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Pulmonary rehabilitation in connective tissue disease-
associated interstitial lung disease: A systematic review

Irem Seleoglu, Aynur Demirel
Department of Cardiopulmonary Rehabilitation, Faculty of Physical Therapy and Rehabilitation, University of Hacettepe, Ankara, Türkiye

Abstract. Background and aim: Interstitial lung disease (ILD) is the major contributor to mortality in between 
chronic lung diseases. ILD originates from voluminous pathophysiological factors. One of the reasons is con-
nective tissue diseases (CTD). According to experts, patients with CTD-ILD may have a stable disease activity 
and not need conventional treatment. Also, with pulmonary rehabilitation (PR), these patients may benefit 
from improving clinical outcomes and regression in mortality. However, the characteristics of these patients and 
whether they have stable disease activity in practice are not known. Methods: The systematic review was per-
formed via the AI-powered tool with six databases to conduct literature research. The methodologic quality of 
the studies, risk of bias, and level of evidence were assessed. Results: According to the final four included studies 
PR benefit moderate levels of evidence for lung functions and diffusion capacity, functional capacity, quality of 
life, dyspnea severity, and fatigue level. However, there was limited evidence for respiratory, and peripheral mus-
cle strength for CTD-ILD patients. Conclusions: The literature shows that the use of PR for CTD-ILDs wasn’t 
widespread. Our findings suggest that PR can be used in CTD-ILDs to recover clinical parameters like, lung 
functions, quality of life, dyspnea severity, and fatigue level. More comprehensive studies should be conducted 
to reveal the effect of the PR in the evidence-based frame.

Key words: connective tissue disease, lung diseases, interstitial, therapeutics, pulmonary rehabilitation,  
pulmonary medicine, respiratory therapy

Introduction

More than one hundred eighty inflammatory 
lung disorders are called interstitial lung diseases 
(ILD) (1). ILD has been caused by exposure, dis-
ease associations, a specific pathology, or no exist-
ing concrete reason (1). Architectural distortions 
of the lungs lead to ruin in lung functions, dysp-
nea, decrease in carbon monoxide diffusion capac-
ity (DLCO), progressive muscle weakness, exercise 

intolerance, and decline in quality of life (QoL) 
as well (2). Edema and infiltration of white blood 
cells impair the capillary construction. There might 
be decreases in alveolar blood flow and ventilation 
restriction. The disease activity of ILD is based on 
etiology. More than 200 separate disorders can give 
rise to ILD (3). Connective tissue diseases (CTD) 
can convert into ILD within time, as well. CTD- 
ILD- associated pulmonary fibrosis progresses in 
40% of cases of rheumatoid arthritis-associated ILD 
(RA-ILD), 32% of systemic sclerosis (scleroderma)-
associated ILD (SSc-ILD), 16% of polymyositis/
dermatomyositis-associated ILD (PM/DM ILD), 
and 24% of Sjögren’s syndrome-associated ILD 
(SS-ILD) (4). Disease concept, clinical course, treat-
ment responses, and prognosis change according to 
the disease activity (5). Involvement of the lung be-
comes a major decisive contributor to the increase 
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in mortality in CTD-ILD (6). ILD can be the only 
manifestation of a yet-to-be-diagnosed CTD (7). 
Pharmacological interventions include antifibrotic 
agents, glucocorticoids, calcineurin inhibitors, tu-
mor necrosis factor inhibitors, intravenous immuno-
globulin, plasma exchange, and referrals for stem cell 
and lung transplantation. For systemic autoimmune 
rheumatic diseases (SARD) associated with ILD pa-
tients, glucocorticoids have been conditionally rec-
ommended as a first-line ILD treatment. Nintedanib 
which is antifibrotic has been demonstrated to reduce 
the rate of forced vital capacity (FVC) decline in pa-
tients with SSc-ILD (scleroderma) (8). However, for 
SARD ILD other than SSc-ILD, the early use of 
Nintedanib is not currently advised (9). Besides con-
ventional treatment, rheumatologic rehabilitation, 
physiotherapy, pulmonary rehabilitation, aerobic, re-
sistance training, yoga, tai chi exercises, supplemental 
oxygen, and smoking cessation have been condition-
ally recommended according to the latest American 
College of Rheumatology (ACR) guideline for the 
treatment of ILD in people with SARDs (9,10). 
Interventions that target an increase in physical fit-
ness and physical activity level are recommended to 
prevent cardiovascular disease risk in patients with 
inflammatory rheumatic diseases (11). Since ob-
structive pulmonary diseases have similar outcomes 
to ILD, PR has been used in ILD in the distant past 
to increase QoL, physical fitness, well-being, partici-
pation in activities of daily living (ADL), and strug-
gling with dyspnea (12,13). PR covers resistance and 
supervised specified aerobic exercises, for CTD-ILD 
patients (14). Nonetheless, the optimal delivery pre-
scription of PR for CTD-ILD has not been agreed 
upon, like in ILD (15,16). Recently, there have been 
an increasing number of studies that investigated 
more specifically autoimmune diseases related to 
ILD (17), despite more difficult access to PR of all 
ILD patients (18). Therefore, this systematic review 
aims to demonstrate the effectiveness and safety of 
PR in CTD-ILD patients on clinical outcomes.

Methods

Data sources and searches

Current review was performed to investi-
gate the efficacy of PR in CTD-ILD patients. The 
study protocol registry was taken from the Interna-
tional Prospective Register of Systematic Reviews 

(PROSPERO ID CRD42023442754). Data were 
collected with MESH search terms' lung Diseases, 
Interstitial’, ‘Rheumatic Diseases’ ‘Therapeutics’, 
and ‘Pulmonary Medicine’ from PubMed, Scholar, 
Cochrane, Web of Science, PEDro, and SCOPUS 
databases with Boolean logic between inception 
through July 2023 (Table 1). Data collection is shown 
below (Figure 1). All 2835 results were collected into 
the Mendeley Reference Manager program file and 
transferred to the Rayyan AI-Powered Tool (19). 
704 duplicated studies were determined via Rayyan 
and eliminated.

Study selection

The selection was identified by the PICO 
framework in Table 2. The main inclusion criteria 
were based on investigating the efficacy and prog-
nostic effect of PR in CTD-ILD and healthy con-
trols. Cross-over, randomized, and non-randomized 
controlled studies were included. Participants in in-
cluded studies according to differential diagnostic 
criteria (e.g. the relative decrease in FEV1- at least 
10% and in DLCO ≥ or <40%, fibrosis in computed 
tomography scan, confirmed diagnosis of CTD by 
a rheumatologist which was met ACR/ European 
League Against Rheumatism criteria or serology 
results) were accepted (20-22). Studies that investi-
gated the effect of PR on lung function, respiratory 
muscle strength and endurance, DLCO, QoL, exer-
cise capacity, and adverse events as main outcomes 
were comprised. Studies that include CTD-ILD pa-
tients were designated as a main group. Other ILD 
etiologies such as IPF and asbestosis were defined as 
internal controls. Case reports, case-control, cohort, 
congress abstracts, trial protocols), animal studies, 
editorial letters, systematic reviews meta-analyses, 
and the existence of severe comorbid neurologic, 
and orthopedic illnesses were excluded. Studies were 
first screened by title and abstract. The results from 
database research were assessed independently in a 
blinded study design by two researchers (AD and 
IS). The agreement rate between authors on study 
exclusion was 99.7%. Resolvement of conflicts was 
made in the common meeting.

Data extraction and quality assessment

AD and IS demonstrated included studies ac-
cording to an author name, year of publication, 
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Searches identified by Pubmed, 

Google Scholar, Cochrane, Web of 

Science, PEDro, Medline, databases

(n =3225)

Searches deleted before 

screening process

Duplicated ones removed 

(n= 704)

Searches screened

(n= 2521)

Searches assessed for eligibility in terms 

of study design, population, intervention 

type, language barriers, publication types, 

search field

(n=86)

Searches excluded based 

on titles and abstract

(n=2435)

Searches included in 

reviews

(n= 4)

Figure 1. Flow chart of the systematic review.

Table 1. Summary of the search strategy via MESH terms.

Mesh Terms Search Terms

Lung Diseases, Interstitial “Lung Diseases, Interstitial” [Mesh] OR “Diffuse Parenchymal Lung Disease” 
OR “Interstitial Lung Diseases” OR “Diffuse Parenchymal Lung Diseases” OR 
“Interstitial Lung Disease” OR “Lung Disease, Interstitial” OR “Pneumonia, 
Interstitial” OR “Interstitial Pneumonia” OR “Interstitial Pneumonias” OR 
“Pneumonias, Interstitial” OR “Pneumonitis, Interstitial” OR “Interstitial 
Pneumonitides” OR “Interstitial Pneumonitis” OR “Pneumonitides, Interstitial”

Rheumatic Diseases “Rheumatic Diseases’’ [Mesh] OR “Disease, Rheumatic’’ OR “Diseases, Rheumatic’’ 
OR “Rheumatic Disease’’ OR “Rheumatism’’

Therapeutics “Therapeutics’’ [Mesh] OR “Therapeutic’’ OR “Therapy’’ OR “Therapies’’ OR 
“Treatment’’ OR “Treatments’’

Pulmonary Medicine “Pulmonary Medicine’’ [Mesh] OR “Respiratory Medicine’’ OR “Medicine, 
Respiratory’’ OR “Medicine, Pulmonary’’ OR “Pulmonology’’ OR “Pneumology’’ OR 
“Pneumonology’’

Undifferentiated Connective Tissue Diseases “Undifferentiated Connective Tissue Disease’’

country, study design, participation characteristics 
mean age of participants, intervention training pa-
rameters, intervention duration, control training pa-
rameters, outcomes, and results.

To decide the level of evidence of each study, the 
EBRO (Dutch Evidence-based Richtlijn Ontwikke-
ling Guideline Development and Modified Bakker 
Scale was used (23,24). There are 5 levels in EBRO 
which are A1, A2, B, C, and D. Results were classified 
with the primary outcome by EBRO. The Modified 

Bakker Scale was used to classify the level of evidence 
into strong, moderate, limited, conflicting, or weak. The 
decision to categorize the level of evidence was made 
based on methodologic quality and consistency (24). 
The methodological quality of included studies: AD 
and IS assessed the quality and risk of bias (RoB) in 
a blind study design with the PEDro scale. It inves-
tigates the internal and external validity that covers 
the generalizability and applicability of the trial (25). 
Controlling Risk of Bias of Included Studies: The 
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the existence of a control group. Seventy-four of the 
total 221 participants were male, 111 of them were 
female and 36 participants’ gender wasn’t indicated. 
Aerobic and resistance training for 68 patients with 
IPF, asbestosis, and CTD-ILD (28) aerobic, resist-
ance, flexibility, and postural control training for 9 
scleroderma- related ILD patients (29); aerobic, re-
sistance, and motor function training which was 
therapist-oriented home exercise (TOHR) for 16 
Ssc with ILD patients (30); breathing, resistance and 
aerobic exercises for 37 Ssc with ILD patients were 
investigated (31). Seventy patients took medical 
treatment synchronously during study process. For 
Dowman et. al. ‘s study, thirty-five patients (47.2% 
of the exercise training group) took medical treat-
ment (respectively, 25 patients had prednisolone, 
8 patients had immunosuppressant, and 1 patient 
had pirfenidone). Also, 20 patients of 23 CTD-ILD 
population used prednisolone and immunosuppres-
sants (28). Among 16 SSc cases, seven cases were 
treated with low-dose corticosteroids (prednisone 
4–10 mg/day) also two of them were simultane-
ously receiving oral azathioprine during the study. 
Moreover, 14 people had infusive therapy with ilo-
prost in the control group of Antonioli et. al.’s study 
(30). Details of pharmacological treatment weren’t 
featured in Gomes De Alegria et. al and Yakut  
et. al.’s studies. There was no notable difference 

revised version of the Cochrane RoB tool for RCTs 
(RoB-2) and the ROBINS-I tool for n-RCT was 
used (26). Results were explained as low, high, and 
unclear in the RoB-2 tool. The possible answers are 
low, moderate, serious, critical risk of bias, and no 
information in the ROBINS-I tool (27).

Results

Data collection results and study characteristics

The total extracted articles were 3225. The pub-
lication years of the studies are between 2009 and 
2022. Duplicated 704 articles were deleted. There-
fore 2521 articles were first screened. According to 
the EBRO checklist, 86 articles were chosen as eli-
gible. They were assessed in abstract and title form 
and labeled as include, exclude, or maybe. In conclu-
sion, 4 articles were analyzed for review, which were 
2 RCTs, 1 n-RCT, and 1 quasi-experimental stud-
ies. The trial’s methodological quality ranged from 1 
to 10 points based on the PEDro scale. Although 
PR isn’t widespread in this population, its benefit 
has been demonstrated in current findings. The av-
erage methodological quality score was 6.25 points, 
which is accepted as a ‘good’ result (28,31). Table 3 
shows the characteristics of the studies. The most 
common flaws in the studies were the blinding and 

Table 2. PICOS evaluation of the study.

Parameters Inclusion Criteria Exclusion Criteria

Participants Patients with ILD with rheumatological diseases Abstracts, case reports, case series, editorials, letters, and 
opinion pieces.
Participants who have severe comorbid neurologic, and 
orthopedic illnesses

Intervention Studies in which pulmonary rehabilitation was 
compared with no pulmonary rehabilitation or with 
other therapy in people with ILD.

Comparator Pulmonary treatments, and pulmonary rehabilitation 
programs which are guided by ATS/ERS

Usual care (regular medical care alone)

Outcomes Safety
Health care utilization
Lung function
Respiratory muscle strength and endurance
Diffusion capacity
Quality of life
Exercise capacity
Adverse events

Studies without any defined clinical outcomes

Study Design Cross-over, Randomized controlled studies, non- 
Randomized controlled studies

Case report, case-control, cohort, unpublished studies 
(e.g. Conference abstracts, trial protocols), animal studies, 
editorials, correspondence letters reviews, meta-analyses, 
systematic reviews, non-English studies
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significant increase in the airway's inertial properties 
and the lung periphery's capacitance after TOHR 
(29). Antonioli et. al. showed that there was no long-
term effect (in the second and fourth month in post- 
post-intervention term) of exercise training (30). 
Yakut et. al. showed that after 12 weeks of super-
vised exercise, lung functions, and dyspnea severity 
improved in Ssc with ILD patients (p<0.05). There 
were improvements in the home exercise group, as 
well (31). The level of evidence was moderate in SSc 
(Tables 3 and 4).

Effect of PR on respiratory- peripheral 
muscle strength

Dowman et. al showed that 8-week aerobic, 
resistance exercises weren’t sufficient to increase pe-
ripheral muscle strength in CTD-ILD (28). On the 
other hand, Yakut et. al. revealed that knee exten-
sor and handgrip strength increased after supervised 
exercise (p<0.05). In the home exercise group, pe-
ripheral muscle strength was not affected except for 
knee extensor strength (p>0.05) (31). Dowman et. al. 
revealed an increase in respiratory muscle strength in 
the post-intervention term (28). Yakut et. al. showed 
an increase after supervised exercise as well. How-
ever, in the home exercise group, there is no signifi-
cant in inspiratory muscle pressure (p>0.05) (31). 
Gomes de Alegria and Antonioli et. al. didn’t investi-
gate the change in muscle strength as an outcome of 
an exercise program (29,30). The level of evidence of 
muscle strength outcome measurement was limited 
in Ssc with ILD patients (Tables 3 and 4).

Effect of PR on functional capacity

Dowman et. al. showed that 6-minute walking 
distance (6MWD) improved after exercise training 
6 months in CTD-ILD, but not in IPF or asbestosis 
patients. Participants who completed the program 
and were able to progress their protocol showed a 
greater increase in 6MWD[32]. Gomes de Alegria et. 
al. didn’t investigate the functional capacity 29). Ac-
cording to Antonioli et. al., there was no sustainment 
in the post-intervention term (p>0.05) Yakut et. al. 
showed an increase in 6MWD in all Ssc-associated 
ILD patients. There was a significant difference in 
the restoration of functional capacity in favor of 
supervised exercise from pre to post-intervention 
(p<0.05) (31). The level of evidence was moderate in 

between usual care and exercise groups in terms of 
baseline pulmonary function, diffusion capacity, res-
piratory muscle strength, dyspnea severity, functional 
capacity, peripheral muscle strength, HrQoL, and fa-
tigue levels for Yakut et. al.’s study. The intervention 
and control groups showed no baseline differences in 
the overall ILD population except for HrQoL and 
use of exertional oxygen, or across subgroups, ex-
cept for MMRC dyspnea for Dowman et. al. ‘s study  
(p > .05). Table 4 summarizes of findings of PR on 
clinical outcomes in patients with CTD-ILD.

Controlling Risk of Bias of included studies Results and 
decision to level of evidence

The methodological quality of the studies was 
6.25±3.86 points (between 1 and 10 points) (Table 5).

Three studies (28,30,31) had high quality  
(PEDro score≥6). Dowman et. al. didn’t involve a 
blind therapist. Gomes De Alegria et. al. had the 
lowest quality level which was just enough to meet 
the eligibility criteria. Blinding, randomization, and 
allocation concealment were missing in Antonioli 
et. al.’s study. RoB 2 tool rated n-RCTs as “low” or 
“some concerns”, due to the missing blinding (28,31) 
(Table 6).

RCTs had a moderate bias related to outcome 
assessment and reported results (29,30) (Table 7).

According to the EBRO checklist, 3 studies 
(28-30) were at the B level, due to the inadequate 
controlling of confounding factors, the existence of 
reference tests, and the control group. Yakut et. al.’s 
study was at the A2 level, with an appropriate study 
design (31).

Effect of different PR programs on outcomes

Effect of PR on lung function and diffusion 
capacity

Dowman et. al. found that the change between 
pre/post-intervention and at the sixth month de-
creased (p>0.05) in all ILD groups (n=142), except 
asbestosis and CTD-ILD groups in terms of FVC% 
predicted (pred.) and TLCO% pred. Total lung ca-
pacity wasn’t reported in post-intervention (28). Ac-
cording to Gomes de Alegria et al., non-significant 
decreases in lung function were seen in scleroderma-
related ILD. An impulse oscillometer was preferred to 
evaluate airway resistance and reactance. There was a 
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Table 4. Summarize of findings of PR on clinical outcomes

Clinical 
Outcomes

What was found in 
Dowman et al.'s study 
(28)?

What was found in 
Gomes de Alegria et al. 's  
study (29)?

What was found in 
Antonioli et al. 's  
study (30)?

What was found in 
Yakut et al. 's study (31)?

Level of 
evidence

Lung 
function and 
diffusion 
capacity

- Improvement,
Resistive and reactive 
parameters of the lung 
were improved after 
exercise training (p<0.05).
Decreased,
FVC was decreased 
between pre/post-exercise 
training (p=0.06).

- improvement
Pulmonary functions 
were significantly 
increased in both groups, 
except FEV1/FVC.

Moderate 
evidence

Respiratory- 
peripheral 
Muscle 
Strength

No effect,
in terms of
knee extensor muscle 
strength, elbow flexor 
muscle strength (p>0.05).

- - Improvement,
Changes in MIP% and 
MEP% were significant 
in SEG, but only MEP% 
change was significant in 
HEG.
Knee extensor strength 
significantly changed in 
both groups.
Hand grip strength 
significantly changed in 
just SEG.
(p<0.05)

Limited 
evidence

Functional 
Capacity

improvement (p<0.05)
Decreased,
6MWD achievement 
between IG-CG declined 
at 6. month from 25m. to 
21 m. (p<0.03).

- No effect,
6MWD didn’t 
change between the 
post-exercise term 
and after 4 months 
(p>0.05)

Improvement,
(p<0.01), in terms of 
6MWD

Moderate 
evidence

Quality of 
Life

Improvement, (p<0.05)
HrQoL at only 9. weeks 
(except SGRQ-I domain).
Decreased,
Rise in HrQoL after 
exercise declined at 6. 
Month. (p<0.05).

- Improvement, 
sustainable between 
the post-exercise 
term and after 
4 months (p<0.05).

Improvement
p<0.05

Moderate 
evidence

Dyspnea 
Severity

No effect (p>0.05)
Decreased,
Succession in dyspnea 
management was affected 
at 6. Month negatively 
(p<0.06).

- - Decreased,
mMRC score was 
decreased in SEG after 
exercise treatment, but 
not in HEG. This means 
supervised exercise 
is more effective in 
decreasing dyspnea.

Moderate 
evidence

Anxiety- 
Depression 
Level

No effect
Between pre/
post-intervention

- - - Limited 
evidence

Fatigue Level - - - Decreased
In both groups, the 
highest fatigue level 
decrease existed in the 
psychosocial part

Moderate 
evidence

Hand 
Mobility 
and Skin 
Thickness

- - Improvement,
(p<0.05)

- conflicting 
evidence

Abbreviations: SEG: supervised exercise group, HEG: home exercise group, 6MWT: 6-minute walking test, HrQoL: health-related quality 
of life, SGRQ-I: Saint George Respiratory Questionnaire IPF- specific version, IG: intervention group, CG: control group, FVC: forced 
vital capacity, MIP: mean inspiratory pressure, MEP: mean expiratory pressure, FEV1: The forced expiratory volume in 1 second.
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Effect of PR on dyspnea severity

Dowman et. al. showed the largest change in 
dyspnea was seen in the asbestosis group. They didn’t 
detect changes following the exercise in CTD-ILD 
(28). Gomes De Alegria and Antonioli et. al. didn’t 
investigate the change in dyspnea (29,30). Yakut et. 
al. found a decrease in dyspnea severity in the su-
pervised exercise group (p<0.05). However, no sig-
nificant differences were seen in the home exercise 
group (p>0.05) (31). The evidence level for dysp-
nea was moderate in Ssc-associated ILD patients  
(Tables 3 and 4).

Effect of PR on anxiety and depression level

Dowman et. al. found no difference between 
pre/post-intervention (p>0.05) (28). The level of evi-
dence was limited in the CTD-ILD group (Tables 3 
and 4).

Effect of PR on fatigue level

Yakut et. al found a decrease in fatigue percep-
tion in pre/post-intervention terms, especially in the 
supervised exercise Ssc-associated ILD group (31).

Ssc-associated ILD and CTD-ILD patients (Table 3 
and 4).

Effect of PR on QoL

Dowman et. al. demonstrated significant im-
provements in QoL between pre/post-intervention. 
Improvement in QoL was lost in the sixth month 
of post-intervention in the exercise group QoL im-
proved significantly in the asbestosis and CTD-ILD 
group (28). Gomes de Alegria et. al. didn’t investi-
gate the change in QoL (29). Antonioli et. al. found 
improvements in QoL in the post- intervention 
term, as well. There were 60%, 67%, and 47% in-
creases in the “activity,” “symptoms,” and “impact” 
scores of the QoL scale, respectively were minimally 
clinically important differences after the exercise 
program in Ssc (30). Yakut et. al. demonstrated 
improvements in QoL in both groups with 0.123 
points decrease in QoL scales as MCID for Ssc with 
ILD patients (p<0.05). Also, an increase in physical 
and mental components above the minimal impor-
tant difference (respectively 2.25 and 0.18 points) 
for patients with SSc after exercise was found (31). 
The evidence level of QoL was moderate in CTD-
ILD (Tables 3 and 4).

Table 6. Risk of bias assessment of included RCT studies via Adapted Cochrane collaboration's Tool, RoB 2

Article

Random 
sequence 
generation 
(selection bias)

Allocation 
concealment 
(selection 
bias)

Blinding of 
participants 
and researchers 
(performance bias)

Blinding 
of outcome 
assessment 
(detection bias)

Incomplete 
outcome data 
(attrition bias)

Selective 
reporting 
(reporting bias)

Other 
bias

Dowman et al. 
2017 (28)

Yakut et al. 
2021 (31)

Black box: high risk of bias; grey box:  unclear risk of bias; white box: low risk of bias

Table 7. The Risk of Bias assessment in Non-randomized Studies – of Interventions (ROBINS-I) assessment tool.

Article
Bias due to 

confounding

Bias in the 
selection of 

participants for 
the study

Bias in the 
classification of 
interventions

Bias due to 
deviations 

from intended 
interventions

Bias due 
to missing 

data

Bias in 
measurements of 

outcomes
Overall 

bias

Antonioli 
et al. 2009 (30)

+ + + + + - -

Gomes de 
alegria et al. 
2022 (29)

+ ? + + + - -

a: + = low risk of bias, - = moderate risk of bias, / = serious risk of bias, x = critical risk of bias, ? = no information
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respiratory and peripheral muscle strength, cross- 
sectional area of the lung with limited evidence; to 
hand mobility and skin thickness with conflicting 
evidence level in patients with CTD- ILD. There 
might be underlying other factors that stabilize or 
improve clinical outcomes for CTD-ILD. De-
spite recent advances in diagnosis and conventional 
therapy, patients with CTD-ILD mostly experience 
a chronic progression of the disease, leading to a 
growing accumulation of organ damage and disabil-
ity. People with CTD-ILD experienced significant 
clinical improvements with PR following pharma-
cological treatment and disease severity is a predic-
tor of long-term benefits, with milder cases showing 
more sustained treatment effects. Another important 
finding was that adhering to exercise progression and 
pharmacological treatment enhances these benefits 
to the fullest. Besides gold standard conventional 
treatment, PR has been suggested in CTD-ILD to 
prevent the progression of the disease (33). Aerobic, 
resistance, breathing, flexibility, postural control, and 
motor function exercises were used as PR modalities 
in studies that made up the current review (28,31). 
Only one study preferred occupational therapy and 
finger stretching exercises due to the involvement 
of upper extremity joints (30). Behavioral and en-
vironmental modifications such as exercise training, 
and smoking cessation, should be done before con-
ventional treatment (34) with current findings (32). 
PR has been recommended in patients with obstruc-
tive pulmonary diseases who have common symp-
toms with ILD such as the existence of respiratory 
distress, hypoxemia, skeletal muscle dysfunction, 
increased respiratory effort, distorted airflow, venti-
latory limitation, deterioration in QoL and exercise 
capacity (35,36). In terms of this current systematic 
review, baseline dyspnea was higher in the CTD- 
ILD group, rather than in IPF and asbestosis groups 
(28). Also, low FVC % existed (80% and above), 
despite having a normal range of carbon monoxide 
transfer factor % predictive in the CTD- ILD group 
(32). There were improvements in lung functions and 
DLCO after PR in CTD-ILD, like improvements 
in other ILD patients in previous reports (37). There 
are no studies investigating the effect of PR on pul-
monary functions in CTD-ILD different phenotypes 
except for the included studies. Yakut et. al. showed 
that if supervised, combined exercise programs such 
as breathing, aerobic, resistive exercises, and self-
management strategies are used, the possibility of 

The evidence level for fatigue was moderate in 
Ssc-associated ILD patients (Tables 3 and 4).

Effect of PR on issues related to 
rheumatologic involvement (hand mobility 
and skin thickness)

Antonioli et. al. stated an increase in right-hand 
mobility in the post-intervention term(p=0.005). 
However, due to missing pre-intervention data, im-
provement wasn’t estimated. For the left hand, hand 
mobility improved after exercise, as well. There was 
no difference in skin thickness between pre/post-
intervention terms (p>0.05) (30). The evidence level 
for hand mobility was conflicting in CTD-ILD be-
cause the study had inconsistent findings (Tables 3 
and 4).

Effect of pharmacological treatments on 
outcomes of PR

Dowman et al. found no influence of pharma-
cological interventions on anxiety and depression in 
the usual care group of CTD-ILD patients (p>0.05). 
Six CTD-ILD patients completed the exercise pro-
gram, whereas five didn’t. The factor associated with 
improved lung function and functional capacity in 
the CTD-ILD population is unknown, as the onset 
of PR and pharmacological treatment was unknown. 
In terms of change in 6MWT-d, usual care and ex-
ercise training groups of the CTD-ILD population 
they had an advantage in the sustainability of im-
provement in functional capacity. Between 9 weeks 
and 6 months, there was a non-significant decrease 
of 6MWT-d in the exercise group of the CTD-ILD 
population, unlike IPF and asbestosis populations 
(28). Because of no apparent distinction between the 
pharmacological treatment group and the rehabilita-
tion group, the effect of pharmacological treatment 
on clinical outcomes wasn’t presented in Antonioli 
et. al.’s study (30) (Table 3).

The evidence level for pharmacological treat-
ments on outcomes of PR was moderate in CTD- 
ILD and SSc (Tables 3 and 4).

Discussion

The current study found that PR benefits lung 
functions, DLCO, functional capacity, QoL, dyspnea 
severity, and fatigue perception with moderate levels; 
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PR more commonly in clinical practice to improve 
the QoL in patients with SSc-associated ILD like 
all CTD-ILD phenotypes (46). There was limited 
evidence of anxiety-depression levels in CTD-ILD 
patients in the current findings. There were enor-
mous studies about anxiety, and depression levels 
of ILDs, otherwise, insufficient evidence existed in 
CTD-ILDs. Dowman et. al. showed the relationship 
between anxiety-depression levels at pre-diagnosis 
of the disease and patient adherence (28). Previous 
studies showed that CTD-ILD patients were vul-
nerable to feeling anxiety and depression easily due 
to the disease activity (47). It was indicated that sys-
temic manifestations such as the Raynaud phenom-
enon, and puffy hands that were seen in CTD-ILDs 
converted into risk factors for change of perception 
and coping and an increase in anxiety and depres-
sion levels even after intervention (48). Fatigue is a 
widespread manifestation of CTDs (49). Increased 
fatigue was related to a decrease in DLCO, impaired 
QoL, increase in dyspnea severity, deterioration in 
exercise capacity, and decreased whole-body muscle 
strength (49) in ILD patients, consistent with cur-
rent findings in SSc-associated ILD (31). Supervised 
breathing, resistance, and aerobic exercises decreased 
fatigue in the psychosocial activities in Ssc-related 
ILD patients (31). In contrast to the literature, there 
was no study investigating the effect of PR on physi-
cal activity levels in CTD-ILD. While the severity of 
the CTD-ILDs increased, the physical activity level 
decreased (50). Moreover, it was suggested that stud-
ies should explore the impact of PR on the disease 
activity of CTD-ILD.

Limitations

There were some limitations in the included 
studies which were conflicts in the blinding process 
(32-28), randomization (29,30), adequate follow-up 
data, appropriate statistical analysis preference, and 
homogeneity of groups at baseline (29). These re-
sults might not provide new insights to understand 
the long-term effects of PR. A larger sample size 
and long-term prospective studies should have been 
done in the studies to detect accurate suggestions. 
The current review showed that the use of PR for 
CTD-ILDs wasn’t widespread. Despite the exist-
ence of heterogeneity in the use of PR and insuf-
ficient data in the related literature, meta-analysis 
wasn’t conducted. Moreover, the improvement in 

effect may increase in scleroderma-associated ILD 
(31). In contrast to Yakut et. al., Gomes De Alegria 
et. al found no improvement in lung functions after 
PR for the same population (29). Previous studies 
reported inconsistent findings about small airway 
disease existence in CTD-ILD due to uncommon, 
preferred outcome measurement methods. However, 
Gomes De Alegria et. al. revealed improvement in 
small airway disease at post-intervention term which 
was explained by the existence of changes in bron-
chiolar level (29). Respiratory muscle strength of 
CTD-ILD patients was lower than the reference 
value with current findings (31). The association 
between respiratory muscle weakness and increased 
dyspnea, decreased functional capacity, and QoL in 
SSc- associated ILD has been stated in a previous 
study (38). Disuse atrophy and physical inactivity 
were seen (39-40) in CTD-ILD. Contrary to CTD-
ILD literature, the effect of PR on muscle strength 
was detected via restoration of lung functions in 
other ILDs (41-42). However, there are no study in-
vestigated the effect of respiratory muscle training in 
CTD-ILD. Inconsistency in a change in peripheral 
muscle strength after PR was indicated in variable re-
ports (28,31). One study found no change in periph-
eral muscle strength, otherwise, another study found 
an increase in knee extensor and hand grip strength 
in the supervised PR group. This was explained by 
the effect on overall muscle strength of PR programs 
which consist of aerobic, strengthening exercises. An 
increase in muscle strength was detected especially 
with resistance and strengthening exercises in rheu-
matoid arthritis patients with pulmonary involve-
ment (43). Exercise might provide a restoration in the 
regulation of inflammation, fibrosis (44), and disease 
activity (43). Further searches should prescribe mod-
ified strengthening exercises for CTD-ILD pheno-
types by decreasing joint involvement to a minimum. 
QoL improved after PR in CTD-ILDs with current 
findings. This is consistent with previous reports (9). 
The improvement in QoL in the ninth week accord-
ing to Dowman et. al. suggests that the length of the 
prescribed exercise training can affect across all spec-
trums of CTD- ILD (28). Dowman et. al. found a 
decline of improvement in QoL in the sixth month 
post-intervention term in CTD- ILD.The sustain-
ability of exercise training reinforces permanent im-
provements in QoL (45). Also, self-management is 
part of the PR benefit of tolerating exercise. Cur-
rent findings strengthened the necessity of the use of 



SARCOIDOSIS VASCULITIS AND DIFFUSE LUNG DISEASES 2024; 41 (4): e202406014

2. Wytrychowski K, Hans-Wytrychowska A, Piesiak P, Majewska- 
Pulsakowska M, Rożek-Piechura K. Pulmonary rehabilitation in in-
terstitial lung diseases: A review of the literature. Adv Clin Exp Med. 
2020 Feb;29(2):257-264.

3. Wijsenbeek M, Suzuki A, Maher TM. Interstitial lung diseases. 
Lancet (London, England). 2022;400(10354):769-786. doi:10.1016 
/S0140-6736(22)01052-2

4. Olson A, Hartmann N, Patnaik P, et al. Estimation of the prevalence 
of progressive fibrosing interstitial lung diseases: systematic literature 
review and data from a physician survey. Adv Ther. 2021;38:854-867.

5. Kondoh Y, Makino S, Ogura T, et al. 2020 guide for the diagnosis and 
treatment of interstitial lung disease associated with connective tissue 
disease. Respir Investig. 2021;59(6):709-740. doi:https://doi .org/10 
.1016/j .resinv .2021 .04 .011

6. Steen VD, Medsger TA. Changes in causes of death in systemic scle-
rosis, 1972–2002. Ann Rheum Dis. 2007;66(7):940-944.

7. Mathai SC, Danoff SK. Management of interstitial lung disease as-
sociated with connective tissue disease. BMJ. 2016;352. doi:10.1136 
/bmj.h6819

8. Şenel AS, Denizhan TK, Kızıltepe M, Kokoglu EO, Tutar N.  
Recurrent spontaneous pneumothorax under nintedanib treatment in 
interstitial lung disease associated with systemic sclerosis. Sarcoidosis, 
Vasc Diffus Lung Dis. 2023;40(4).

9. Johnson SR, Bernstein EJ, Bolster MB, et al. 2023 American Col-
lege of Rheumatology (ACR)/American College of Chest Physicians 
(CHEST) guideline for the treatment of interstitial lung disease 
in people with systemic autoimmune rheumatic diseases. Arthritis 
Rheumatol. 2024;76(8):1182-1200.

10. Tognolo L, Coraci D, Fioravanti A, et al. Clinical impact of bal-
neotherapy and therapeutic exercise in rheumatic diseases: A lexical 
analysis and scoping review. Appl Sci. 2022;12(15):7379.

11. Valaas HL, Klokkerud M, Hildeskår J, et al. Rehabilitation goals 
described by patients with rheumatic and musculoskeletal diseases: 
content and attainment during the first year after rehabilitation.  
Disabil Rehabil. 2022;44(25):7947-7957.

12. Spruit MA, Singh SJ, Garvey C, et al. An official American  
Thoracic Society/European Respiratory Society statement: key 
concepts and advances in pulmonary rehabilitation. Am J Respir 
Crit Care Med. 2013 Oct 15;188(8):e13-64. doi: 10.1164/rccm 
.201309-1634ST.

13. Cavalheri V, Vainshelbaim B, Evans RA, da Fontourna FF, Lee A. 
Special considerations in conditions other than COPD. In: Pulmo-
nary Rehabilitation. European Respiratory Society; 2021:145-64.

14. Wen Z, Chai Y. Effectiveness of resistance exercises in the treat-
ment of rheumatoid arthritis: a meta-analysis. Medicine (Baltimore). 
2021;100(13).

15. Rochester CL, Alison JA, Carlin B, et al. Pulmonary Rehabilitation 
for Adults with Chronic Respiratory Disease: An Official American 
Thoracic Society Clinical Practice Guideline. Am J Respir Crit Care 
Med. 2023;208(4):e7-e26. doi:10.1164/rccm.202306-1066ST

16. Bradley B, Branley HM, Egan JJ, et al. Interstitial lung disease guide-
line: the British Thoracic Society in collaboration with the Thoracic 
Society of Australia and New Zealand and the Irish Thoracic Society 
(vol 63, Suppl V, pg v1, 2008). Thorax. 2008;63(11):1029.

17. Gupta RS, Koteci A, Morgan A, George PM, Quint JK. Incidence 
and prevalence of interstitial lung diseases worldwide: a systematic 
literature review. BMJ Open Respir Res. 2023;10(1):e001291.

18. Singh SJ, Halpin DMG, Salvi S, Kirenga BJ, Mortimer K.  
Exercise and pulmonary rehabilitation for people with chronic lung 
disease in LMICs: challenges and opportunities. Lancet Respir Med. 
2019;7(12):1002-1004.

19. Johnson N, Phillips M. Rayyan for systematic reviews. J Electron  
Resour Librariansh. 2018;30(1):46-48.

20. Raghu G, Remy-Jardin M, Richeldi L, et al. Idiopathic Pulmonary 
Fibrosis (an Update) and Progressive Pulmonary Fibrosis in Adults: 
An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline. 

pulmonary function may be attributed to the referral 
to a tertiary center, where the therapy was modified, 
and PR was introduced. Ideally, all other treatments 
for CTD-ILD should have been in place for at least 
3 months and remained unchanged during PR ses-
sions. However, this might not have happened for 
all included studies in the current systematic review. 
To date, there hasn’t been how exercise response 
differs in all CTD-ILD phenotypes. Also, not only 
the exercise part but also the education, self-man-
agement, and behavioral adaptation parts of the PR 
program should be recommended by professionals 
to conduct further studies. Diagnostic markers, ra-
diographic imaging methods, and cardiopulmonary 
exercise test should be used in RCTs for outcome 
measurement to demonstrate the effect of PR with 
higher evidence.

Conclusion

We anticipate that the current review can serve 
as the foundation for future research in being usual 
care of PR in addition to conventional treatment. 
QoL, mental health, management of dyspnea, and 
patient adherence are trivets of dealing with CTD-
ILDs. Appropriate understanding of the reason can 
help patients for functional restoration, and im-
provement of QoL. Acceptance and adherence to PR 
of CTD-ILD patients should be encouraged with 
further investigations. With the provided findings, 
evidence-based information for PR in CTD-ILD 
patients that can guide monitoring interventions ac-
cording to disease phenotypes was extracted.
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