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Abstract
Background Our objective was to evaluate the short-, medium- and long-term benefits of home-based
pulmonary rehabilitation (PR) on the physical and affective components of dyspnoea in people with
fibrotic idiopathic interstitial pneumonias (f-IIPs). Anxiety and depressive symptoms, fatigue, health-
related quality of life and exercise tolerance were also assessed.
Methods Data on 166 individuals with f-IIPs who enrolled in an 8-week home-based PR programme
(weekly supervised 90-min session) were retrospectively analysed. Assessments included the Dyspnoea-12
(D-12) questionnaire, Hospital Anxiety and Depression Scale, Fatigue Assessment Scale, Visual Simplified
Respiratory Questionnaire and 6-min stepper test, and were performed at home at short, medium
(6 months) and long (12 months) term.
Results Among the 166 individuals with f-IIPs who enrolled in PR, 75 (45%) and 91 (55%) participants
had a diagnosis of idiopathic pulmonary fibrosis and fibrosing non-specific interstitial pneumonia,
respectively, and 87 (52%) participants concluded a full year of follow-up. In the total group, both physical
and affective components of dyspnoea were improved, at short, medium and long term, after PR. Overall,
half of the participants reached the minimally important difference of 3 points of the D-12 questionnaire at
the end of PR, and at the 6- and 12-month follow-ups. Anxiety and depressive symptoms, fatigue and
health-related quality of life were also improved, while the short-term benefits in exercise tolerance were
not maintained 1 year after PR.
Conclusion An individualised home-based PR programme resulted in short-, medium- and long-term
improvements in both physical and affective components of dyspnoea assessed by the D-12 questionnaire.

Introduction
Fibrotic idiopathic interstitial pneumonias (f-IIPs), including idiopathic pulmonary fibrosis (IPF) and
fibrosing non-specific interstitial pneumonia (f-NSIP), belong to the family of rare interstitial lung diseases
(ILDs) with a worldwide prevalence estimated between 6.3 and 71 per 100 000 people [1]. While IPF, the
most prevalent ILD, mainly affects men about 60 years old with a history of smoking and has a survival
between 3 and 5 years, NSIP mainly affects non-smoking women with a better prognosis [1].

By affecting 68–98% of the individuals, dyspnoea is the most reported symptom in f-IIPs [2]. Dyspnoea
has been associated with impaired health-related quality of life (HRQoL) [3], exercise tolerance [4, 5] and
physical activity [6], and it represents the main cause of suffering at the end stage of the disease [7]. A
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pooled data analysis of multinational phase 3 trials conducted in IPF showed that pirfenidone (an
antifibrotic agent) had no effect on dyspnoea increase over time [8]. Therefore, dyspnoea represents a
primary cause of suffering in people with f-IIPs that may not be relieved by current drug therapies.

Pulmonary rehabilitation (PR) is a comprehensive intervention including education, physical training and
self-management and motivational strategies that is offered to individuals with chronic respiratory diseases
to improve HRQoL and exercise tolerance [9, 10]. In heterogeneous populations of ILDs, PR has been
effective for improving HRQoL, exercise tolerance and exercise-related dyspnoea [11–15], but these benefits
are not always maintained 6 months following the intervention, especially in people with IPF [13].
Strategies such as repeated PR [16] or long-term motivational sessions using tele-rehabilitation could be a
solution to overcome the loss of benefits. In f-IIPs, we previously reported short- and long-term positive
benefits of a home-based PR programme on exercise tolerance, HRQoL and anxiety symptoms [5].
Evaluating the long-term changes following PR in f-IIPs is important since the progressive nature of the
disease and exercise-induced hypoxaemia may limit the PR benefits over time. The effectiveness of PR for
reducing dyspnoea in f-IIPs is more controversial, in which the variability of tools used to assess dyspnoea,
their unidimensional evaluation and their low sensitivity to PR are often mentioned as limitations [17].
Although dyspnoea is defined as a subjective experience of breathing discomfort including sensory, physical
and affective dimensions [18], studies mainly assess dyspnoea with unidimensional tools, such as the
Baseline Dyspnoea Index or the modified Medical Research Council (mMRC) dyspnoea scale [13, 17].
Multidimensional tools have been developed to address this issue, such as the Dyspnoea-12 (D-12)
questionnaire, which is a validated self-reported questionnaire [19] that provides an evaluation of both
physical and affective components of dyspnoea during daily life activities [20].

Therefore, the aim of the study was to evaluate the short-, medium- and long-term benefits of a
home-based PR programme on the physical and affective components of dyspnoea assessed by the D-12
questionnaire in people with f-IIPs. The secondary outcomes were the changes in anxiety and depressive
symptoms, HRQoL and exercise tolerance.

Methods
Study design and participants
This was a single-centre retrospective study conducted on prospectively collected data, from September
2014 to June 2018. Eligible individuals, aged ⩾18 years, were referred to the home-based PR programme
by their respiratory specialist who was responsible for providing the clinical assessment, certifying the
diagnosis of f-IIPs [21] and validating that the participants were absent of cardiovascular contraindications
to exercise training. Depending on the respiratory specialist, the majority of the patients had the choice
between home-based and centre-based PR, while a minority, often the frailest ones, were offered
home-based PR only. Exclusion criteria were dementia or poorly controlled psychiatric illness,
neurological sequelae or bone and joint diseases preventing physical activity. The study was approved by
the Observational Research Protocol Evaluation Committee of the Société de Pneumologie de Langue
Française (CEPRO; number 2021-054). All participants were informed and gave their written consent to
use the collected data for research purposes.

PR programme
All participants performed an 8-week home-based PR programme, consisting of a weekly supervised
90-min home session, during which education, self-management strategies and physical training were
implemented as previously described [22]. The intervention was designed according to an initial evaluation
of the individual’s needs and expectations, and then implemented throughout the programme through a
collaborative process between the PR team, the patient and his/her caregiver. The healthcare team received
the same standardised therapeutic education training from a licensed instructor. Apart from the weekly visit
of the team member who supervised the sessions, participants were expected to perform, on their own,
personalised physical training (at least four additional non-supervised sessions per week) and
self-management plan the rest of the week. To implement the personalised self-management plan,
interactive presentations, card games and an illustrated folder were used and left at the patient’s home. The
main objective of the negotiated weekly plan was to implement realistic and positive health behaviour
changes in the patient’s daily life, at short term (during PR) but especially at long term, during which there
was no visit by the PR team members apart from those mandated to complete the evaluation at 6 and
12 months after PR. The personalised self-management plan was also re-assessed during these two
follow-up sessions.

The core education topics included pathophysiology of f-IIPs, medication and its use, prevention and
recognition of exacerbations, physical exercise and exercise-induced hypoxaemia, breathing strategies,
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stress management and emotional responses related to the disease and dyspnoea, management of oxygen
therapy and end of life [23]. According to individual needs, other interventions could be added: nutritional
counselling, smoking cessation strategies, airway clearance techniques, relaxation techniques such as yoga,
cardiac coherence, mindfulness meditation and hypnosis.

Each participant received a cycle ergometer (Domyos 120; Decathlon, Villeneuve-d’Ascq, France) and/or a
stepper (Go Sport, Grenoble, France), and other muscle strengthening equipment such as dumbbells, elastic
bands, Swiss ball or foam balls, for the duration of the 8-week intervention. Loaned equipment was
collected at the end of the 8-week exercise training, with an exception for the elastic bands and foam balls
that were given to patients. Regarding the cardiorespiratory training, the goal was to achieve a total of 30–
45 min of daily exercise (performed by 10-min sequences or shorter according to their respective physical
capacity) at least five sessions per week (including the weekly supervised session). Exercise intensity was
progressively adjusted to reach a dyspnoea score between 3 and 4 on the Borg 0–10 scale or 11–13 on the
Borg 6–20 scale [24]. Exercise training could be performed with oxygen supply according to the
individual’s medical prescription. When exercise oxygen saturation was <85% despite the prescribed
oxygen supply, oxygen flow was increased to ensure an exercise peripheral oxygen saturation >85%. In
this case, a 24-h oximetry test was performed at the patient’s home and a report was sent to the prescribing
physician for adjusting oxygen flow, if needed.

Assessments
Lung function [25], medication and comorbidity data were collected from the individual’s medical record
provided by the respiratory specialist. The EPICES multidimensional questionnaire was used to assess
social deprivation [26]. Participants were evaluated at home, at the beginning (M0), at the end of PR (M2,
short term) and at 6 months (M8, medium term) and 12 months (M14, long term) after the end of PR, to
conclude a full year of follow-up post-PR.

Dyspnoea was assessed with the French validated version of the D-12 questionnaire [27]. Each 12-item
(seven items for the physical component and five items for the affective component) score ranges from 0
(“none”) to 3 (“severe”) with a total score ranging from 0 to 36 (lower is better), a physical score ranging
from 0 to 21 and an affective score ranging from 0 to 15 [19]. A minimal clinically important difference
(MCID) of −4 to −6 points in the D-12 total score was reported after PR in people with severe
COPD [28]. In individuals with chronic cardiorespiratory diseases a minimally important difference (MID) of
−3 points has been reported (2 points for the physical component and 1 point for the affective component) [29].
The mMRC dyspnoea scale was also used to evaluate the physical dimension of dyspnoea.

The Hospital Anxiety and Depression Scale (HADS) (14 items: seven each for anxiety and depression with
minimum and maximum subscores of 0 and 21; lower is better) [30] and the Fatigue Assessment Scale
(FAS) (10 items: five reflecting physical fatigue and five reflecting mental fatigue with a test score ranging
from 10 to 50; lower is better) [31] were assessed. A HADS anxiety or depressive symptom score >11
indicates a probable clinical diagnosis of anxiety or depression and a change of 1.5 units is considered as
the MCID in people with COPD, while a FAS score ⩾22 suggests abnormal fatigue and a change of
4 points is considered as the MCID in people with sarcoidosis [32].

HRQoL was evaluated with the Visual Simplified Respiratory Questionnaire (VSRQ) (eight questions on a
scale from 0 to 10 with a total score ranging from 0 to 80; higher is better) [33].

The 6-min stepper test (6MST) was used to evaluate exercise tolerance at home [34]. The MCID of the
6MST is considered to be a change of 40 steps in people with COPD [35].

Statistical analysis
Statistical analyses were performed using SPSS version 28.0 (IBM, Armonk, NY, USA) and the
significance threshold was considered at 0.05. Continuous variables are expressed as mean with standard
deviation or median with standard error (interquartile range (IQR) for non-normal distribution). Normality
of distribution was assessed using histograms and Shapiro–Wilk tests. At baseline, comparison between
groups (IPF versus f-NSIP) was performed using the t-test or Wilcoxon test in case of non-normality for
quantitative variables and the Chi-squared or Fisher’s exact tests in case of non-normality for qualitative
variables.

Linear mixed models with a random intercept to account for the correlation between samples obtained
within the same individuals were used to evaluate the changes in study outcomes over time (M2, M8 and
M14). Normality of the model residuals was checked for each outcome using graphs of conditional
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residuals. The missing data (participants who dropped out at M2, M8 and M14) were imputed using a
regression-switching approach [36]. Estimates obtained in the different imputed datasets were combined
using Rubin’s rules. A sensitivity analysis was performed on the participants who completed the 12-month
follow-up (n=87).

Results
Baseline characteristics
We retrospectively analysed data on 166 individuals with f-IIPs who enrolled in PR, of which 87 (52%)
participants concluded a full year of follow-up (figure 1). Compared with the participants who concluded a
full year of follow-up, participants who dropped out of the study (n=79 (48%)) were characterised at
baseline by older age (71.2±10.6 versus 66.2±10.2 years; p=0.003), a lower diffusing capacity of the lung
for carbon monoxide (DLCO) (31.9±14.0% predicted versus 39.0±13.3% predicted; p=0.008), higher
dyspnoea (affective component) (7.2±5.3 versus 5.2±4.6 points; p<0.015), depressive symptoms (8.6±4.5
versus 6.0±4.0 points; p<0.001) and fatigue (28.7±7.9 versus 24.3±7.9 points; p<0.001) and poorer
HRQoL (27.9±14.6 versus 38.5±15.6 points; p<0.001) and exercise tolerance (262±178 versus 393
±183 steps; p<0.001) (supplementary table A1). Overall, 20 (27%) individuals with IPF and 15 (17%)
individuals with f-NSIP died between the beginning of PR and the 1-year follow-up.

The majority of the enrolled participants were males (65%), overweight, aged 69±11 years old, with a
mean forced vital capacity (FVC) of 70±21% predicted and a mean DLCO of 36±14% predicted (table 1).
83% of the participants had long-term oxygen therapy (LTOT) and/or ambulatory oxygen at baseline;
among them, 70 (51%) participants did not complete the 1-year follow-up (39% died and 3% received

Entered into pulmonary rehabilitation programme (n=166)

IPF (n=75)

Programme completed (n=62 (82.7%))

f-NSIP (n=91)

Programme completed (n=83 (91.2%))

Programme interrupted (n=13):

    Death (n=5)

    Refused to attend visit (n=4)

    Lung transplantation (n=1)

    Physical disability (n=1)

    Hospitalisation (n=2)

Programme interrupted (n=8):

    Death (n=1)

    Refused to attend visit (n=5)

    Physical disability (n=1)

    Other unspecified reasons (n=1)

Patients not evaluated at 6 months (n=16):

    Death (n=8)

    Refusal to attend visit (n=4)

    Loss to follow-up (n=2)

    Lung transplantation (n=1)

    Physical disability (n=1)    

Patients not evaluated at 6 months (n=18):

    Death (n=9)

    Refusal to attend visit (n=3)

    Loss to follow-up (n=2)

    Lung transplantation (n=1)

    Physical disability (n=3)    

Evaluated at 6 months (n=46 (61.3%)) Evaluated at 6 months (n=65 (71.4%))

Evaluated at 12 months (n=34 (45.3%)) Evaluated at 12 months (n=53 (58.2%))

Patients not evaluated at 12 months (n=12):

    Death (n=7)

    Refusal to attend visit (n=3)

    Physical disability (n=2)    

Patients not evaluated at 12 months (n=12):

    Death (n=5)

    Refusal to attend visit (n=3)

    Loss to follow-up (n=2)

    Lung transplantation (n=1)

    Physical disability (n=1)    

FIGURE 1 Flowchart of the follow-up of study participants. IPF: idiopathic pulmonary fibrosis; f-NSIP: fibrosing
non-specific interstitial pneumonia.
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lung transplantation). Among the 166 included participants, 75 (45%) and 91 (55%) participants had a
diagnosis of IPF and f-NSIP, respectively. Participants with f-NSIP were more often females (52% versus
15%), who never smoked (62% versus 31%), with a more severe lung volume restriction (FVC 63%
predicted versus 71% predicted) and were more often treated with anxiolytics for anxiety symptoms
(42% versus 29%) and oral corticosteroids (77% versus 44%) compared with individuals with IPF (table 1).

The study baseline assessments are presented in table 2. Results were not statistically or clinically different
between groups (table 2). Among the total group, 40 (24%) and 30 (18%) participants reported anxiety and

TABLE 1 Baseline characteristics of the participants according to fibrotic idiopathic interstitial pneumonia
disease status

Total (n=166) IPF (n=75) f-NSIP (n=91) p-value

Age, years 68.6±10.7 69.7±9.7 67.7±11.4 0.22
Male 108 (65) 64 (85) 44 (48) <0.001
BMI, kg·m−2 29±8.6 27.7±7.6 30.2±10.4 0.054
Social deprivation 55 (35) 22 (29) 33 (38) 0.059
Smoking status 0.016
Current smoker 4 (2) 3 (4) 1 (1)
Ex-smoker 82 (50) 49 (65) 33 (37)
Never-smoker 78 (48) 23 (31) 55 (62)

Pulmonary function test#

FEV1 % pred 66.4±19.2 75.4±19.0 65.1±21.2 0.001
FVC % pred 69.6±20.8 70.6±18.1 63.1±19.5 0.011
DLCO % pred 35.8±14.0 34.9±14.0 36.5±14.0 0.559

LTOT and/or ambulatory oxygen 138 (83) 62 (83) 76 (84) 0.885
Antifibrotic agents 54 (33) 49 (65) 5 (6) <0.001
Oral corticosteroids 103 (62) 33 (44) 70 (77) <0.001
Immunosuppressants 44 (27) 4 (5) 40 (44) <0.001
Comorbidities#

Ischaemic heart disease 32 (19) 18 (24) 14 (15) 0.158
Hypertension 86 (52) 40 (53) 46 (51) 0.723
Diabetes 46 (28) 22 (29) 24 (26) 0.674
Anxiety 60 (36) 22 (29) 38 (42) 0.010
Depression 31 (19) 11 (15) 20 (22) 0.224

Data are presented as mean±SD or n (%), unless otherwise stated. IPF: idiopathic pulmonary fibrosis; f-NSIP:
fibrosing non-specific interstitial pneumonia; BMI: body mass index; FEV1: forced expiratory volume in 1 s; FVC:
forced vital capacity; DLCO: diffusing capacity of the lung for carbon monoxide; LTOT: long-term oxygen therapy.
#: collected from the medical record provided by the respiratory specialist.

TABLE 2 Baseline assessment scores according to fibrotic idiopathic interstitial pneumonia disease status

Total IPF f-NSIP p-value

Dyspnoea-12
Physical (0–21) 11.4±4.9 11.1±4.3 11.6±5.4 0.760
Affective (0–15) 6.3±4.2 6.0±4.0 6.5±4.4 0.362
Total (0–36) 17.7±8.4 17.2±7.6 18.2±9.0 0.527

mMRC dyspnoea (0–4) 2.7±0.9 2.5±1.2 2.8±0.8 0.180
HADS Anxiety (0–21) 8.1±3.8 7.7±3.5 8.5±4.0 0.211
HADS Depression (0–21) 7.2±3.5 7.1±2.9 7.4±4.0 0.472
FAS (10–50) 26.6±6.8 26.8±6.4 26.4±7.1 0.701
VSRQ (0–80) 34.5±11.7 36.4±9.7 33.1±13.2 0.173
6MST, steps 366±129 372±115 360±139 0.666

Data are presented as mean±SD, unless otherwise stated. IPF: idiopathic pulmonary fibrosis; f-NSIP: fibrosing
non-specific interstitial pneumonia; mMRC: modified Medical Research Council; HADS: Hospital Anxiety and
Depression Scale; FAS: Fatigue Assessment Scale; VSRQ: Visual Simplified Respiratory Questionnaire; 6MST:
6-min stepper test.
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depression subscores >11 points, respectively (IPF: 15 (20%) and 10 (13%); p=0.260, respectively; f-NSIP:
25 (27%) and 20 (22%); p=0.197, respectively). Regarding baseline abnormal fatigue, this was reported by
75% of the patients with IPF and by 65% of the patients with f-NSIP (p=0.174).

Changes at short, medium and long term after PR
In the total group, both physical and affective components of dyspnoea (figure 2) and all the other
assessments were improved after PR (M2) (table 3). Only mMRC score and 6MST performance were not
significantly improved at medium and long term, respectively (table 3). Results of the sensitivity analysis
are presented in supplementary table A2. Changes in participants with f-NSIP were similar to those
reported in the total group (supplementary table A3). In participants with IPF, the affective component of
dyspnoea, mMRC score, VSRQ score and 6MST performance were no longer improved at the 1-year
follow-up after PR (supplementary table A4). According to the linear mixed models, the changes in the
study outcomes thorough time were similar between the f-NSIP group and the IPF group. The number of
individuals reaching the D-12 questionnaire total score and subscores MID [29] is presented in table 4.
Overall, the number of participants reaching the MID or the MCID of the D-12 questionnaire total score at
the end of PR and at the 6- and 12-month follow-ups was higher in participants with f-NSIP than in
participants with IPF.
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FIGURE 2 Dyspnoea-12 questionnaire a) physical subscore, b) affective subscore and c) total score at the beginning of the programme (M0) and at
short (M2), medium (M8) and long term (M14) after pulmonary rehabilitation in people with fibrosing non-specific interstitial pneumonia (f-NSIP)
and idiopathic pulmonary fibrosis (IPF). The red dashed lines in a), b) and c) indicate the expected minimal important difference of −2 points in
the physical component score, −1 point in the affective component score and −3 points in the total score, respectively. The blue dashed lines in c)
indicate the expected minimal clinically important difference of −4 points in the total score. *: p<0.05.
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Discussion
This real-life study conducted in patients with severe f-IIPs, in whom 83% required LTOT and/or
ambulatory oxygen, showed that an 8-week individualised home-based PR programme was associated with
short-, medium- and long-term improvements in both physical and affective components of dyspnoea
assessed by the D-12 questionnaire. These changes were also clinically significant, although the benefits
on affective and physical dyspnoea seemed to fade over the long term. Anxiety and depressive symptoms,
fatigue and HRQoL were also improved at short, medium and long term. Only the short- and medium-term
improvements in exercise tolerance were not maintained at the 1-year follow-up. Both dyspnoea due to the
progression of the disease and/or exacerbation and/or the lack of motivation to engage and maintain regular
physical activity over the long term could partly explain this result. Baseline dyspnoea, anxiety and
depressive symptoms, fatigue, HRQoL and exercise tolerance were similar between people with IPF and
people with f-NSIP. However, improvements were more difficult to maintain at long term for the former.
The poorer prognosis and faster decline in IPF leading to a higher number of dropouts and deaths in the
present study (55% in IPF versus 43% in f-NSIP) may partly explain this result.

In a recent meta-analysis reporting the effects of PR in ILD [13, 17], dyspnoea was assessed using specific
tools like the mMRC scale or the Borg index, and non-specific tools like the Chronic Respiratory Disease
Questionnaire or the St George’s Respiratory Questionnaire. These tools do not cover the affective
dimension of dyspnoea, which may be more associated with the aforementioned comorbidities. Moreover,
neither the mMRC scale nor the Borg index are recommended as patient-reported outcome measures [37],
unlike the D-12 questionnaire which was specifically developed and validated in individuals with ILD
[19, 20]. A previous randomised controlled trial conducted by WADELL et al. [38] in patients with COPD
considered multidimensional tools for assessing dyspnoea and reported improvements in the affective
domain of dyspnoea following an 8-week outpatient PR programme, while the sensory-perceptual domain

TABLE 3 Changes in outcomes at short (M2), medium (M8) and long term (M14) after pulmonary rehabilitation in the total group

M2 M8 M14

Score ΔM2–M0 p-value Score ΔM8–M0 p-value Score ΔM14–M0 p-value

Dyspnoea-12
Physical (0–21) 9.4±4.9 −2.0±3.8 <0.001 9.4±4.5 −2.0±4.3 <0.001 9.8±4.6 −1.6±3.8 <0.001
Affective (0–15) 4.9±3.7 −1.4±2.6 <0.001 4.8±3.3 −1.5±2.9 <0.001 5.4±3.7 −0.9±2.5 <0.001
Total (0–36) 14.3±8.0 −3.4±5.7 <0.001 14.3±7.5 −3.5±6.2 <0.001 15.2±8.0 −2.5±5.5 <0.001

mMRC dyspnoea (0–4) 2.5±1.0 −0.2±0.6 0.013 2.7±0.9 0.0±0.7 0.472 2.5±1.0 −0.2±0.9 0.014
HADS Anxiety (0–21) 7.4±3.2 −0.8±2.3 0.001 6.6±2.8 −1.6±2.7 <0.001 7.7±3.3 −1.6±2.7 <0.001
HADS Depression (0–21) 6.6±3.1 −0.6±2.1 0.002 6.1±3.2 −1.1±2.4 <0.001 6.1±3.0 −1.1±2.2 <0.001
FAS (10–50) 24.5±5.8 −2.1±4.1 <0.001 24.4±6.0 −2.2±5.2 <0.001 24.8±6.0 −1.8±5.1 <0.001
VSRQ (0–80) 40.5±12.0 6.0±7.7 <0.001 40.2±11.9 5.7±8.5 <0.001 36.4±12.7 1.9±9.7 0.033
6MST, steps 420±135 48±80 <0.001 392±160 19±97 0.044 357±178 12±99 0.104

Data are presented as mean±SD, unless otherwise stated. mMRC: modified Medical Research Council; HADS: Hospital Anxiety and Depression Scale;
FAS: Fatigue Assessment Scale; VSRQ: Visual Simplified Respiratory Questionnaire; 6MST: 6-min stepper test.

TABLE 4 Number of individuals reaching the Dyspnoea-12 questionnaire minimally important difference (MID)
and minimal clinically important difference (MCID) according to fibrotic idiopathic interstitial pneumonia
disease status at short (M2), medium (M8) and long term (M14)

IPF f-NSIP

M2 M8 M14 M2 M8 M14

MID responders [29]
Physical: change ⩾−2 points 37 (49) 35 (47) 32 (43) 47 (52) 51 (56) 46 (51)
Affective: change ⩾−1 point 39 (52) 40 (53) 35 (47) 48 (53) 54 (59) 49 (54)
Total: change ⩾−3 points 39 (52) 38 (51) 36 (48) 50 (55) 50 (55) 47 (52)

MCID responders [28]
Total: change ⩾−4 points 35 (47) 34 (45) 27 (36) 42 (46) 45 (49) 44 (48)

Data are presented as n (%). IPF: idiopathic pulmonary fibrosis; f-NSIP: fibrosing non-specific interstitial
pneumonia.
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of dyspnoea was not improved. Although they did not use the D-12 questionnaire, our results support that
the affective domain of dyspnoea is sensitive to PR.

The MID of the D-12 questionnaire has not been yet specifically reported in patient with f-IIPS. EKSTRÖM

et al. [29] reported a MID total score of −3 points in individuals with various chronic respiratory disease
(among them 19% of the cohort had IPF), which should not be confused with the MCID of −4 to
−6 points reported by BEAUMONT et al. [28] in individuals with COPD who had performed PR. By taking
the lowest range value reported by BEAUMONT et al. [28], the number of individuals with f-NSIP reaching
the MCID ranged between 46% and 50% over the 1-year follow-up, while 47% of the individuals with IPF
reached the MCID at short and medium term and only 36% at long term. Despite that missing data have
been imputed to avoid overestimating the benefits of PR, the faster negative course of IPF and/or the high
number of disease exacerbations that we did not record, leading to greater anxiety and dyspnoea, might
have influenced this long-term result. Moreover, it is not clear whether D-12 questionnaire subscores can
be used and interpreted independently. BEAUMONT et al. [28] did not consider it appropriate to determine a
specific MCID for the affective and physical subscores. Studies are still needed to clarify the clinical
interpretation and sensitivity of the subdomains of the D-12 questionnaire. Regarding the mMRC changes,
the absence of significant or clinical improvements in both groups relaunched the usefulness of the mMRC
scale and its sensitivity to PR [13, 17].

Anxiety and depressive symptoms were also significantly improved at short, medium and long term in the
total group. The clinical improvement is questionable as only the f-NSIP group was able to achieve a
change >1.5 points at 6 and 12 months after PR. However, in both groups anxiety and depressive
symptoms scores were <11 points, which is lower than the scores reported in patients with COPD [39], but
consistent with the literature in people with ILD [5, 40, 41]. Despite that anxiety and depressive symptoms
affect 15–60% of people with ILD [41], none of the meta-analyses [13, 17] report the benefits of PR on
these comorbidities. Managing anxiety, depression and panic has been determined as a core educational
topic by health professionals and people with ILD [42], therefore evaluating anxiety and depressive
symptoms should be considered alongside dyspnoea assessment in PR. Finally, the short-term clinical
benefit (MCID of 40 steps) observed for exercise tolerance was not maintained at 6 and 12 months after
PR. HOLLAND et al. [11] reported similar results with the 6-min walk test after an 8-week outpatient PR,
while RYERSON et al. [14] demonstrated that benefits were maintained with a mean improvement of 49.8 m
after 6–9 weeks of PR. The proportion of patients with IPF between the two studies (60% for the former
and 41% for the latter) may explain the medium-term improvement difference. Using the 6MST, WALLAERT

et al. [5] reported long-term clinical improvements that were just above the MCID (42 steps). However,
when looking at the more severe participants who completed the study, it seems that clinical benefits were
not maintained 12 months after PR [5]. Moreover, WALLAERT et al. [5] did not impute their missing data
(45% dropout 1 year after the end of PR), which could also explain the differences with the present study.

Strengths and limitations
Despite that we included 166 individuals with f-IIPS, the monocentric, non-randomised nature of the study
and the absence of a control group may limit the scope of the results, which should be confirmed by
robustly designed randomised and controlled studies. However, data were collected systematically and
consistently as an integral part of the home-based PR programme which was conducted by the same trained
team. Because of the retrospective nature of the study, details regarding the number of participants using
LTOT and those only using ambulatory oxygen cannot be provided. Another limitation is the high number
of dropouts 12 months after the end of PR, especially in individuals with IPF. Two studies have reported
6-month dropouts of 17% [11] and 28% [14] in patients with ILD, which is lower than in the present study
(39% in IPF and 29% in f-NSIP). However, in the present study participants had a greater impairment of
gas exchange (mean DLCO 36% predicted versus 49% predicted [11] and 47% predicted [14]). Finally, for
each patient, the team member who supervised the home-based sessions also performed all the home
assessments. To avoid any human influence on the results, team members received the same training to
perform the exercise tolerance test (standardised instructions and no encouragement) and to complete the
questionnaires (at the beginning and at the end of PR, questionnaires were patient self-administrated).

Conclusions
Both physical and affective components of dyspnoea were reduced, at short, medium and long term, by
8 weeks of individualised real-life home-based PR in people with f-IIPs. Changes in anxiety and
depressive symptoms, fatigue and HRQoL were also positive, while the short-term benefits in exercise
tolerance were not maintained 1-year after PR.
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