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Abstract

Patients with idiopathic pulmonary fibrosis (IPF) experience a poor quality of life and reduced
physical activity due to severe breathlessness and the associated pathophysiological consequences.
The aim of our study was to investigate fitness indicators, quality of life, anxiety and depression in
IPF patients during a four-week training and detraining period. A total of 13 IPF patients participated
in the study. Measurements included anthropometric characteristics and cardio-pulmonary-
metabolic-hemodynamic parameters before and after a six-minute walking test, as well as a quality
of life, anxiety and depression questionnaire at three time points. Physical fitness status was
significantly associated with quality of life, anxiety, depression, and cardio-pulmonary-metabolic-
hemodynamic parameters and six-minute walking test-derived indices. In conclusion, our study has
revealed bidirectional interrelationships between health status and training/detraining. It
demonstrates that even brief remote training sessions can improve fatigue and functional status.

Keywords: tele exercise; tele rehabilitation; health status; cardiopulmonary exercise testing

1. Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive fibrotic interstitial lung disease
of unknown etiology, which primarily affects adults over 50 years of age. Histologically, it is
characterized by the pattern of usual interstitial pneumonia, which leads to irreversible architectural
distortion of the lung, decreased pulmonary compliance and impaired gas exchange [1]. The hallmark
clinical manifestations are exertional dyspnea and non-productive cough, which typically have an
insidious onset and gradually worsen. The global incidence of IPF is estimated to be between 6.8 and
16.3 per 100,000 people per year, with a significantly higher prevalence in men than in women [2].
The median survival after diagnosis is approximately three to five years, making IPF one of the most
severe forms of interstitial lung diseases in terms of prognosis [3]. Implicated risk factors include
cigarette smoking, environmental exposures (e.g., metal and wood dust), gastroesophageal reflux,
and genetic mutations involving telomere biology and surfactant proteins [4]. Pathophysiologically,
IPF is no longer considered to be primarily in inflammatory condition. Instead, it is thought to result
from repeated micro-injuries to the alveolar epithelium in genetically predisposed individuals. These
injuries trigger abnormal epithelial-mesenchymal interactions and the activation of fibroblasts and
myofibroblasts. These cells then deposit extracellular matrix components, leading to lung fibrosis [5].
This process is perpetuated by an altered wound-healing response and chronic fibrotic cycles
involving minimal inflammation. Studies have also emphasized the role of AEC2 cell dysfunction,
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epithelial-to-mesenchymal transition and abnormal activation of developmental signaling pathways
(e.g. Wnt/p-catenin and TGF-f3) in disease progression [3].

Pulmonary rehabilitation (PR) is a comprehensive intervention based on individualized
assessment, incorporating exercise training, education and behavioral change. The aim is to improve
the physical and psychological condition of people with chronic respiratory disease and to promote
long-term adherence to health-enhancing behaviors [6]. In IPF, PR has emerged as a critical
adjunctive therapy to pharmacological treatment. Several clinical trials and meta-analyses have
demonstrated that PR significantly improves functional exercise capacity, reduces breathlessness,
and enhances health-related quality of life (QoL) in patients with IPF [7]. The six-minute walk test
(6MWT), a standard outcome measure, has shown meaningful improvements after PR, with average
gains exceeding the minimal clinically important difference of 30 meters [8]. Improvements in oxygen
uptake, ventilatory efficiency, and heart rate recovery also reflect the physiological benefits of
structured exercise training [9]. Psychosocial benefits are equally important. Patients undergoing PR
report reductions in depression and anxiety scores (HADS), improvements in fatigue, and better
coping with the burden of disease [10].

Moreover, high levels of outdoor activity have also been shown to improve survival rates in
hypoxemic patients (e.g. those with COPD) [11]. Maintaining physical activity after rehabilitation has
also been associated with improved long-term survival in individuals with chronic respiratory
diseases, including IPF [12]. Despite these advantages, access to PR remains low due to geographical,
logistical and institutional barriers. Tele-exercise rehabilitation schemes and home-based
interventions can overcome these constraints, particularly for individuals in remote locations [13].
Evidence suggests that distant interventions can produce effects equivalent to those of centre-based
PR in terms of exercise tolerance and quality of life improvement, provided they are properly
organised and supervised [14]. Current guidelines published by the American Thoracic Society and
the European Respiratory Society state that chronic respiratory disease patients must be referred for
face-to-face or tele-pulmonary rehabilitation, regardless of disease severity, as it is an integral part of
care [15].

This study aims to evaluate the effect of a supervised, structured tele-exercise rehabilitation
program on patients with IPF. Due to the progressive nature of the disease and the limited
pharmacological treatment options available, it is crucial to maximize exercise capacity, physical
function, and quality of life to ensure daily functioning and independence. Although conventional
pulmonary rehabilitation has been reported to be highly beneficial for patients with IPF, there is a
lack of robust evidence supporting the efficacy of tele-rehabilitation or home-based exercise
programs for this patient group. Although some initial studies have demonstrated the potential of
such interventions and their short-term outcomes, there are currently no standardized protocols or
information on long-term results [7]. This emphasizes the urgent need to investigate the effective,
safe and reliable delivery of tele-exercise in actual clinical settings. To address this challenge, we have
developed a visionary pilot program incorporating tele-exercise rehabilitation protocols to mitigate
the shortcomings and clinical needs of IPF patients. This pilot study aims to investigate the program’s
impact on several clinical outcomes. The main endpoints are an increase in anaerobic capacity and
ratings on validated quality-of-life scales. Secondary endpoints include dyspnea severity, arterial
oxygen saturation, and mental well-being. This study's value lies in its potential to provide the
evidence needed to justify the inclusion of tele-exercise rehabilitation in IPF clinical practice.

2. Materials and Methods

2.1. Participants

This prospective, interventional, single-arm trial was designed to evaluate the effectiveness of a
home-based tele-exercise rehabilitation program in IPF patients. Eight weeks was the study duration,
consisting of four weeks of supervised tele-exercise rehabilitation and four weeks of detraining (no
exercise treatment). A priori estimation of sample size was done using G*Power software (version
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3.1.9.7, Diisseldorf, Germany) to check if there would be sufficient statistical power to detect
differences between the subjects at the three measurement points. This was against a re-peated-
measures analysis of variance (ANOVA) model with one group and three measures (pre, post-
intervention and post-detraining). As a result of the presence of a moderate effect size (f = 0.30), a
significance level of 0.05 and statistical power (1 — 3) of 0.80, the minimum sample size needed was
found to be 12 participants. This was calculated with a moderate correlation of 0.5 between repeated
measures while accounting for non-sphericity correction. Thirteen participants were deemed to be
sufficient to detect clinically significant differences in the main outcomes with low risk of type II
error. Ethical approval was provided by the University of Thessaly Institutional Ethics Committee
(514/6-11-2023) and written informed consent was provided by all the study participants as per the
Helsinki Declaration and personal data as per the European Parliament and Council of the European
Union [16].
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Figure 1. Flow chart. The inclusion criteria are described in Section 2.2, and the procedures in Section 2.3.

2.2. Inclusion Criteria

Participants were eligible for inclusion in the study if they were aged between 50 and 80 years,
had a confirmed diagnosis of IPF based on high-resolution computed tomography and a
multidisciplinary clinical evaluation, and met the criteria set out in the international diagnostic
guidelines [1]. All participants were clinically stable, with no exacerbations or hospitalizations in the
previous six weeks. All participants had to be able to walk independently (with or without assistive
devices) and have no contraindications to cardiopulmonary exercise testing [17], and without the
presence of severe resting hypoxemia (SpO, <85%). They also had to have access to new technologies
and the internet [18]. Participants were also excluded if they had recently participated in a structured
exercise or rehabilitation program in the last three months. All participants had to provide written
medical approval from their attending physician to participate.

2.3. Measurements

The anthropometric characteristics and body mass of all participants were recorded, and the

Height (cm) x Body mass (kg)
3600

body surface area (BSA) \/ and body mass index (BMI)

Body mass (kg)
Height (m) x Height (m)
capacity [19]. Specific measurements included: i) oxygen saturation (SpO,, Nonin 9590 Onyx Vantage,
USA) and heart rate (HR, chest belt with Bluetooth and ANT+ technology) at baseline and at one-

minute intervals during the test and during the first minute of recovery [20]; (ii) cardiopulmonary

were calculated. The six-minute walk test (6MWT) was used to assess functional
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parameters (Cosmed Quark CPET, Italy), blood pressure (Mac, Japan), and Borg scales (dyspnea and
leg fatigue, CR-10), which were recorded before, immediately after, and during the first minute of
recovery following the 6MWT [21]. We calculated the mean arterial blood pressure (MAP, mmHg)

systolic blood pressure (mmHg)+ 2 x diastolic blood pressure (mmHg)

, the oxygen breath
ventilation (VE, L/min)
D art rate (HR, bpm) maximal voluntary ventilation (MVV, L/min)
breath frequency (‘fB, 1/min) [22_24]'
Prior to the 6MWT, all participants performed a handgrip strength test using an electronic
dynamometer (Camry EH101, South El Monte, CA, USA), as previously described [25] and, prior to
the physical fitness tests, all subjects completed the 36-item Short Form Survey Instrument to assess

3
oxygen consumption (VO2, mL/min)

, breathing reserve (

breath frequency (f, 1/min) ), and the pulse

respiration quotient

self-reported health-related quality of life (SF-36) [26], as well as a self-rating questionnaire to
measure anxiety and depression (HADS) [27].

2.4. Intervention Program

The intervention consisted of a structured tele-exercise pulmonary rehabilitation program
delivered via secure video conferencing software. Developed and implemented with the scientific
and technical support of the USTEP Team (www.ustep.gr), it was designed to be feasible at home
and require non-specific equipment. The aim was to promote long-term behavioral engagement with
physical activity. Supervised remotely, this personalized program took place three days per week,
and each 30-40 minute exercise session comprised a combination of aerobic training (approximately
40% of each session: stationary walking at a moderate intensity, reaching 40-60% of the maximal
heart rate at the end of the 6MWT and/or a Borg dyspnea rating of 4-6 out of 10) and resistance
exercises (approximately 30% of each session: Strengthening exercises using bodyweight, focusing
on major muscle groups, with an intensity RPE scale rating of 11-15 out of 20, and breathing
techniques exercise (approximately 30% of each session: diaphragmatic exercises to support
ventilatory control). Safety protocols included self-monitoring of SpO, and HR before, during, and
after sessions. Weekly video consultations allowed the training load to be adjusted, adherence to be
reinforced, and symptoms to be documented. All sessions were led by exercise specialists who were
certified to work with clinical populations and overseen by a clinical exercise physiologist.

2.5. Statistical Analysis

Normality of the data was tested by the Shapiro-Wilk test. Data is presented as percentage for
qualitative variables, mean (M) + standard deviation (SD) for parametric variables, and median with
25t and 75t percentiles for non-parametric variables. Because the design of the study was three time-
points of repeated measurements (baseline, post 4 weeks of tele-exercise training and post 4-week
detraining) in a single group, Friedman test was used to compare differences over time. In those
variables where statistically significant Friedman test results were seen, pairwise comparisons with
the Wilcoxon signed-rank test were performed with the Bonferroni adjustment for multiple tests on
significance values. In addition, Cohen's d was also calculated to estimate the effect size of within-
subject change through the formula:

, M2-M1 SD1 2+SD2 2
Cohen's d =———, where SDpooled = [—————
SD pooled 2

Kendall's W was used to record the effect size for the Friedman test and 0.1, 0.3 and 0.5 were
used to represent small, moderate and large effects, respectively. It was computed with the formula:
125

W= miny where S is the sum of squared deviations of ranks, k is the number of conditions and

n is the number of subjects. For parametric data, the 95% confidence intervals (95% CI) for the mean
were calculated to reflect the precision of the estimates according to the formula: CI95% = Clos% = X +

t (a2,dn -\S/—;, where X represents the sample mean, SD is the standard deviation, n is the number of

samples, and t(a/2,da represents the critical value of the Student's t-distribution. All statistical analyses
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were conducted using the IBM SPSS 21 statistical software package (SPSS Inc., Chicago, IL, USA),
and statistical significance was set at p < 0.05.

3. Results

Thirteen of the 27 individuals assessed for eligibility were included in the study (Figure 1).
Program adherence was 92%, as recorded by connection and weekly attendance. All participants
responded to each video and reported no problems with adherence to the program. Table 1 shows
the changes in anthropometric and morphologic characteristics before and after the four-week
intervention period and subsequent four-week detraining period. The results for quality of life across
the three timepoints are presented in Table 2. The results of the cardio-pulmonary-metabolic-
hemodynamic parameters are presented in Table 3. Table 4 presents the correlation results between
physical fitness parameters, anxiety — depression and quality of life.

Table 1. Patient anthropometric and morphologic characteristics across the three phases. Data are expressed as
mean (M) + standard deviation (Sd) and 95% confidence interval (95% CI Lower, Upper).

Baseline After 4-week training After 4-week detrainingFriedman's
M=Sd 95% CI Mz=Sd 95% CI Mz=Sd 95% CI p-value
Age, years 68.6+7.0 - 68.6£7.0 - 68.6+7.0 - -
Male, n 9 - 9 - 9 - -

Body mass index, kg/m?27.8+3.7 25.6,30.0 27.8+3.7  25.6,30.0 28.843.9  26.4,31.1 0.011
Body surface area, m? 1.8+0.2 1.68,1.97 1.8+0.2 (1.68,1.98 1.8+0.2 1.68,1.97 0.607
Neck circumference, cm 36.6+3.4 34.6,38.7 37.2+4.1 34.8,39.7 37.1+£3.2 35.1, 39.0 0.273
Achest, cm 5.2+1.3 44,59 5.2+1.4 44,6.1 5.4+1.5 45,63 0.598

Waist hip ratio 0.94+0.1 0.88,1.00 0.97+0.1 0.92,1.02 0.96+0.1  0.90,1.02 0.229

Abbreviations: Achest = chest circumference difference between maximal inhalation and exhalation.

Table 2. Results of the 36-item Short Form Survey Instrument for self-reported health-related quality of life. Data

are expressed as mean (M) + standard deviation (Sd) and 95% confidence interval (95% CI Lower, Upper).

Baseline After 4-week training After 4-week detraining Friedman's
M+Sd 95% CI  M#Sd 95% CI  M#Sd 95% CI p-value
Physical functioning 53.1+7.2 48.7,57.4 54.6+5.6 51.3,58.0 53.1+3.8 50.8, 55.4 0.236
Physical health ~ 67.7+11.5% 60.8,74.6 71.2+9.4 # 65.5,76.8 46.2+17.2  35.8,56.6  <0.001
Emotional problems 71.8+26.8 55.7,88.0 79.6+21.6 66.5,92.7 77.1£21.0 644,898 0.174
Energy/fatigue =~ 51.2+4.2 48.6,53.7 53.1+4.3 50.4,55.7 52.3+4.8 494,552  0.042
Emotional well-being 61.2+3.4  59.2,63.3 62.2+3.1 60.3,64.0 61.8+3.5 59.7,64.0  0.097
Social functioning  69.2+11.0  62.6,75.9 71.2+9.4 65.5,76.8 71.2+9.4 65.5,76.8  0.338
Pain 67.7+8.7 62.4,73.0 72.9+13.1 65.0,80.8 72.7+12.1  65.4,80.0 0.018
General health ~ 51.5+3.8 49.3,53.8 51.5+£3.8 49.3,53.8 51.9+3.8 49.6,542  0.368
Health change = 42.3+12.0 35.1,49.6 44.2+11.0 37.6,50.9 44.2+11.0  37.6,50.9  0.368

Abbreviations: * p< 0.05 between baseline and after 4-week training; ¥ p< 0.05 between baseline and after 4-week

detraining; # p< 0.05 between after 4-week training and after 4-week detraining.

The HADS score revealed statistically significant differences at the three time points (x2(2) =8.38,
p = 0.015), with a medium effect size of 0.35. (Baseline: M = 12.9 + 2.4, 95% CI [11.5, 14.4]; after the
intervention program: M =12.5 + 1.9, 95% CI [11.3, 13.6] and after the detraining period: M = 12.6 +
2.2, 95% CI [11.3, 13.9]). However, pairwise comparisons did not reveal any statistically significant
differences between the three timepoints (p > 0.05) following Bonferroni adjustment. Cohen's d was
0.70 for baseline-to-post-intervention program comparisons and 0.64 for baseline-to-detraining-
period comparisons, indicating a moderate effect size. A small effect size was observed in the
comparison between the post-intervention program and detraining periods (d = -0.41).
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Table 3. Results of cardio-pulmonary-metabolic-hemodynamic parameters. Data are expressed as mean (M) + standard deviation (Sd), percentage (%) and 95% confidence interval (95% CI Lower,

Upper).
Baseline (P0) After 4-week training (P1) After 4-week detraining (P2) Cohen’s d Friedman's
Stage Variable, Unit Mz+Sd 95% CI Mz+Sd 95% CI Mz+Sd 95% CI (PO vs P1; PO vs P2; P1 vs P2) p-value
Resting VO:, mL/min 247.8+97.5  1889,306.7 251.1+56.5  216.9,285.2 243.3+39.2 219.6,267.0 -0.03;0.04; 0.14 0.368
VCO:, mL/min 201.3+81.7  151.9,250.7  230.9+60.6  194.3,267.6 221.1+43.8 194.6,247.5 -0.29;-0.21;0.15 0.146
Breath frequency, 1/min 15.3+34%1  13.3,17.3 18.2+6.4 14.6,21.8 18.7+4.0 6.2,21.1 -0.44; -0.64, -0.11 0.049
PerCO2, mmHg 30.1£7.9 25.8,34.4 31.0+.3.4 29.2,32.8 29.7+3.8 27.6,31.8 -0.15; 0.06; 0.36 0.679
PerOz, mmHg 110.2+10.3  103.8,116.5 113.145.1 110.0, 116.2 115.1+5.3 111.9,118.4  0.40; 0.58; 0.27 0.101
Heart Rate, bpm 74.2+11.7 67.1,81.2 74.1£12.2 66.7, 81.5 69.849.2 64.2,75.3 0.01; 0.51; 0.39 0.368
MAP, mmHg 91.0+6.6 87.4,94.6 87.4+6.4 83.9,90.9 92.5+8.9 87.6,97.3 0.56, -0.19; —-0.65. 0.102
End of 6MWT VO:, mL/min 772.7+¢296.8 593.3,952.1  855.2£374.9  628.6,1081.7 847.8+315.7 657.1,1038.6 -0.22;-0.18; 0.03 1.000
VCO:, mL/min 612.9+224.1 491.1,734.7  710.8£284.8 556.0,865.6 710.5+251.6 573.7,847.2  -0.38;-0.41; 0.00 0.926
Breath frequency, 1/min 20.7+5.1 17.9,23.4 24.4+8.4 19.8, 29.0 21.249.3 16.1, 26.2 -0.53; -0.06; 0.36 0.070
PerCOz, mmHg 32.9+7.4 28.9, 36.9 35.2+3.4 33.4,37.1 35.8+2.6 34.4,37.3 -0.40; -0.53; -0.20 0.315
PerOz, mmHg 108.1+9.5 102.4,113.8  107.1x6.0 103.5,110.7 105.4+3.7 103.1,107.6  0.10; 0.26; 0.31 0.771
Heart Rate, bpm 101.3+x16.1  91.6,111.0 94.6+15.0 85.6,103.7  97.7+13.1 89.8,105.6  0.51;0.25;-0.25 0.080
MAP, mmHg 99.7+4.7 97.1,102.3 94.8+6.4 91.4,98.3 101.4+10.2 95.8,106.9  0.71;-0.17; -0.53 0.070
15 min recoveryvoz’ mL/min 341.1+£155.9 256.3,425.8  410.5+126.5 341.7,479.2 405.1+84.3 359.2,450.9 2.59;2.71;-0.27 0.116
VCO:, mL/min 295.4+131.8 215.7,375.1  371.8+124.3 296.7,446.9 390.9+106.1 326.8,455.1 -0.60; -0.80; -0.17 0.292
Breath frequency, 1/min 22.0+4.7 19.4, 24.6 21.1£7.3 17.1,25.1 20.846.7 17.1,24.4 0.15; 0.21; 0.04 0.931
PerCOz, mmHg 29.9+6.6, 26.3,33.5 33.8+4.1 31.6,36.1 31.9£3.9 9.8,34.0 -0.71;-0.44; 0.48 0.257
PerOz, mmHg 114.0+8.2 109.5,118.5  110.2+7.3 106.3,1142 114.7+5.2 111.9,117.5  0.53; -0.08; -0.73 0.080
Heart Rate, bpm 79.2+11.9 72.0, 86.4 82.5+13.4 74.3,90.6 77.8+11.7 70.8, 84.9 -0.32;0.13; 0.37 0.162
MAP, mmHg 90.2+5.8 86.6, 93.7 89.9+4.0 87.5,92.4 91.2+7.4 86.4, 96.0 0.16, -0.27; -0.36 0.240

Abbreviations: MAP = mean arterial pressure; PerCO:2 = end-tidal partial pressure of carbon dioxide; PerO2 = end-tidal partial pressure of oxygen; VCO: = carbon dioxide production; VO:2 = oxygen

consumption. * p< 0.05 between baseline and after 4-week training; ¥ p< 0.05 between baseline and after 4-week detraining; # p< 0.05 between after 4-week training and after 4-week detraining.
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Exercise capacity showed statistically significant difference across the three time points (x%(2) =
12.13, p = 0.002), with a moderate to large effect size of 0.47 (Baseline: M = 520.8 + 84.8 m, 95% CI
[469.6, 572.0]; after the intervention program: M = 564.6 + 101.6 m, 95% CI [503.2, 626.0]; after the
detraining period: M = 530.0 + 111.4 m, 95% CI [462.7, 597.3]). Pairwise comparisons revealed
statistically significant differences between baseline and after the intervention program (p = 0.004),
and between after the intervention program and after the detraining period (p = 0.056), while no
significant difference was observed between baseline and after the detraining period (p = 1.00), after
applying Bonferroni correction. Cohen’s d for paired comparisons showed a large effect between
baseline and after the intervention program (d = -1.15), a moderate effect between after the
intervention program and the detraining period (d = 0.80), and a small effect between baseline and
detraining period (d = -0.19). The percentage of predicted values in the 6MWT also differed
significantly over time (x2(2) =9.18, p = 0.010), with a moderate effect size of 0.35 (Baseline: M = 111.2
+18.3%, 95% CI [100.1, 122.3]; after the intervention program: M =119.9 + 17.1%, 95% CI [109.6, 130.2];
after the detraining period: M = 112.5 + 21.1%, 95% CI [99.7, 125.3]). Pairwise comparisons revealed
statistically significant differences between baseline and after 4-week training (p = 0.004), and
between after the intervention program and after the detraining period (p = 0.056), while no
significant difference was observed between baseline and after 4-week detraining (p = 1.00), after
applying Bonferroni correction. Cohen’s d showed a moderate effect between baseline and post-
intervention (d =-0.50), a moderate effect between post-intervention program and detraining period
(d = 0.63), and a small effect between baseline and detraining period (d = —0.14). There were no
statistically significant differences in oxygen saturation (Figure 2) or heart rate (Figure 3) across the
three time points during the 6MWT. There were no statistically significant differences in dyspnea
across the three time points at the end of the 6BMWT (x2(2) = 3.50, p = 0.174, Baseline: M = 0.73 + 1.27,
95% CI [-0.13, 1.58]; after the intervention program: M = 0.27 + 0.90, 95% CI [-0.33, 0.88]; and after the
detraining period: M = 0.09 = 0.30, 95% CI [-0.11, 0.29]). There were also no significant differences in
leg fatigue (x2(2) = 0.80, p = 0.670, Baseline: M = 0.45 + 1.21, 95% CI [-0.36, 1.27]; after the intervention
program: M = 0.55 + 1.21, 95% CI [-0.27, 1.36]; and after the detraining period: M = 0.36 +0.92, 95% CI
[-0.26, 0.98]).

The handgrip strength test revealed no statistically significant differences between the three time
points (x*(2) = 4.32, p = 0.115), with a small effect size of 0.17 (Baseline: M =29.9 + 7.9, 95% CI [25.6,
34.2]; after the intervention program: M = 29.9 + 8.5, 95% CI [25.3, 34.5]; after the detraining period:
M=29.4+8.2,95% CI [25.0, 33.9]).
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Figure 2. Oxygen saturation results during the 6MWT at three timepoints.
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Figure 3. Heart rate results during the 6MWT at three timepoints.

Figure 4 shows that the oxygen breath at the first minute of recovery after the 6tMWT showed a
statistically significant difference across the three time points (x*(2) = 6.17, p = 0.046), with a moderate
effect size of 0.29 (Baseline: M =16.3 £ 7.9, 95% CI [12.0, 20.6], and after the intervention program: M
=21.1+8.6,95% CI[16.4, 25.7]; after the detraining period: M =21.2+7.5,95% CI [17.1, 25.3]). Pairwise
comparisons, after applying Bonferroni correction, revealed no statistically significant differences
between baseline and after the intervention program (p = 0.148), between baseline and after the
detraining period (p = 0.144), or between after the intervention program and after the detraining
period (p = 1.000). Cohen's d for the paired comparisons showed moderate effects: between baseline
and post-intervention (d = —0.49), between post-intervention and detraining (d = —0.03), and between
baseline and detraining (d =-0.58).

55 —=e— Baseline
—®— After 4-week training
50 After 4-week detraining
H
g 4
S
5]
v 40
2 35 /
= #
£ 30 )
5
- 25
&
Z 20
o
15
10 %

Resting End of 6tMWT 1st minute of recovery
Figure 4. Results in oxygen breath between the three timepoints.

Figure 5 shows the pulse-respiration quotient at the end of the 6MWT. This parameter showed
a statistically significant difference across the three time points (x*(2) = 8.60, p = 0.014), with a
moderate effect size of 0.31 (Baseline: M = 5.2 + 2.2, 95% CI [4.1, 6.4], the intervention program: M =
42 +1.3,95% CI [3.4, 4.9] and after the detraining period: M = 5.3 + 1.8, 95% CI [4.3, 6.3]). Pairwise
comparisons revealed no statistically significant differences between baseline and the intervention
program (p =0.041, Bonferroni-adjusted p =0.122) or between baseline and after the detraining period
(p = 0.905, Bonferroni-adjusted p = 1.000). However, a statistically significant difference was found
between the intervention program and detraining period (p = 0.007, Bonferroni-adjusted p = 0.022).
Cohen's d for paired comparisons showed a moderate effect size between baseline and post-
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intervention (d = 0.61), a negligible effect size between baseline and detraining (d =-0.04), and a large

effect size between post-intervention and detraining (d

Pulse-respiration quotient at 6MWT

=-1.08).

——e— Baseline
——&— After 4-week training

After 4-week detraining

Resting

End of 6MWT

1st minute of recovery

Figure 5. Results in pulse-respiration quotient between the three timepoints.

Table 4. Correlations result between physical fitness parameters, anxiety — depression and sub-domains of

quality of life.
Variable, Unit Variable, Unit Baseline After 4-week training  After 4-week detraining
HADS, score 6MWT (m) r=-0.574,p=0.040 r=-0.584, p=0.036 r=-0.583, p =0.036

Physical functioning, score 6MWT (m)

fﬁ/V O, . (mL)

fﬁ/V O, eng-ovwr (ML)

V/MVV e ()
Physical health, score 6MWT (m)

VO, na.onwr (L-min)

f[s/ Voz end-6MWT (mL)

VeMVV i owr (%)
Energy/fatigue, score 6MWT (m)

O, ey (ML-min)

f ﬁ/V O, enc-emwr (ML)
Emotional well-being, score 6tMWT (m)

VO, i ovwr (ML-min)

fﬁ/V O, . (mL)

fﬁ/V O, eng-svwr (ML)
Social functioning, score f ﬁ/V O, e (ML)

VeMVV s owr (%)
General health, score fﬁ/ VO, . (mL)

f ﬁ/V O, enceevwr ML)

r=0.632, p=0.021
NS

NS
NS
r=0.604, p =0.029
NS
NS

NS
NS
NS

NS
r=0.658, p=0.015
NS

NS
NS
NS
NS
NS
NS

r=0.698, p=0.021 NS
r=0.686, p=0.010 NS
r=0.759, p=0.003 NS
NS r=-0.626, p=0.022
r=0.697, p=0.008 NS
r=0.583, p=0.037 NS
r=0.660, p=0.014 NS

NS
r=0.588, p=0.035

r=-0.679, p=0.011
r=0.685, p=0.010

r=0563, p=0.045 NS
r=0.627, p=0.022 NS

NS r=0.631, p=0.021
r=0.565, p = 0.044 NS

r=0.583, p=0.037 NS

r=0.697, p=0.011 NS

r=0.644, p=0.017 NS

NS r=-0.618, p=0.024
r=0.671, p=0.012 NS

r=0.583, p=0.037 NS

Abbreviations: 6MWT = six-minute walking test; f3/VO2 = oxygen breath; VE/MVV = breathing reserve; VO2 =

oxygen consumption.

4. Discussion

To our knowledge, this is the first study to investigate any differences physical fitness, quality

of life and anxiety and depression in patients with IPF after four weeks of tele-exercise rehabilitation

program and four weeks of detraining. Our findings showed different adjustments between the three
timepoints in physical fitness (x3(2) = 12.13, p = 0.002), quality of life score (x*(2) = 11.79, p = 0.003)

and anxiety and depression score (x%(2) = 8.38, p =0.015).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0626.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 July 2025

10 of 14

Our results showed that 4-week tele-exercise rehabilitation program improved the as recorded
distance covered 6MWT. On average, the patients in our study had a maximal oxygen uptake of 45.2
+13.0% of the predicted value at three timepoints, a ventilatory ratio to maximal ventilation volume
of approximately 27%, and a SpO, nadir of 6.0 + 3.6% during the 6MWT. In people with IPF, gas
exchange is greatly inhibited because of the changes to the alveolar-capillary membrane. The
thickening and fibrosis of the interstitium impacts the diffusion of oxygen from the alveoli into
pulmonary capillaries, resulting in reduced diffusing capacity [28]. This restriction is most
pronounced during physical activity when there is an increase in demand for oxygen, but the
damaged membrane is unable to provide sufficient support. Consequently, patients often experience
exertional hypoxemia with increased alveolar-arterial oxygen gradient (A-a PO,) and diminished
hypoxemia. Moreover, ventilation-perfusion (VA/Q) mismatch caused by fibrotic regions that are
poorly ventilated but adequately perfused stagnates the already present hypoxemia [28]. These
impairments result in insufficient arterial oxygenation, causing severe shortness of breath during
low-intensity exertion and intolerance to physical activity or exercise of any kind. Our results showed
no significant changes in the dyspnoea response at any of the three timepoints after the 6MWT. The
frequent hypoxia status in IPF patients due to ventilation-perfusion (VA/Q) mismatch, causes
increase in on tissue-level oxidative metabolism and the supply of oxygen in the circulation, the shift
to dominant-energy pathways via an-aerobic metabolism is delayed, while ventilatory response
amplified metabolic demands and stress. Our results showed no significant changes in hemodynamic
parameters at any of the three timepoints. Moreover, due to frequent hypoxia and inactivity status,
structural limitations are observed. According to Bueno et al. [29], mitochondrial dysfunction plays
a pivotal role in both disease progression and exercise intolerance in IPF. Repeated epithelial injury
and chronic oxidative stress impair mitochondrial homeostasis in alveolar type II cells and skeletal
muscle fibers [29]. This dysfunction is characterized by altered mitochondrial biogenesis, reduced
ATP production, increased reactive oxygen species generation, and impaired mitophagy [30]. In
skeletal muscle, mitochondrial inefficiency compromises aerobic energy production, contributing to
early onset of muscular fatigue, decreased oxygen utilization, and increased lactate accumulation
during physical activity [12]. This peripheral limitation amplifies the sensation of dyspnea and
further limits exercise tolerance [31]. Systematic exercise training has been shown to reduce the
perception of dyspnea in patients with chronic respiratory disease. A previous study has shown that
the desensitization of central neural networks involved in dyspnea perception, such as the insular
cortex, anterior cingulate cortex and limbic system [32] affected by repeated exposure to controlled
exertional stress (e.g. exercise) desensitizes the afferent signaling pathways from respiratory
mechanoreceptors and chemoreceptors, resulting in a reduced central response to a given level of
ventilatory effort. In addition, exercise increases skeletal muscle oxidative capacity and
mitochondrial efficiency, delaying the onset of peripheral muscle fatigue [33], increase resistance to
peripheral muscle fatigue, and reduced accumulation of metabolic by-products such as lactate acid
and therefore less afferent input to the brainstem and dyspnea centers [34].

As reported by Stavrou et al. [21], physical exercise enhances functional capacity during
submaximal effort and improves autonomic regulation. These benefits are closely tied to mechanisms
involving the respiratory metaboreflex. Strengthening the respiratory muscles through training can
raise the activation threshold of this reflex, mitigating key limiting factors such as dyspnea and
peripheral fatigue. This, in turn, improves physical performance. Furthermore, exercise-induced
adaptations influence autonomic reflex pathways, particularly those involving baroreceptors and
chemoreceptors. This aligns with the concept of competitive resource distribution between the
diaphragm and locomotor muscles, such as the quadriceps. In the current study, the intervention
period consisted of four weeks of training three days per week, with each session lasting
approximately 35 minutes and involving submaximal interval exercise. Our results showed a
relationship between HADS scores and performance, quality of life subdomains, and
cardiorespiratory parameters and performance. However, the positive effects observed during the
intervention period diminished or became negative during the detraining period (see Table 4).
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Our findings also revealed temporal variations in oxygen breath efficiency, as well as in the PRQ,
at the three testing points. Oxygen breath measurement is an indicator of respiratory adequacy and
represents the metabolic return of individual breaths. In patients with IPF, tidal volume is a
significant parameter that tends to adjust as a compensatory phenomenon to provide adequate
ventilation. These adjustments most likely reflect systemic changes in breathing patterns designed to
maximize endurance during physical exertion. Failure to make appropriate alterations to these
mechanisms during exercise may lead to impaired performance. Systematic breathing therapy in IPF
patients, particularly when combined with exercise training, has been associated with increased vagal
tone, resulting in more stable autonomic regulation. Enhanced parasympathetic drive improves
respiratory efficiency and oxygenation, which can minimize symptoms such as breathlessness and
optimize respiratory mechanics during exertion. Patients therefore experience increased ease of
breathing and greater exercise tolerance [35]. Additionally, the PRQ is an overall index of
cardiopulmonary synchrony that has been correlated with physiological conditions such as anxiety,
respiratory illness and cardiovascular insufficiency. As PRQ indexes the effect of vagal activity, it
provides insight into the balance of autonomic activity in these systems. In IPF patients, exercise can
improve vagus nerve function by increasing parasympathetic output to enhance vagal tone. This
supports the idea of a more universal interaction between autonomic function and respiratory
dynamics via vagally mediated respiratory rhythms [35]. Furthermore, breathing patterns play a key
role in controlling cardiac vagal activity, as the respiratory control system is influenced by both
voluntary and automatic breathing commands. Variables such as respiratory cycle duration and heart
rate variability influence this integration [21]. Finally, vagus nerve stimulation through slow, deep
breathing has been demonstrated to alleviate anxiety and augment vagal outflow, prompting
physiological and psychobiological responses that bolster parasympathetic dominance [36].

4.1. Limitations and Strengths

One of the greatest strengths of the present study is that, to our knowledge, it is the first study
to examine the impact of an organized, home-based tele-exercise program on cardiopulmonary and
autonomic indices in patients with idiopathic pulmonary fibrosis (IPF). The study's prospective
design, combined with the use of objective physiological parameters such as the pulse-respiration
quotient and oxygen breath, makes the findings new and clinically relevant. The addition of a
detraining phase also provides evidence regarding the persistence of short-term, exercise-related
adaptations. Furthermore, the use of validated tools to assess fatigue, dyspnea, anxiety and functional
capacity enhances the methodological rigour of the assessment. However, this study has some
limitations. The limited sample size and the absence of a control group restrict statistical power and
generalizability. The short duration of the training and detraining periods themselves cannot span
the full scope of changes in physiological or behavioral status over time. Additionally, all participants
were clinically stable and technologically knowledgeable, which represents a limitation of selection
bias. While there was improvement in fatigue and some functional parameters, others did not
improve, potentially due to the limited duration or participant baseline stability.

5. Conclusions

Tele-exercise appears to be a highly promising, patient-centered and convenient approach for
patients with idiopathic pulmonary fibrosis (IPF). This study demonstrates that even brief remote
training sessions can improve fatigue and functional status, suggesting that tele-exercise could be
integrated into daily pulmonary management. As a cost-effective and scalable alternative to
conventional rehabilitation, tele-exercise offers valuable opportunities to improve access to care and
ensure its continuity for IPF patients, particularly those with mobility limitations, geographic
limitations, and/or infection risk.
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