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Background: Pulmonary fibrosis is a chronic, progressive lung condition that involves lung tissue scarring and 
thickening. The effects of home-based pulmonary rehabilitation (PR) in post-COVID pulmonary fibrosis (PCPF) 
and other forms of fibrosis together have not been evaluated. This study aims to evaluate the effectiveness of home-
based pulmonary rehabilitation on pulmonary function, functional capacity, and health-related quality of life in 
people with pulmonary fibrosis [post-COVID pulmonary fibrosis, pulmonary fibrosis secondary to pulmonary 
tuberculosis (TB), pulmonary fibrosis secondary to interstitial lung disease (ILD), pulmonary fibrosis secondary 
to bronchiectasis].
Methods: A single-group pretest–posttest experimental study was performed after recruiting 98 pulmonary fi-
brosis subjects from K.M.C hospitals. After being screened for the inclusion and exclusion criteria, 45 subjects 
were analyzed, and 6 subjects were lost to follow up. A home-based pulmonary rehabilitation program was carried 
out for 8 weeks (warm-up, stretching exercises, aerobic exercise, strength training for upper limb and lower limb, 
breathing exercises mainly involved; others: energy saving techniques, controlled coughing techniques, dyspnea 
relieving positions). The program was supervised via weekly phone calls. Pulmonary function (Pulmonary func-
tion test), exercise capacity (6-minute walk test), dyspnea (modified Borg scale), and health-related quality of life 
(SF-36) were evaluated before and after the intervention. During the enrollment and after the 6-minute walk test, 
saturation of peripheral oxygen (SPO2) level was also evaluated pre-intervention and after the 8-weeks program.
Results: Pulmonary function [FVC(L) t = -12.52, p<0.05; FEV1(L) t = -2.56, p<0.05; FEV1/FVC t = 7.98, p<0.05 
and DLCO (ml/min/mmHg) t = -5.13, p<0.05], 6MWD [MD 88.66; p<0.05] and HRQOL measured by SF-36 
scores (p<0.05) were improved significantly. Both the baseline SPO2 level before the 6MWT [MD 1.07, p<0.05] 
and the SPO2 level after the 6MWT [MD 1.16, p<0.05] showed a significant improvement. The rating of per-
ceived exertion(dyspnea) [MD 1.30, p<0.05] was reduced significantly after the 8-week program.
Conclusion: Our study shows that home-based pulmonary rehabilitation is an effective option for improving lung 
function and physical functional capacity by reducing dyspnea perception and improving the saturation of periph-
eral oxygen (SPO2) level, and enhancing the quality of life in people with pulmonary fibrosis.

Key words: home-based pulmonary rehabilitation, post-COVID pulmonary fibrosis, idiopathic pulmonary fibro-
sis, interstitial lung disease, pulmonary function test, quality of life.
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Background

Pulmonary Fibrosis (PF) is the common term 
used to describe a large family of diseases that causes 
inflammation and scarring of the lung. It is typically 
not a primary disease but rather develops as a result 
of other respiratory or interstitial lung disorders [1–3]. 
Worldwide, pulmonary fibrosis has a high prevalence 
and mortality rate [4]. In the post-COVID era, the 
healthcare system has been changed by post-COVID 
complications [5]. One of them is post-COVID Pul-
monary Fibrosis (PCPF) [6]. However, pulmonary fi-
brosis is caused not just by post-COVID or interstitial 
lung diseases but also by other lung diseases such as 
bronchiectasis and pulmonary tuberculosis (TB).

Basically, the extracellular matrix (ECM) be-
comes coated with abnormal collagens, causing pul-
monary fibrosis. This results in a stiff lung that lacks 
the compliance (or “stretchability”) required for regu-
lar breathing [7]. Lung scarring blocks the pathways 
necessary for deactivating pro-fibrotic cells and elimi-
nating the proliferating matrix. This intricate process 
includes myofibroblast transition of epithelial cells, a 
procoagulant framing in the lung, oxidative signaling, 
supported by the accumulation of reactive oxygen spe-
cies in the lungs, and replacement of the normal type I 
alveolar epithelium with hyperplastic type II cells [8]. 
It is driven by neutrophils and macrophages because of 
their released cytokines (IL-6, IL-2, IL-1, and TNFα) 
and chemokines (IL-8 and oxanthin) [9].

People with pulmonary fibrosis seek medical at-
tention for their progressive, persistent coughs and 
dyspnea. Dyspnea and fatigue impair the functional 
capacity and quality of life of pulmonary fibrosis pa-
tients. Individuals with pulmonary fibrosis gradually 

become less physically active and unable to do daily 
living activities as fibrosis advances, dyspnea, and ex-
haustion worsen [10].

Pulmonary rehabilitation (PR) is one of the ad-
vantageous management techniques to improve short-
ness of breath, health status, exercise tolerance, etc. In 
2013, the ‘American Thoracic Society (ATS)’ defined 
pulmonary rehabilitation as - “A comprehensive in-
tervention based on a thorough patient assessment 
followed by patient-tailored therapies, which include 
but are not limited to, exercise training, education, and 
behavior change, designed to improve the physical and 
emotional condition of people the long-term adher-
ence of health-enhancing behaviors” [11].

As a homecare-based rehabilitation purpose, 
patients with pulmonary fibrosis (post-COVID pul-
monary fibrosis, pulmonary fibrosis secondary to 
TB, pulmonary fibrosis secondary to ILD, pulmo-
nary  fibrosis secondary to bronchiectasis) frequently 
require assistance from family members, who can be 
trained by health professionals in their own home 
environment. Basically, home-based programs are a 
good and suitable option for pulmonary rehabilitation 
in everyday life [12]. Furthermore, these programs are 
effective, useful, simple, cost-effective, and practical  
[13, 14].

A standard home-based pulmonary rehabilitation 
program for patients with pulmonary fibrosis (post-
COVID pulmonary fibrosis, pulmonary fibrosis sec-
ondary to TB, pulmonary fibrosis secondary to ILD, 
pulmonary fibrosis secondary to bronchiectasis) has 
not been studied in India. Therefore, this study aimed 
to investigate the effectiveness of home-based pulmo-
nary rehabilitation for pulmonary fibrosis patients. As 
we included patients with post-COVID pulmonary 
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fibrosis, pulmonary fibrosis due to TB, pulmonary fi-
brosis secondary to ILD, and pulmonary fibrosis sec-
ondary to bronchiectasis; our study differs from earlier 
studies in these areas.

Methods

The study was approved by the Institutional Eth-
ics Committee of Kasturba Medical College, Manga-
lore (Protocol number: IEC KMC MLR 01/2022/18) 
and complied with the Declaration of Helsinki (as 
revised in 2013). The trial was registered at www.clini-
caltrials.gov (CTRI/2022/03/041284).

Study Design

A single group pretest-posttest experimental 
study was conducted in the KMC hospitals (OPD), 
Ambedkar Circle and Attavar, Mangalore. It was per-
formed between February 2022 to January 2023.

Participant selection

Study participants were recruited from KMC 
hospitals, Mangalore, those were visiting the outpa-
tient department (OPD) diagnosed with pulmonary 
fibrosis referred by pulmonologists based on standard 
diagnostic criteria [15]. Prior to the start of the 8-week 
home-based pulmonary rehabilitation program, a total 
of 98 pulmonary fibrosis participants were achieved. 
However, 37 of them were eliminated since 32 did not 
match the inclusion criteria, and 5 did not want to take 
part in this study.

Inclusion criteria

a. Pulmonary Fibrosis secondary (20) to intersti-
tial lung disease (ILD).

b. Pulmonary Fibrosis post-COVID.
c. Pulmonary Fibrosis secondary (20) to other lung 

disease like bronchiectasis, tuberculosis, etc.
d. Age: 18-80 years
e. Moderate to severe diagnosed through PFT 

(FEV1<50).
f. Independent ambulation.

Exclusion criteria

a. Cardiac conditions (Moderate to severe) like 
coronary artery disease and congestive heart 
failure.

b. Respiratory conditions like chronic obstruc-
tive pulmonary disease (COPD), asthma, lung 
cancer, severe pulmonary hypertension.

c. Other neuromuscular conditions affecting res-
piratory as well as physical function.

Procedures

Subjects were included based on the inclusion 
criteria. They were screened for points mentioned in 
the exclusion criteria. Eligible subjects were called on 
a subsequent day and explained about this research 
study if the patient voluntarily agreed, then they were 
asked to sign a written informed consent in English 
and their vernacular language. Pre-testing was done 
before starting the home-based pulmonary rehabilita-
tion program and all outcomes were recorded. Pulmo-
nary Function Test (PFT), SF-36 scale, and 6 MWT 
were conducted. Readings were recorded and stored 
for statistical analysis. The intervention was started at 
the home of the candidate, and all the guidelines of 
the American Thoracic Society (ATS) for home-based 
pulmonary rehabilitation were followed [13, 16, 17]. 
We had developed a home-based pulmonary rehabili-
tation protocol based on previous literature and expert 
advice. Patients were provided with a booklet to refer 
at home with a family member supervising. After 8 
weeks later, a post-test was conducted, and readings 
were recorded. Based on the pre-readings and post-
readings, statistical analysis was done.

Intervention

Over the course of the 8-week program, the pa-
tients were instructed about the benefits and impor-
tance of adhering to the pulmonary rehabilitation 
program. The patient and patient’s party who was 
there in the hospital was taught about the benefits of 
the program, and we asked the patient party to su-
pervise the program at their home. Participants and 
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shortness of breath, they were advised to take a rest 
and to keep doing the exercises according to their fa-
tigue tolerance level. The supervision of the program 
was done by phone calls once a week and daily exer-
cise queries. Once in a week, when we had called, we 
spoke to both patients and patient’s party about the 
program, and any distress, progression, and hindrance 
(Figure 1).

the participant’s party were provided with a catalogue 
which had detailed instructions for the exercise pro-
gram. The patients and patient’s party were given a 
notebook or diary in which the patient was marked 
after doing performance, daily, and patient’s party also 
had to signed. The patients were instructed to do all 
the exercises at least six days a week in three sessions 
with ten repetitions each. If the significant fatigue or 

Baseline Determinants 

Age, Gender, Height, Weight 

Pulmonary fibrosis due to underlying 

disease:  

- post-COVID pulmonary fibrosis 

- Pulmonary fibrosis secondary to 

TB 

- Pulmonary fibrosis secondary to 

ILD 

- Pulmonary fibrosis secondary to 

bronchiectasis 

Intervention 

Home-based Pulmonary rehabilitation 

(Supervised exercise training) 

- Warm-up and Stretching  

- Aerobic Exercise 

- Strength training (upper limb and 

lower limb both) 

- Breathing Exercises (Pursed lip 

breathing, diaphragmatic breathing, 

thoracic expansion exercise) 

- Others (Energy saving techniques. 

Controlled coughing techniques, 

dyspnea relieving positions, and 

relaxation training) 

Population 

Pulmonary Fibrosis

Outcomes 

(8 weeks before) follow-up)

Pulmonary function 
functional capacity

Health-related quality of life

                         Direction of influence 

Figure 1. Framework for the effect of home-based pulmonary rehabilitation on pulmonary fibrosis 
( Authors creation of the figure).
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expansion exercise 10 reps, 2-3 sets /day  
for 8weeks, energy-saving techniques, and 
 controlled coughing exercises. Coping strat-
egies to deal with shortness of breath and 
 relaxation training were taught to the patients 
[10, 19].

Termination criteria
 - Dyspnoea more than 3 on ‘modified Borg scale 

(0-10)’.
 - Chest tightness, blurring of vision, profuse 

sweating, giddiness, and any balance problem.
 - Patient decision to stop.

Outcome measures

Before and after the 8 weeks home-based pulmo-
nary rehabilitation program, all patients were assessed 
using the same criteria.

Primary Outcomes

Pulmonary Function Test (PFT)
The forced expiratory volume in 1 second (FEV1) 

ratio of FEV1 to FVC (FEV1/FVC) and carbon 
monoxide diffusing capacity (DLCO) values 
were recorded. It was carried out by an expert 
in accordance with the ATS standards [20].

Instrument used: The instrument used for pulmo-
nary function test was spirometry (EasyOne 
Pro Lab) Portable Pulmonary Function Test-
ing Machine - EasyOne Pro® | ndd Medical 
ID:3100-1.

6-minute walk test
Exercise capacity was measured using the 6 min 

walk test(6 MWT). It was performed once at 
the starting and at the end of the pulmonary re-
habilitation program, according to the guide-
lines of the American Thoracic Society [21].  
Before and after the 6 MWT, the satura-
tion of peripheral oxygen (SPO2) level was 
assessed by using pulse oximeter (Omron 
CMS50N) [10].

Warm-up and stretching
The warm-up was for ~ 5min. It was composed of 

active upper and lower limb exercises. Stretch-
ing was ~ 5min, including the pectoralis major, 
trapezius, quadriceps, hamstrings, and gastroc-
nemius (calf ) muscles. Each stretch posture 
was maintained for the 30s [18].

Aerobic exercises
Aerobic exercises consisted of walking and slow 

jogging. The training intensity was light (≤ 3 on 
modified Borg scale).

Time was at least for 20-30 min. And the exercise 
frequency was 1-2 times per day for 8 weeks 
[18, 10].

Strength training

For upper limb strengthening
Shoulder flexion, extension, abduction, elbow flex-

ion, elbow extension with free weight; 8-10 rep. 
for each movement 2-3 sets, 2 times/day for 8 
weeks [10, 13].

For lower limb strengthening
Seated dynamic quadriceps, hamstrings strength-

ening, hip abductors strengthening with weight 
cuff, heal raises 8-10 reps. for each and 2-3 sets, 2 
times/day for 8 weeks. Sit-to-Sand exercise 3sets, 
10 reps. 2 times/day for 8 weeks [18, 13, 10].

For strength training we checked for 1 RM. Since, 
these subjects are having pulmonary fibrosis, 
we further saw which weight subjects can do 
7-10 repetitions for 1 set twice a day.

Progression
For progression at home, subjects were instructed 

that if given weight will be too easy to do and 
perceived dyspnea was ≤ 3 on the modified 
Borg scale (0-10), then increase the weight by 
adding another ½ kg. These clarifications were 
also done during follow up through telerehabil-
itation. This was done to ensure patient safety.

Others
It consists of teaching breath control (pursed lip 

breathing, diaphragmatic breathing), thoracic 
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Baseline characteristics of participants

Table 1 summarizes the demographic and baseline 
characteristics of the subjects in this study. The data 
analysis was performed on the 45 subjects (25 male, 
20 female) (mean age 62.0±11.0 years) who completed 
the 8 weeks home-based pulmonary rehabilitation 
program. No adverse events were observed during the 
8 weeks rehabilitation program. The causes of pulmo-
nary fibrosis were post-COVID pulmonary fibrosis 
(35.6%), Pulmonary fibrosis secondary to TB (22.2%), 
Pulmonary Fibrosis secondary to ILD (33.3%), Pul-
monary Fibrosis Secondary to bronchiectasis (8.9%). 
In this 8-week home-based pulmonary rehabilitation 
program, the completion rate is 74%, and the dropout 
rate is 26%.

Primary Outcome

6 MWT was performed using the standard test 
protocol (American Thoracic Society ATS guidelines) 
before and after 8 weeks of the intervention [21]. 
Table 2 describes the results of 6 MWT conducted 
pre-intervention and post-8 weeks of intervention. 
After the intervention, significant improvement in 
walking distance in the 6 MWT was found (MD 88.6 
m), (p<0.05).

Table 3 describes the results of the pulmonary 
function test (PFT) conducted pre-intervention and 
post-8 weeks. After the home-based exercise pro-
gram, pulmonary function test results (PFT) were 
significantly improved for FVC (1.29 liters vs. 1.38 lit-
ers, p<0.05), FEV1(1.13 liters vs. 1.18 liters, p<0.05) 
FEV1/FVC (0.84 vs. 0.82, p<0.05) and DLCO (6.32 
ml/min/mmHg vs. 6.7 ml/min/mmHg, p<0.05).

Secondary Outcome

Health-related quality of life (HRQOL) assess-
ment was also done along with other outcome measure 
assessments. The analysis was divided into 9 domains 
of the scale respectively (Table 4). A significant im-
provement was found in physical functioning, role 
limitations due to physical health, role limitations 
due to emotional health, emotional well-being, social 
functioning, pain, general health, and health change 

Secondary Outcomes

Modified Borg scale (0-10)
Dyspnoea severity/rate of perceived exertion 

was measured by using a ‘modified borg scale  
(0-10)’ [22].

SF -36
Health-related quality of life was measured using 

the ‘36 -item Short Form Survey (SF-36) ques-
tionnaire’ [23].

Saturation of peripheral oxygen (SPO2) level
Before and after the 6 MWT, the saturation of pe-

ripheral oxygen (SPO2) level was assessed [10].

Data Analysis

Statistical analysis was done for all the variables 
in the study. Data was checked for normal distribu-
tion. All the variables under this study for pre to post 
changes had achieved normal distribution with a bell-
shaped curve, then paired-t test was used to see the 
changes (pre to post) after 8 weeks of intervention. 
Descriptive statistics were used to analyze the demo-
graphic and baseline characteristics. Variables studied 
as outcomes (pre and post) for 8 weeks are presented 
as mean, standard deviation, confidence interval (C.I.), 
and p. P (<0.05) was considered significant. Data was 
analyzed using the software IBM SPSS version 26.0.1 
(Statistical Package for the Social Sciences).

Results

A total sample size of 98 participants were 
achieved prior to the commencement of 8 weeks 
home-based pulmonary rehabilitation program. Out 
of 98, 37 participants were excluded as 32 were not 
meeting the exclusion criteria, and 5 refused to par-
ticipate in this study. Out of 32, 27 participants were 
excluded due to medical conditions, 3 participants due 
to FEV1>50%, and 2 participants due to age criteria. 
We analyzed 45 subjects because 6 subjects were lost 
to follow up. Figure 2 shows the recruitment process in 
the CONSORT flow diagram [24, 25].
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Assessed for eligibility (n= 98)

Excluded (n= 37)

• Not meeting inclusion criteria (n=32 )

• Denied to participate (n= 5 )

Analysed (n= 45)

Lost to follow up (no response) (n= 6)

Allocated to intervention (n= 61)

• Received allocated intervention (n= 51)

• Did not receive allocated intervention (no 

response after consent) (n=10 )

Allocation

Analysis

Follow up

No randomisation

Enrollment

Figure 2. CONSORT Flowchart for Single-Arm Study. n= number of samples. Modified from [24].

Table 1. Demographic and baseline characteristics of the subjects in this study.

Characteristics n Value

Age (Years) 45 62.0±11.0

Gender (M: F) 45 25:20 (55.6%:44.4%)

Height (cm) 45 157.5±7.0

Weight (Kgs) 45 60.9±8.0

Pulmonary Fibrosis due to underlying disease

1. Post-COVID Pulmonary Fibrosis 16 35.6%

2. Pulmonary Fibrosis secondary to TB 10 22.2%

3. Pulmonary Fibrosis secondary to ILD 15 33.3%

4. Pulmonary Fibrosis Secondary to bronchiectasis 4 8.9%
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Table 2. 6 Minute Walk Test results before and after the home-based pulmonary rehabilitation.

Variable n Mean±S.D MD
S.D of 

difference

C.I. at 95% of the 
difference t

PLower Upper

6MWT Pre- Intervention 45 185.0±45.2
88.66 30.39 -97.80 -79.53 -19.56 0.000*

post-Intervention 45 273.6±66.2

*p<0.05, n, number of samples; SD, standard deviation; MD, mean difference; C.I, confidence interval; t, test statistic; p, level of 
significance.

Table 3. Pulmonary function test results (PFT) results before and after the home-based pulmonary rehabilitation.

Variables Mean±S.D MD
S.D of 

difference

C.I. at 95% of the 
difference t

PLower Upper

FVC(L) Pre- Intervention 1.29±0.36
0.08 0.04 -0.09 -0.06 -12.52 0.000*

post-Intervention 1.38±0.38

FVC (% pred) Pre- Intervention 42.88±4.70
2.71 1.10 -3.04 -2.38 -16.53 0.000*

post-Intervention 45.60±4.63

FEV1 (L) Pre- Intervention 1.13±0.31
0.05 0.14 -0.09 -0.01 -2.56 0.014*

post-Intervention 1.18±0.37

FEV1 (% pred) Pre- Intervention 45.86±4.35
3.11 1.86 -3.67 -2.55 -11.2 0.000*

post-Intervention 48.97±4.58

FEV1/FVC Pre- Intervention 0.84±0.05
0.019 0.016 0.014 0.024 7.98 0.000*

post-Intervention 0.82±0.05

FEV1/FVC (% pred) Pre- Intervention 110.7±7.81
2.86 2.22 2.19 3.53 8.65 0.000*

post-Intervention 107.9±7.03

DLCO

(ml/min/mmHg)
Pre- Intervention 6.32±1.34

0.45 0.59 -0.63 -0.27 -5.13 0.000*
post-Intervention 6.78±1.73

DLCO

(% pred)
Pre- Intervention 25.35±4.86

1.80 2.43 -2.53 -1.06 -4.95 0.000*
post-Intervention 27.15±6.53

*p<0.05, SD, standard deviation, MD, mean difference, C.I., confidence interval, t, test statistic, p, level of significance.

scores (p<0.05), but energy/fatigue domain score was 
not statistically significant. (>0.05). The highest differ-
ence was noted in the domains of role limitations due 
to emotional health (33.94 MD, p<0.05) and general 
health (35.45 MD, p<0.05).

The rate of perceived exertion (RPE) was taken 
using the ‘Modified Borg scale’ (0-10) after 6MWT. 
Table 5 shows the RPE changes taken before and af-
ter 8 weeks of intervention. MD of 1.3 (p<0.05) was 
observed. Table 6 and Table 7 show the distribution 
of subjects based on RPE scores pre-intervention and 
post-intervention.

Peripheral oxygen saturation (SPO2) level was taken 
before and after the 6MWT(Immediately, 3min and  
5min). Table 8 shows the SPO2 level variation before 
and after the 8-week of intervention. A significant im-
provement was found for baseline SPO2 level before 
the 6MWT [MD 2.73, p<0.05] , immediately after the 
6MWT [MD 3.47, p<0.05], 3 min after the 6MWT 
[MD 3.57, p<0.05] and 5 min after the 6MWT [MD 
3.65, p<0.0]. Figure 3 gives a graphical representation of 
SPO2 level results taken at pre- intervention and after 8 
weeks post-intervention.
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Table 4. Quality of life (SF-36) results before and after the home-based pulmonary rehabilitation.

Domains Mean±S.D MD
S.D of 

difference

C.I. at 95% of the 
difference t

PLower Upper

physical functioning % Pre- Intervention 21.33±10.02
28.11 14.78 -32.55 -23.67 -12.757 0.000*

post-Intervention 49.44±16.62

role limitations due to 
physical health %

Pre- Intervention 41.66±19.21
28.88 24.97 -36.39 -21.38 -7.760 0.000*

post-Intervention 70.55±15.34

role limitations due to 
emotional health %

Pre- Intervention 45.39±22.26
33.94 25.81 -41.69 -26.18 -8.821 0.000*

post-Intervention 79.33±17.77

energy/fatigue % Pre- Intervention 50.55±9.54
0.88 11.14 -4.23 2.45 -0.535 0.595

post-Intervention 51.44±6.79

emotional well-being % Pre- Intervention 54.13±9.51
8.35 10.64 -11.55 -5.15 -5.26 0.000*

post-Intervention 62.48±7.64

social functioning % Pre- Intervention 56.28±12.35
27.34 13.38 -31.36 -23.32 -13.702 0.000*

post-Intervention 83.63±7.92

pain % Pre- Intervention 82.50±18.27 13.16 17.88 -18.54 -7.79 -4.93 0.000*

post-Intervention 95.66±7.21

general health % Pre- Intervention 27.55±9.45 35.44 11.47 -38.89 -31.99 -20.72 0.000*

post-Intervention 63.00±7.02

Health change % Pre- Intervention 22.22±10.95 26.11 19.18 -31.87 -20.34 -9.13 0.000*

post-Intervention 48.33±18.76

*p<0.05, SD, standard deviation; MD, mean difference; C.I., confidence interval; t, test statistic; p, level of significance.

Table 5. Rate of Perceived Exertion (RPE) before and after the home-based pulmonary rehabilitation.

Rating of Perceived 
Exertion (RPE)

n Mean±S.D MD
S.D of 

difference
C.I. at 95% of the 

difference t P

Pre-intervention 45 3±0.82
1.30 0.49 1.15-1.44 17.68 0.000*

Post-intervention 45 1.7±0.73

*p<0.05, n, number of samples; SD, standard deviation; MD, mean difference; C.I., confidence interval; t, test statistic; p, level of 
significance.

Table 6. Subjects distribution based on Rating of Perceived 
Exertion (RPE)scores before the home-based pulmonary 
rehabilitation.

Grade n Values (%)

2-3 32 71.1

4-5 13 28.9

Table 7. Subjects distribution based on Rating of Perceived 
Exertion (RPE)scores after the home-based pulmonary 
rehabilitation.

Grade n Values (%)

0-1 18 40

2-3 27 60
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TB, pulmonary fibrosis secondary to ILD, or pul-
monary fibrosis secondary to bronchiectasis were not 
performed.

Primary outcomes for subgroups

Table 9 illustrates the MDs for PFT (Pulmonary 
function test) before and after the 8-week interven-
tion in each kind of pulmonary fibrosis caused by an 
underlying condition. For each kind of pulmonary fi-
brosis, the FVC, FEV1, FEV1/FVC, and DLCO data 
obtained before and eight weeks after the intervention 
are shown graphically in Figure 4-7.

Subgroups: outcomes for pulmonary fibrosis due to 
underlying disease.

MDs for each outcome measures were estimated 
in the subgroups [post-COVID pulmonary fibrosis, 
pulmonary fibrosis secondary to TB, pulmonary fi-
brosis secondary to ILD, and pulmonary fibrosis sec-
ondary to bronchiectasis]; because the improvement 
results for each form of pulmonary fibrosis caused by 
the different pathological condition were not equal. 
However, due to the limited and uneven sample size 
no subgroup analysis (paired t-test) for post-COVID 
pulmonary fibrosis, pulmonary fibrosis secondary to 

Figure 3. SPO2 Level (%) pre- post intervention.

Table 8. SPO2 results before and after the home-based pulmonary rehabilitation.

Variables (SPO2 %) Intervention n Mean±S.D MD
S.D of 

difference
C.I. at 95% of the 

difference t P

Baseline before 
6MWT

Pre-intervention 45 93.20±1.33
2.73 1.07 2.41-3.05 17.06 0.0001*

Post-intervention 45 95.93±0.88

Immediate after 
6MWT

Pre-intervention 45 90.22±1.02
3.47 1.16 3.21-3.82 20.05 0.0001*

Post-intervention 45 93.69±1.01

3 min after 6MWT Pre-intervention 45 91.56±0.78
3.57 1.07 3.25-3.90 22.30 0.0001*

Post-intervention 45 95.13±0.86

5 min after 6MWT Pre-intervention 45 92.62±0.88
3.65 1.15 3.29-3.99 21.24 0.0001*

Post-intervention 45 96.27±0.91

*p<0.05, SD, standard deviation; MD, mean difference; C.I., confidence interval; t, test statistic; p, level of significance.
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Table 9. Pulmonary function test results (PFT).

Variables 
(PFT)

Pulmonary Fibrosis due to underlying disease

Post-COVID PF PF secondary to TB PF secondary to ILD PF Secondary to bronchiectasis

Intervention (n=16)

MD

Intervention (n=10)

MD

Intervention (n=15)

MD

Intervention (n=4)

MD
Pre (n=16) 
Mean±S.D

Post (n=16) 
Mean±S.D

Pre (n=10) 
Mean±S.D

Post (n=10) 
Mean±S.D.

Pre (n=15) 
Mean±S.D

Post (n=15) 
Mean±S.D

Pre (n=4) 
Mean±S.D

Post (n=4) 
Mean±S.D

FVC(L) 1.42±0.27 1.51±0.28 0.09 1.12±0.35 1.20±0.38 0.08 1.44±0.32 1.53±0.34 0.09 1.05±0.39 1.11±0.40 0.06

FVC
(% pred)

42.13±6.04 45.06±6.30 2.93 44.68±2.70 47.31±2.21 2.63 43±3.91 45.75±3.77 2.75 41.1±4.88 43.6±4.47 2.50

FEV1(L) 1.26±0.33 1.34±0.36 0.08 0.95±0.25 1.00±0.27 0.05 1.20±0.17 1.26±0.18 0.06 0.98±0.30 1.00±0.42 0.02

FEV1

(% pred)
44.2±6.86 47.73±7.35 3.53 46±3.16 48.75±3.30 2.75 47.06±1.84 50.31±1.92 3.25 46.4±1.64 48.8±1.75 2.40

FEV1/FVC 0.83±0.05 0.81±0.04 0.02 0.85±0.08 0.83±0.07 0.02 0.83±0.03 0.82±0.02 0.01 0.84±0.05 0.82±0.04 0.02

FEV1/FVC
(% pred)

109.75±1.89 108.25±1.5 1.50 108.56±5.08 105.62±4.39 2.93 111.06±6.79 108.2±6.46 2.86 114.3±12.63 111±11.13 3.3

DLCO

(ml/min/
mmHg)

6.13±2.31 6.78±3.03 0.65 6.42±0.18 6.8±0.25 0.38 6.41±0.51 6.8±0.47 0.39 6.43±0.25 6.77±0.36 0.34

DLCO

(% pred)
24.73±8.19 27.46±11.19 2.73 25.6±1.64 27.1± 1.66 1.50 26.75±3.59 28.25± 4.57 1.50 25.43±1.26 26.62±1.36 1.19

*MD, mean difference for each type of pulmonary fibrosis due to underlying disease; *SD, standard deviation.

Figure 4. FVC(L) pre- post-intervention for each type of pulmonary fibrosis due 
to underlying disease.

Table 10 depicts the MDs for 6MWT distance 
before and after the 8-week intervention in each type 
of pulmonary fibrosis induced by an underlying disease. 
Figure 8 shows a graphical representation of 6MWT 
distance data acquired before and after 8 weeks of 
intervention for each type of pulmonary fibrosis due 
to different pathological condition. After the home-
based exercise program, 6MWT distance results were 

improved for each type of pulmonary fibrosis [post-
COVID  pulmonary fibrosis 193.46 vs 291.27, MD 
97.81 meter; pulmonary fibrosis secondary to TB 174 
vs 258.5, MD 84.5 meter; Pulmonary fibrosis second-
ary to ILD 182.8 vs 270, MD 87.2 meter; pulmonary 
fibrosis secondary to bronchiectasis 187 vs 255, MD 
68 meter].
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Figure 6. FEV1/FVC pre- post-intervention for each type of pulmonary fibrosis 
due to underlying disease.

Figure 7. DLCO pre- post-intervention for each type of pulmonary fibrosis due 
to underlying disease.

Figure 5. FEV1(L) pre- post-intervention for each type of pulmonary fibrosis 
due to underlying disease.
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Table 10. 6MWT.

Variables

Pulmonary Fibrosis due to underlying disease

Post-COVID PF PF secondary to TB PF secondary to ILD
PF Secondary to 

bronchiectasis

Intervention (n=16)

MD

Intervention (n=10)

MD

Intervention (n=15)

MD

Intervention (n=4)

MD
Pre (n=16) 
Mean±S.D

Post (n=16) 
Mean±S.D

Pre (n=10) 
Mean±S.D

Post (n=10) 
Mean±S.D.

Pre (n=15) 
Mean±S.D

Post (n=15) 
Mean±S.D

Pre (n=4) 
Mean±S.D

Post (n=4) 
Mean±S.D

6MWT 193.46±49.18 291.27±67.58 97.81 174±31.60 258.5±37.27 84.5 182.8±51.05 270±80.26 87.2 187±44.07 255±66.08 68

*MD, mean difference for each type of pulmonary fibrosis due to underlying disease; *SD, standard deviation; *PF, pulmonary fibrosis.

Figure 8. 6MWT Distance pre- post-intervention for each type of pulmonary 
fibrosis due to underlying disease.

secondary outcomes for subgroups:

Table 11 shows the MDs in 9 domains for SF-36 
scale before and after the 8-week intervention in each 
type of pulmonary fibrosis caused by an underlying 
condition. The SF-36 scale measures health-related 
quality of life (HRQOL), which illustrates improve-
ment in each of the nine domains pre and post in-
tervention. An improvement was found in physical 
functioning, role limitations due to physical health, 
role limitations due to emotional health, emotional 
well-being, energy/fatigue, social functioning, pain, 
general health, and health change score. The highest 
difference was noted in the post-COVID pulmonary 
fibrosis group for the domains of role limitations due 
to physical health % (MD 45.32 ) and health change 
% (MD 31.25).

The MDs for rate of perceived exertion (RPE) in 
each form of pulmonary fibrosis caused by an underlying 

condition before and after the 8-week intervention are 
shown in Table 12. After the home-based exercise pro-
gramme, RPE values were improved for each type of 
pulmonary fibrosis [post-COVID pulmonary fibrosis 
2.87 vs 1.53, MD 1.34; pulmonary fibrosis secondary to 
TB 2.90 vs 1.60, MD 1.30; Pulmonary fibrosis second-
ary to ILD 3.20 vs 1.93, MD 1.27; pulmonary fibrosis 
secondary to bronchiectasis 3 vs 1.75, MD 1.25].

After the home-based exercise programme, base-
line SPO2 levels before the 6MWT and SPO2 levels 
after the 6MWT were improved for each type of pul-
monary fibrosis. Table 13 shows the MDs for SPO2 
level before and after the 8-week intervention for each 
type of pulmonary fibrosis induced by an underlying 
disease. Baseline SPO2 levels before the 6MWT ver-
sus SPO2 levels after 6MWT for each kind of pul-
monary fibrosis conditions pre and post treatments 
were post-COVID pulmonary fibrosis (MD 3.75 vs 
MD 4); pulmonary fibrosis related to (TB MD 3 vs 
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To the best of our knowledge, this is the first 
interventional study investigating the effects of a 
home-based pulmonary rehabilitation in patients with 
pulmonary fibrosis due to underlying disease (post-
COVID pulmonary fibrosis, pulmonary fibrosis sec-
ondary to TB, pulmonary fibrosis secondary to ILD, 
pulmonary fibrosis secondary to bronchiectasis).

This study has shown an increase in the 6 MWD 
after 8 weeks of the home-based pulmonary rehabili-
tation program. The mean difference obtained in our 
study was 88.66 meters which was above the minimal 
clinically significant differences (MCID) value(30m) 
[26]. Sevgi Ozalevli et al. conducted a prospective 
study on IPF patients by giving home-based pulmo-
nary rehabilitation. The study demonstrated an in-
crease in the 6 MWT distance(MD 45 meters) [10]. 
These findings are in-line with this study. However, it 
should be noted that the study of Sevgi Ozalevli et al.  

MD 3.5); pulmonary fibrosis secondary to ILD (MD 
2.73 vs MD 3.53); and pulmonary fibrosis secondary 
to bronchiectasis (MD 2.31 vs MD 3.25). Figure 9 
depicts a graphical representation of SPO2 level fluc-
tuations prior to and after 8 weeks of intervention for 
each kind of pulmonary fibrosis caused by a distinct 
pathological condition.

Discussion

Our study shows that home-based pulmonary 
rehabilitation effectively improves pulmonary func-
tion, physical functional capacity, and quality of life 
in patients with pulmonary fibrosis. This study also 
indicates that a home-based pulmonary rehabilitation 
program is feasible (with a high adherence rate) and 
safe for pulmonary fibrosis patients.

Table 12. Rate of Perceived Exertion (RPE).

Variables

Pulmonary Fibrosis due to underlying disease

Post-COVID PF PF secondary to TB PF secondary to ILD PF Secondary to bronchiectasis

Intervention (n=16) MD Intervention (n=10) MD Intervention (n=15)

MD

Intervention (n=4) MD

Pre (n=16) 
Mean±S.D

Post (n=16) 
Mean±S.D

Pre (n=10) 
Mean±S.D

Post (n=10) 
Mean±S.D.

Pre (n=15) 
Mean±S.D

Post (n=15) 
Mean±S.D

Pre (n=4) 
Mean±S.D

Post (n=4) 
Mean±S.D

Rate of 
Perceived 
Exertion
(RPE)

2.87±1.02 1.53±0.90 1.34 2.90±0.56 1.60±0.51 1.30 3.20±0.77 1.93±0.59 1.27 3±0.81 1.75±0.95 1.25

*MD, mean difference for each type of pulmonary fibrosis due to underlying disease; *SD, standard deviation; *PF, pulmonary fibrosis.

Figure 9. SPO2 level(%) pre- post-intervention for each type of pulmonary fi-
brosis due to underlying disease.
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muscles [29, 30]. The reason for improvements in the 6 
MWT distance also indicates improvement in aerobic 
capacity over time [31]. On the other hand, the rea-
sons for the improvement in physical functioning may 
be because of improvement in neuromuscular perfor-
mance [32, 33]. The post-COVID pulmonary fibrosis 
group showed more improvement in 6MWT distance 
might due to improvement of cellular bioenergetics in 
the skeletal muscles, neuromuscular performance and 
lung function capacity compared to the other group.

A retrospective study done by Sevgi Ozalevli  
et al. showed that PFT were not changed after the 
home-based exercise program [10]. Seema K. Singh 
et al. also showed no significant improvement in PFT 
in patients with chronic lung impairment from pulmo-
nary tuberculosis [28]. Anyway, this study shows sig-
nificant improvement in PFT for FVC, FEV1, FEV1/
FVC, and DLCO after 8 weeks of intervention. The 
reasons for the improvement may be due to the large 
sample size in this study compared to the Sevgi Oza-
levli et al. and Seema K. Singh et al. study [10, 28]. In 
this study, we included not only IPF patients but also 
post-COVID pulmonary fibrosis, pulmonary fibrosis 
secondary to TB, pulmonary fibrosis secondary to ILD, 
and pulmonary fibrosis secondary to bronchiectasis pa-
tients were included. On the other hand, a RCT study 
conducted by Li Shen et al. showed improvement in 
pulmonary function test results [19]. These findings 
are in-line with this study. Exercise protocol, including 
aerobic and breathing exercises, can slow the decline of 

differed from our study as it had less sample size of 
17  IPF, and the home-based pulmonary rehabilitation 
program was of 12-week duration [10].

Marc Spielmanns et al. performed a prospective 
study in severe post-COVID patients compared with 
other lung diseases with a sample size of 99 for post-
COVID-19 patients and 419 for other lung diseases 
patients by giving comprehensive pulmonary reha-
bilitation which showed significant improvement in 
6MWD [27]. Li Shen et al. also performed a rand-
omized control trial (RCT) on idiopathic pulmonary 
fibrosis patients [19]. At the 12 months after pulmo-
nary rehabilitation, they found a substantial improve-
ment in 6MWD for the exercise group compared to 
the control group. The reduction in 6MWD was sig-
nificantly less in the exercise group than in the control 
group from the baseline. Seema K. Singh et al. showed 
significant improvement in 6MWD (MD 38 meters) 
in patients with chronic lung impairment from pul-
monary tuberculosis [28]. In this study, we found that 
the post-COVID pulmonary fibrosis group showed 
the greatest mean difference (MD 97.81) compared 
to other pulmonary fibrosis groups after 8 weeks of 
intervention.

The improvements in the walking distance could 
be due to the improved cellular bioenergetics that oc-
curred during 8 weeks of exercise-based pulmonary 
rehabilitation [29]. Physical deconditioning caused 
due to the disease pathology could be one of the rea-
sons for impaired cellular bioenergetics in the skeletal 

Table 13. SPO2 level (%).

s

Variables 
(SPO2  
level %)

Pulmonary Fibrosis due to underlying disease

Post-COVID PF PF secondary to TB PF secondary to ILD PF Secondary to bronchiectasis

Intervention (n=16)

MD

Intervention (n=10)

MD

Intervention (n=15)

MD

Intervention (n=4)

MD
Pre (n=16) 
Mean±S.D

Post (n=16) 
Mean±S.D

Pre (n=10) 
Mean±S.D

Post (n=10) 
Mean±S.D.

Pre (n=15) 
Mean±S.D

Post (n=15) 
Mean±S.D

Pre (n=4) 
Mean±S.D

Post (n=4) 
Mean±S.D

Baseline 
before 
6MWT

91.75±0.50 95.50±0.57 3.75 93.10±1.19 96.10±0.87 3 92.67±1.23 95.40±0.63 2.73 94.13±1.02 96.44±0.89 2.31

Immediate 
after 6MWT

89.75±0.50 93.75±0.51 4 90±0.66 93.5±0.70 3.5 89.67±0.97 93.20±0.86 3.53 91±0.89 94.25±1.18 3.25

3 min after 
6MWT

90.75±0.50 95.25±0.95 4.5 91.10±0.31 95±0.66 3.9 91.33±0.61 94.87±0.63 3.54 92.25±0.68 95.44±1.09 3.19

5 min after 
6MWT

92±0.5 96.25±0.98 4.25 92.70±0.67 96.30±0.68 3.6 92.13±0.64 95.93±0.70 3.8 93.19±0.98 96.56±1.15 3.37

*MD, mean difference for each type of pulmonary fibrosis due to underlying disease; *SD, standard deviation; *PF, pulmonary fibrosis.
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of pulmonary functional capacity [40]. On the other 
hand, the increase in the tolerance for dyspnoea may 
have also helped reduce the levels of perceived exer-
tion [30, 40]. Exercise protocol, including lower limb 
strengthening, may have also helped improve RPE 
scores [18, 41].

Holland et al. explained that the functional ca-
pacity is improved through the contribution of periph-
eral muscle adaption [42]. Previous studies in ILD and 
COPD have shown that weakness of peripheral mus-
cles indicates exercise intolerance and exercise capacity 
improvement following pulmonary rehabilitation be-
cause of peripheral muscle  adaptation [43- 45].

According to our study, after 8 weeks of interven-
tion, there was a substantial improvement in both the 
baseline saturation of peripheral oxygen level (SPO2) 
and after the 6MWT SPO2 level (MD 2.73% vs. MD 
3.47%, p<0.05). According to Ozalevli et al., indi-
viduals with idiopathic pulmonary fibrosis had a sub-
stantial (p<0.05) rise in peripheral oxygen saturation 
(SPO2) levels [10].These results are consistent with our 
study. Our study revealed that the SPO2 level of post-
COVID pulmonary fibrosis patients (before 6MWT 
MD 3.75% vs. after 6MWT MD 4%) improved more 
than the other subgroups. This improvement may be 
due to enhanced lung function capacity, which stops 
the lung fibrosis from progressing further.

HRQOL was assessed using the SF-36 question-
naire version 1.0, which covers total 9 domains. The 
score of each domain is depicted as a percentage of 
the overall impairments on a scale of 0-100%, where 
a lower score indicates reduced health status [46, 47]. 
Greater, more significant improvements were observed 
in the domains of Role limitations due to physical 
health (MD 28.88), Role limitations due to emotional 
health (MD 33.94), and general health (MD 35.44). 
Energy/fatigue domains were clinically significant. 
Improvements in domains are depicted in Table 4. 
The post-COVID pulmonary fibrosis group exhibited 
greater improvement in the categories of role limita-
tions due to physical health % (MD 45.32) and health 
change % (MD 31.25), which may be related to im-
provement in exercise capacity and lung function.

Ozalevli et al. showed that physical role, gen-
eral health, and emotional role domains were signifi-
cantly improved [10]. These findings are in-line with 

lung functional capacity [21, 34, 35]. So, the improve-
ment of pulmonary functional capacity may be helpful 
to prevent the further progression of lung fibrosis [36, 
37].This study has shown FVC value was more im-
proved in post-COVID pulmonary fibrosis (MD 0.09 
litres) and pulmonary fibrosis secondary to ILD (MD 
0.09 litres) groups. FEV1 improved better in post-
COVID pulmonary fibrosis (MD 0.08 litres) group. 
Greater improvement was observed for FEV1/FVC 
pulmonary fibrosis secondary to ILD (MD 0.01) in 
comparison to other categories of pulmonary fibrosis. 
For DLCO (MD 0.65 ml/min/mmHg) post-COVID 
pulmonary fibrosis group showed more recovery com-
pared to other groups. post-COVID pulmonary fibro-
sis and pulmonary fibrosis secondary to ILD showed 
more improvement may be because these two groups 
had more samples compared to other subgroups. How-
ever, there were only minor changes observed in all 
four subgroups of pulmonary fibrosis (post-COVID 
pulmonary fibrosis, pulmonary fibrosis secondary to 
ILD, pulmonary fibrosis secondary to TB, and pulmo-
nary fibrosis secondary to bronchiectasis). This could 
be because all subgroups underwent in the same home 
exercise program for eight weeks.

In this study, we found a mean difference of 1.30 
units in RPE scores after 8 weeks of intervention which 
was above the MCID value [38]. Rate of Perceived Ex-
ertion (RPE) scores are more reduced after 8 weeks of 
intervention in post-COVID pulmonary fibrosis group 
(MD 1.34).This might be because these groups were 
showed more improvement in their lung functional 
capacity.

Rogliani et al. conducted an observational study 
on patients recovering from COVID-19 [39]. This 
study showed that the sensation of dyspnoea after 
post-6MWT was clinically and statistically signifi-
cant. (Δ pre-post 6MWT Borg scale: median 1.5, IQR 
0.3-2, range 0-5) [39]. These results were consistent 
with our study. Ozalevli et al. reported that the per-
ceived dyspnea severity during daily activities was sig-
nificantly reduced [10].

The rate of perceived exertion interprets the in-
dividual’s efforts, breathlessness, fatigue, and levels 
of perceived exertion [22]. The overall reduction in 
the levels of perceived exertion may be due to an al-
teration in breathing patterns and an improvement 
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Conclusions

Therefore, a home-based pulmonary rehabilita-
tion program is effective, safe, and feasible and can be 
used to treat pulmonary fibrosis patients secondary to 
ILD, post-COVID pulmonary fibrosis, pulmonary fi-
brosis secondary to TB secondary to bronchiectasis in 
the Indian setup. It may provide beneficial effects in 
improving these patients’ pulmonary function as well 
as aerobic conditioning, physical functional capacity by 
decreasing dyspnea severity and increasing the SPO2 
level, and quality of life.
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