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Abstract: Patients with fibrosing interstitial lung disease (FILD) have poor health-related quality of
life (HRQOL). We analyzed predictors of short-term improvement of HRQOL after starting pulmo-
nary rehabilitation (PR) in moderate to severe FILD patients. This study involved 28 consecutive
patients with FILD (20 males, median age of 77.5 years), who participated in PR program of our
hospital for >6 weeks. The St. George’s Respiratory Questionnaire (SGRQ) score and the 6-min walk
distance (6MWD) were evaluated before and after PR, and the predictors of efficacy of PR were
analyzed. The duration from diagnosis of FILD to start of PR showed a positive correlation with the
increase in the SGRQ score, and the baseline SGRQ score showed a negative correlation with in-
crease in the 6MWD. The FILD subtype, modified Medical Research Council score, and treatment
history were not associated with the endpoints. According to the receiver operating characteristic
curve (ROC) analyses, starting PR within 514 days after diagnosis of FILD was a significant favora-
ble predictor of improvement in the SGRQ total score more than a minimal clinically important
difference of 4. In this study, early intervention of PR and lower SGRQ score were associated with
the favorable response to PR. PR for FILD should be initiated early before the disease becomes se-

vere.

Keywords: pulmonary rehabilitation; exercise therapy; fibrosing interstitial lung disease; idiopathic
pulmonary fibrosis; health-related quality of life

1. Introduction

Fibrosing interstitial lung diseases (FILDs) are a group of diseases with heterogene-
ous etiologies such as connective tissue disease and environmental exposure. The major
subtype of FILD is idiopathic interstitial pneumonia (IIP), which is characterized by an
unknown etiology [1]. Patients with FILD show heterogeneous clinical behaviors, and the

J. Clin. Med. 2021, 10, 3153. https://doi.org/10.3390/jcm10143153

www.mdpi.com/journal/jem



J. Clin. Med. 2021, 10, 3153

2 of 10

patients who develop progressive lung fibrosis are termed with progressive fibrosing in-
terstitial lung disease (PF-ILD) [2,3]. Patients with PF-ILD have reduced health-related
quality of life (HRQOL) and survival expectancy [1-3]. Idiopathic pulmonary fibrosis
(IPF), a pathologically usual interstitial pneumonia, is the most common form of IIP [4-6].
The estimated prevalence of IPF reportedly ranges from 2 to 43 cases per 100,000 people
globally and 10 cases per 100,000 people in Japan [4,7]. Patients with IPF have a poorer
prognosis caused by disease progression than other FILD [1,4-6]. Patients with FILD often
experience impairment in their daily activities because of dyspnea on exertion, depres-
sion, and malnutrition with disease progression [8-12]. HRQOL questionnaires such as
the Saint George’s Respiratory Questionnaire (SGRQ), the degree of dyspnea, and exercise
tolerance are associated with one another and survival in patients with FILD [13-17].
Some randomized controlled trials (RCTs) and prospective or retrospective studies have
suggested that pulmonary rehabilitation (PR) is able to contribute to improvement of
symptoms, exercise tolerance, and HRQOL in patients with FILD [18-29]. PR may also
contribute to reducing mortality in patients with FILD, because some studies showed that
the SGRQ score, modified Medical Research Council (mMRC) score, lowest SpOz, and 6-
min walk distance (6MWD) were associated with survival in patients with IPF [15-17].
The consensus on the short-term efficacy of PR for patients with FILD has been described
in previous guidelines and reviews [5,6,8-10,18]. However, many studies showing the ef-
ficacy of PR have targeted patients with mild to moderate FILD and have not revealed the
efficacy of PR in those with severe FILD [20-29]. A milder degree of dyspnea and higher
pulmonary function, exercise tolerance, and HRQOL at baseline were associated with
higher efficacy of PR in some previous studies of PR [21,23,24,26,29]. However, no studies
have analyzed the most appropriate intervention timing of PR for patients with FILD. In
this study, we analyzed the predictors of the short-term efficacy of PR in patients with
FILD, including the PR intervention timing. In addition, previous studies of PR had ana-
lyzed patients with mild to moderate FILD [20-29]. Our study focuses on the efficacy of
PR for patients with more severe FILD in the previous studies.

2. Patients and Methods
2.1. Patients

We analyzed 28 consecutive patients with FILD (20 males, median age of 77.5 years)
of unknown etiology (so-called IIP) who participated in the PR program of our hospital,
a specialized institution for PR, for >6 weeks as in-hospital or ambulatory treatment from
October 2013 to October 2020. All patients with FILD were diagnosed and classified by
two well-experienced respiratory physicians specializing in diffuse lung disease based on
the global guidelines for IIP [1,4,6]. Patients who were diagnosed with secondary FILD
such as hypersensitivity pneumonia, connective tissue disease, or pneumoconiosis were
excluded from this study. Similarly, patients who began PR during merging acute exacer-
bation of FILD, infectious disease, and heart failure were excluded. Patients with malig-
nant disease uncontrolled by curative treatment were also excluded. All patients in this
study underwent examinations at the start and end of PR therapy, including the 6-min
walk test (6MWT), evaluation of symptoms, and assessment of HRQOL as measured by
the mMRC and SGRQ total scores in accordance with previously described methods
[13,30,31].

2.2. Pulmonary Rehabilitation Program

All patients participated in a standard PR program at our hospital. PR for FILD pa-
tients was usually started when dyspnea in patients worsened. We considered worsening
of dyspnea if the mMRC grade increases by 1 or more or if the patient becomes aware of
worsening after the second visit compared to the first visit. The outpatient program was
provided twice a week for 60 min each. The content of PR was determined according to
the baseline evaluation and consisted of instruction and education in breathing techniques
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and supervised exercise (strength training, treadmill, and bicycle ergometer) in accord-
ance with the standard protocol previously reported [8,23]. The inpatient program was
provided 5 days a week with content similar to that in the outpatient program. PR was
performed for 6 to 10 weeks in both outpatient and inpatient. The oxygen dose for patients
receiving long-term oxygen therapy (LTOT) during exercise therapy was similar to the
usual treatment dose.

2.3. Pulmonary Function Tests

Pulmonary function tests, including forced vital capacity (FVC) and forced expira-
tory volume in 1 s, were performed using an electrical spirometer according to the guide-
lines of the American Thoracic Society/European Respiratory Society [32].

2.4. Statistical Analyses

Data were expressed as median (25th—75th percentiles of interquartile range). The
present study analyzed a small population that is unlikely to be normally distributed, so
we performed a nonparametric statistical analysis. We analyzed comparisons and corre-
lations between two clinical parameters using the Mann-Whitney U test and Spearman’s
rank correlation coefficient. The clinical parameters before and after PR were compared
using the Wilcoxon signed-rank test. The mMRC score cut-off value (grade 3) and the
minimal clinically important difference (MCID) of the 6 MWD (24 m) and SGRQ total score
(4 points) were set in accordance with the previous reports [16,17,24,33,34]. The cut-off
levels of continuous parameters were determined as those with the highest Youden index
(i.e., sensitivity + specificity — 1) by receiver operating characteristic (ROC) curve analysis
[35]. A p-value < 0.05 was considered statistically significant. All statistical analyses were
performed using SPSS version 27.0 (IBM Corp., Armonk, NY, USA).

3. Results
3.1. Patient Characteristics

The patient characteristics are shown in Table 1. Among 28 patients with FILD, 21
(75%) were diagnosed with IPF and the remaining 7 (25%) were diagnosed with unclassi-
fiable IIP. The median duration from diagnosis of FILD to the start of PR was 656.5 (480.0—
1240.8) days. PR was performed in all patients for >6 weeks, and the median duration of
PR was 55.5 (42.0-74.0) days. The median FVC, 6MWD, and SGRQ total score were 58.2
(48.3-73.9) percent predicted, 266.0 (236.2-315.8) m, and 53.0 (37.7-68.9), respectively.
Among 28 patients with FILD, 9 (32%) received treatment with oral corticosteroids, 7
(25%) received treatment with anti-fibrotic agents, and 9 (32%) received LTOT.

Table 1. All patient baseline characteristics.

Patient Characteristics n=28
Age, yr 77.5 (75.0-81.0)
Gender: Male/Female 20 (71)/8 (29)
FILD subtype, IPF/Non-IPF 21 (75)/7 (25)
Duration from diagnosis to PR, days 656.5 (480.0-1240.8)
Duration of PR, days 55.5 (42.0-74.0)
BMI, kg/m? 20.1 (18.2-24.5)
FVC, %predicted 58.2 (48.3-73.9)
mMRC grade, 0/1/2/3/4 0 (0)/7 (25)/5 (18)/9 (32)/7 (25)
6MWD, m 266.0 (236.2-315.8)
SGRQ total score 53.0 (37.7-68.9)
Therapy at baseline
Corticosteroid 9 (32)
Anti-fibrotic agent 7 (25)
LTOT 9 (32)

Data are presented as median (interquartile range) for continuous variables and number (%) for
categorical variables. FILD, fibrotic interstitial lung disease; IPF, idiopathic pulmonary fibrosis;



J. Clin. Med. 2021, 10, 3153

4 of 10

PR, pulmonary rehabilitation; BMI, body mass index; FVC, forced vital capacity; mMRC, modified
Medical Research Council; 6 MWD, 6-min walk distance; SGRQ, St. George’s Respiratory Ques-
tionnaire; LTOT, long-term oxygen therapy.

3.2. Correlations among Baseline Clinical Data

The correlations among the baseline clinical data are shown in Table 2. Both the FVC
(Spearman’s r=-0.59, p = 0.0030) and 6MWD (Spearman’s r = -0.48, p = 0.018) were signif-
icantly correlated with the SGRQ total score. Age, duration from diagnosis of FILD to start
of PR, and body mass index (BMI) showed no significant correlation with either the
6MWD or SGRQ total score at baseline. The results of comparison between two groups by
the Mann-Whitney U test are shown in Table S1. Among the 28 patients with FILD, the
6MWD was lower in patients with non-IPF than in those with IPF (225.0 and 280.0 m,
respectively; p = 0.012), and in patients with mMRC grades 3 and 4 than in those with
mMRC grades 0, 1, and 2 (244.0 and 311.5 m, respectively; p = 0.022). The SGRQ total score
was higher in patients with mMRC grades 3 and 4 than in those with grades 0, 1, and 2
(65.0 and 38.0, respectively; p =0.0050) and in patients who did than did not receive LTOT
(70.9 and 46.0, respectively; p = 0.020). Treatment with neither oral corticosteroids nor anti-
fibrotic agents was associated with the SGRQ total score or 6MWD at baseline.

Table 2. Relationship of baseline values with 6MWD and SGRQ total score.

O 6MWD, m p Value SGRQ Total p Value
Age,yr -0.25 0.20 -0.26 0.21
Duration from diagnosis to PR, days -0.08 0.67 0.27 0.21
BMI, kg/m? 0.08 0.70 -0.34 0.10
FVC, %predicted 0.25 0.20 -0.59 0.0030*
6MWD, m - - -0.48 0.018 %
SGRQ total score -0.48 0.018 * - -

Data are presented as Spearman’s rho. PR, pulmonary rehabilitation; BMI, body mass index; FVC,
forced vital capacity; 6MWD, 6-min walk distance; SGRQ, St. George’s Respiratory Questionnaire.
*P <0.05.

3.3. Analyses of Predictors of Efficacy of PR

The results of the comparison between the 6MWD and SGRQ total score for analyz-
ing the short-term efficacy of PR are shown in Table 3. There was no improvement in the
6MWD (266.0 and 271.5 m, p = 0.26) or SGRQ total score (53.0 and 51.4, p = 0.62) between
before and after PR among all 28 patients with FILD.

Table 3. Changes in 6 MWD and SGRQ total score.

Pre PR Post PR p Value
6MWD, m 266.0 (236.2-315.8) 271.5 (219.2-320.0) 0.26
SGRQ total score 53.0 (37.7-68.9) 51.4 (30.7-67.1) 0.62

Data are presented as median (interquartile range). PR, pulmonary rehabilitation; 6SMWD, 6-min
walk distance; SGRQ, St. George’s Respiratory Questionnaire.

We analyzed whether baseline clinical data are correlated with change of 6MWD and
SGRQ total score after PR for detecting the predictor of the short-term efficacy of PR (Table
4). The duration from diagnosis of FILD to the start of PR showed a significant positive cor-
relation with the increase in the SGRQ total score after PR (Spearman’s r = 0.58, p = 0.0058).
The SGRQ total score at baseline showed a significant negative correlation with the increase
in the 6 MWD after PR (Spearman’s r = -0.46, p = 0.025). The BMI tended to show a positive
correlation with the increase in the 6MWD after PR (Spearman’s r = 0.34, p = 0.080). Age,
FVC, and 6MWD at baseline and duration of PR showed no significant correlation with ei-
ther the change in the 6 MWD or SGRQ total score after PR. We compared the change in the
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6MWD and SGRQ total score after PR between the two groups classified by their clinical
data at baseline (Table S2). Treatment with anti-fibrotic agents tended to be associated with
a greater increase in the 6MWD (40.0 vs. 5.0 m, p =0.087). There was no difference of increase
in the 6 MWD and the SGRQ total score in between male and female (8.5 vs. 8.5 m, p = 0.63
and -2.6 vs. 3.8 points, p = 0.29). Moreover, ILD subtype, mMRC score, and therapy at base-
line were not associated with either the change in the 6MWD or SGRQ total score after PR.
According to the above results, a shorter duration from diagnosis of FILD to the start of PR
and a lower baseline SGRQ total score can predict better response to PR.

Table 4. Relationship between baseline values and response to PR.

A6MWD ASGRQ Total
Spearman’s R p Value Spearman’s R p Value
Age, yr -0.15 0.44 0.022 0.92
Duration from diagnosis to PR, _031 011 0.58 0.0058*
days
Duration of PR, days 0.15 0.43 0.36 0.11
BMI, kg/m? 0.34 0.080 -0.36 0.11
FVC, %predicted 0.12 0.53 0.050 0.82
6MWD, m 0.21 0.29 0.052 0.82
SGRQ total score -0.46 0.025* 0.16 0.50

Data are presented as Spearman’s rho. PR, pulmonary rehabilitation; BMI, body mass index; FVC,
forced vital capacity; 6MWD, 6-min walk distance; SGRQ, St. George’s Respiratory Questionnaire.
*P <0.05.

The results of the ROC analyses are shown in Table 5. The ROC curves of clinical data
that were associated with the improvement over the MCID of the SGRQ total score or
6MWD are shown in Figure 1. Less than cut-off level of the duration from diagnosis of
FILD to the start of PR was significantly associated or tended to be associated with im-
provement over the MCID of the SGRQ total score after PR (MCID = 4 points, sensitivity
= 0.93, specificity = 0.71, area under ROC curve = 0.86, p = 0.0074), and 6MWD (MCID =24
m, sensitivity = 0.72, specificity = 0.60, area under ROC curve = 0.64, p = 0.087).

Table 5. Area under the curve for predicting improvement over MCID of (A) SGRQ total score and
(B) 6MWD.

A. SGRQ total score.

Cut-Off AUC (95% CI)  Sensitivity Specificity p Value
Level

Age, yr 77.5 0.53 (0.21-0.85) 0.71 0.71 0.82

Duration from diagnosis to PR, days ~ 514.5 0.86 (0.70-1.0) 0.93 0.71 0.0074 *
Duration of PR, days 54.0 0.70 (0.42-0.98) 0.71 0.86 0.14
BMI, kg/m? 24.8 0.55 (0.26-0.84) 0.86 0.43 0.71
FVC, %predicted 40.9 0.57 (0.29-0.86) 0.93 0.29 0.60
6MWD, m 324.0 0.51 (0.18-0.84) 0.86 0.43 0.94
SGRQ total score 373 0.59 (0.25-0.93) 0.93 0.57 0.50

B. 6MWD.
Age, yr 75.5 0.46 (0.24-0.68) 0.33 0.80 0.83
Duration from diagnosis to PR, days ~ 582.0 0.64 (0.42-0.86) 0.72 0.60 0.087
Duration of PR, days 52.5 0.68 (0.47-0.90) 0.56 0.80 0.12
BMI, kg/m? 24.5 0.64 (0.41-0.87) 0.89 0.50 0.23
FVC, %predicted 452 0.59 (0.35-0.83) 0.89 0.40 1.0

6MWD, m 336.5 0.64 (0.40-0.64) 1.0 0.40 0.31
SGRQ total score 35.2 0.65 (0.42-0.89) 0.93 0.40 0.18

MCID, minimal clinically important difference; AUC, area under receiver operating characteristic
curve; CI, confidence interval; PR, pulmonary rehabilitation; BMI, body mass index; FVC, forced
vital capacity; 6MWD, 6-min walk distance; SGRQ, St. George’s Respiratory Questionnaire.
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Figure 1. ROC curve for predicting improvement of more than minimal clinically important differ-
ence of (A) SGRQ total score (4 points) and (B) 6MWD (24 m) by duration from diagnosis of FILD
to start of PR. ROC, receiver operating characteristic; AUC, area under curve; SGRQ, St. George’s
Respiratory Questionnaire; 6(MWD, 6-min walk distance; FILD, fibrosing interstitial lung disease;
PR, pulmonary rehabilitation.

4. Discussion

In the present study, we analyzed the clinical factors that may predict short-term ef-
ficacy of PR for patients with more severe FILD than those in previous reports in a spe-
cialized institution for PR. Among the patients in the 10 reports of PR [20-29], the median
FVC at baseline was <60% in only one report and ranged from 54.1% to 78% predicted,
and the median 6MWD at baseline was 308 to 526 m; these values were higher than those
in the present study. We found that a shorter duration from diagnosis of FILD to start of
PR was associated with improvement in the SGRQ total score, and the lower SGRQ total
score at baseline was associated with improvement in 6MWD. In the present study, gen-
der was not associated with the change in 6MWD and SGRQ total score. Previous studies
of PR for patients with FILD suggested that a higher FVC, a milder exercise-induced hy-
poxemia, and a lower mMRC and SGRQ total score, and right ventricular systolic pressure
were associated with better response to PR [21,23,24,26]. However, there is no established
predictor that has shown reproducible data. Nishiyama et al. [21] performed a RCT of 10-
week PR for 28 patients with IPF who had a median FVC of 66.1% predicted. The authors
found that a lower SGRQ at baseline was associated with improvement of the 6MWD,
similar to the result of the present study. PR for FILD should be started at the early phase
before the disease becomes severe in accordance with the finding that lower severity of
FILD is associated with a better response to PR [21,23,24,26,29]. In addition, Wallaert et al.
[27] performed a prospective study of 2-month PR for 112 patients with FILD and found
that patients who dropped out had lower pulmonary function at baseline than those who
completed the study. Most of those previous reports did not show the duration from di-
agnosis of FILD to start of PR, and no study has analyzed the association between this
duration and the efficacy of PR. The results of the present study suggest that the interven-
tion of PR for FILD should not be delayed from diagnosis in order to maintain the thera-
peutic effect. Early intervention of PR before decrease of exercise tolerance due to disease
progression is also important in respiratory diseases other than IPF. On the other hand, in
IPF patients, exercise-induced hypoxemia is often more severe than other respiratory dis-
eases, so early intervention for PR is more important [8,9]. Moreover, improvement of the
method of PR itself is necessary for patients with severe FILD. PR for those patients should
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be started with conditioning including stretching and relaxation or low-intensity endur-
ance and strength training [8,9].

Among all 28 subjects analyzed in the present study, no significant improvement in
the 6MWD or SGRQ total score was observed after PR. Although the efficacy of PR in
patients with FILD is reportedly lower than that in patients with chronic obstructive pul-
monary disease [8,9,25], previous RCTs and prospective and retrospective studies have
shown significant improvements in the 6MWD, HRQOL score, and dyspnea score after
PR for FILD [20-29]. The reason for the difference in the efficacy of PR for FILD between
the present study and previous studies is unknown. It is possible that patients with more
severe conditions were selected in the present study than in previous studies of PR, which
may have influenced the outcome after PR.

Among the 28 patients with FILD in this study, there was no difference in the efficacy
of PR between patients with IPF and non-IPF. This result is consistent with previous re-
ports [20,23]. Some previous reports have shown the short-term efficacy of PR for FILD
but denied the long-term effects at 26 months [8,9,20,23,25,26]. However, Vainshelboim et
al. [22] showed improvement in exercise tolerance at 11 months after 12-week PR in a RCT
involving 34 patients with IPF. Wallaert et al. [27] also showed improvement in exercise
tolerance and HRQOL 12 months after the start of PR for FILD in a prospective study.
These results were shown after establishment of treatment with anti-fibrotic agents in-
cluding pirfenidone or nintedanib for patients with IPF in phase 3 trials and coverage of
these agents by insurance [36,37]. A recent phase 3 trial showed the efficacy of nintedanib
for non-IPF PF-ILD [38]. The therapeutic effects of anti-fibrotic agents for FILD involve
suppression of the decrease in FVC, HRQOL, deterioration of dyspnea, or development
of acute exacerbations as well as improved survival, but these agents are not curative [36—
39]. Because treatment with anti-fibrotic agents has the potential to improve the survival
of patients with FILD [39], starting PR at an appropriate time is important for long-term
maintenance of the patient’'s HRQOL during the clinical course. In the prospective study
by Wallaert et al., the home-based pulmonary rehabilitation program has been performed
for 12 months [27]. In this program, each weekly session was conducted under the direct
supervision of a team member, but patients were expected to perform a personalized en-
durance physical exercise plan, unsupervised, on the other days of the week. Various
methods should be considered such as remote control of PR by patients” self-management
for maintaining the effect of PR on FILD for a long period of time. Moreover, a prospective
study should be performed to evaluate the long-term efficacy of PR for FILD patients.

The present study had some limitations. First, the sample size was small, mainly be-
cause the study was conducted at only one center. Second, the study design was retro-
spective. Further prospective studies with larger populations will be needed for clarifying
some issues including more accurate time of intervention of PR and effect of treatment
with antifibrotic agent on the efficacy of PR. Third, the optimal intervention timing may
have diversity depending on the heterogeneous clinical behavior in FILD patients. Sub-
group-specific analysis with different clinical behavior will be required. Fourth, the pre-
sent study did not clarify the predictors of long-term efficacy of PR. We will analyze this
issue in a further study.

5. Conclusions

In this study, early intervention of PR after diagnosis of FILD was associated with
improved HRQOL, and lower SGRQ total score were associated with an improved
6MWD. PR for FILD should be initiated early before the disease becomes severe.

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/jcm10143153/s1, Table S1: Differences between baseline values and 6MWD and SGRQ
total score; Table S2: Differences between baseline values and response to pulmonary rehabilitation.
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