified as advanced lung disease
with relatively severe clinical presentations. Therefore, using
their results as a basis for IPF patients may be misleading. In
our study, the 50% loading threshold was applied only to IPF
patients, we think that such a significant improvement in
6MWD in our study is due to above reasons. Our findings sug-
gest that future research should further investigate the relative
contributions of IMT and PR to overall functional improve-
ments. Identifying the most effective components of rehabilita-
tion could lead to more efficient and targeted interventions for
patients with respiratory conditions.

It’s important to note that ILD is a diverse group of disor-
ders, and each type has its unique features and considerations.
IPF is a specific type of ILD, and ILD is a broad category that
includes various conditions affecting the interstitium, which is
the tissue and space around the air sacs in the lungs. There are
some key differences between IPF and other interstitial lung
diseases. For example, IPF and Sarcoidosis are distinct clinical
entities. Fibrotic disease in pulmonary sarcoidosis is typically
upper lobe predominant. In IPF, fibrosis is basilar and periph-
eral predominant (as known the usual interstitial pneumonia
pattern). This causes a variety of different symptoms to pre-
dominate in each ILD.31 Thus, the sole inclusion of patients
with IPF in the current study provides clinically important
findings.

There were indeed limitations to this study worth men-
tioning. Firstly, the load intensity progression was

determined using the modified Borg scale, instead of weekly
evaluate the MIP values of the patients. This strategy may
restrict the accuracy and precision of load intensity. Sec-
ondly, only including clinically stable IPF patients restricts
the generalizability of the findings to patients with unstable
IPF. Future studies addressing these limitations will help
improve the body of literature in this area.

In conclusion, an 8-week home-based telerehabilitation-
assisted IMT produced improvements in inspiratory muscle
strength, leading to improvements in functional exercise
capacity and dyspnoea in patients with IPF. Further studies
are needed to determine whether IMT is a supplementary
intervention that helps improve the management of IPF.
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