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Abstract
Interstitial lung diseases are a large group of lung conditions characterized by inflammation and fibrosis. 

Interstitial lung disease in connective tissue diseases and rheumatoid arthritis is a severe complication of 
these pathologies. Apart from the pharmacological treatment, exercise training could help reduce breathing 
difficulties and increase physical strength, lower the burden of disease, help improving self-esteem and fight 
against depression and anxiety. Exercise training can be done either alone, or enhanced by auxiliary methods 
like oxygen administration, neuromuscular electrical stimulation or improving the strength of respiratory 
muscles. Possible associated lung diseases should be always taken into account. Even if exercise training is 
generally considered safe for this category of patients, there are also risks like exercise-induced hypoxemia, 
arrhythmia or pulmonary hypertension. Exercise training in this setting should be performed by dedicated 
physiotherapists after specialist prescription and under surveillance in a safe environment. 
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INTRODUCTION

Interstitial lung diseases (ILD) are a large group of 
chronic lung conditions patophysiologically defined by 
chronic lung inflammation associated with scarring of 
the tissue. Consequently, these diseases are character-

ized by a restrictive ventilatory pattern (1). Causes of 
ILD are diverse and include occupational exposure (e.g. 
asbestos), systemic diseases such as sarcoidosis, con-
nective tissue diseases (CTDs) or rheumatoid arthritis 
(RA) or it can be idiopathic, such as idiopathic pulmo-
nary fibrosis (IPF). The main types of pulmonary in-
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volvement in RA and CTDs are shown in Table 1, and 
their pathophysiological mechanisms are given in Fig-
ure 1. In genetically susceptible individuals, external 
factors such as infections, gastroesophageal reflux dis-
ease (GERD), smoking, environmental toxins, certain 
medication, can lead to epithelial cell injury and aber-
rant repair, alveolar macro phage activation, neutrophil 
recruitment, and oxidative stress. In this context of ex-
posures, the host’s immune tolerance is affected, lead-
ing to chronic inflammation (cellular and humoral au-
toimmunity). As the disease progresses, all these 
cellular processes eventually are ending in alveolar de-
struction, endothelial cell dysfunction, collagen deposi-
tion; over time, increased extracellular matrix turnover 
will result in the development of fibrosis.

Regardless of the underlying disease, ILDs are clini-
cally characterized by dyspnea, shortness of breath, 
cough and exercise intolerance (2). 

Even though ILD is a common complication of CTD 
and RA, there is little evidence of the role played by 
pulmonary rehabilitation in the recovery and the long-
term outcome of RA-ILD or CTD-ILD respectively. Classi-
cally, it is believed that the same principles are applied 

as in IPF and chronic obstructive pulmonary disease 
(COPD) which are more largely studied (3). One sys-
tematic review on systemic sclerosis- associated ILD 
(SSc-ILD) has shown that although exercise training is 
considered generally safe, there are no definite conclu-
sion on its efficacy (4). The aim of this review is to de-
fine the principles of rehabilitation in CTD-ILD and RA-
ILD and to identify other needs that have not been 
previously addressed.

AIMS OF REHABILITATION
ILD is one of the leading causes of death in patients 

with CTD and RA, with variable severity, ranging from 
mild to severe in different patients (7). The main objec-
tives of pulmonary rehabilitation is to “reduce breath-
ing difficulties” and to “increase physical strength”. In 
order to maintain these, pulmonary rehabilitation in-
cludes: aerobic exercise, maintaining the flexibility of 
the rib cage and the breathing muscles, lower body 
muscle training, learning breathing methods. On the 
other hand, it has been proven that anxiety and de-
pression are a major component of the burden of dis-

FIGURE 1. Representation of the main 
mechanisms and pathogenesis factors in 
the development of interstitial lung disease 
(ILD), adapted after (5)

ECM – Extracellular matrix;  
GERD – gastroesophageal reflux disease; 
ILD – interstitial lung disease;  
MMP12 – matrix metalloproteinases 12; 
MUC5B – recombinant mucin 5 subtype B; 
MMP – matrix metalloproteinase 12;  
PARN – polyadenilation-specific 
ribonuclease deadenylation nuclease;  
ROS – reactive oxygen species;  
RTEL1: telomere-elongation helicase-1; 
TERC – telomerase reverse transcriptase; 
TERT – telomerase reverse transcriptase
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ease of these patients. Anxiety is present up to one 
third of the patients affected by ILD (8), and depression 
in up to a quarter of the patients, especially the ones 
with higher grade of dyspnea and more comorbidities 
(9). Therefore, improving the pulmonary status has a 
beneficial effect on the patients’ well-being.

The patients suffering from ILD have a high exercise 
intolerance and a marked symptom burden. Apart from 
lung fibrosis, the skeletal muscle involvement and oth-
er types of respiratory complications (Table 1) also con-
tribute to the burden of the disease and the effects on 
the quality of life. Therefore, by targeting these areas 
of interest, it is possible to preserve or regain exercise 
fitness and therefore to lower the incidence of depres-
sion, anxiety and fatigue (10).

EXERCISE TRAINING
Randomised controlled trials (RCT) have shown that 

full body exercise training is the main component of 
the pulmonary rehabilitation of patients with ILD. Pul-
monary rehabilitation is achieved by conducting toler-
ance exercises that include walking, treadmill, elliptical 
training and cycling. On average, the training program 
lasts around 10 weeks and it includes at least 30 min of 
training in each session, with progression of the inten-
sity on the course of the program. Both continuous, 
and interval training are effective (11).

Interval training consists of small period bursts of 
exercise followed by rest periods. It has been shown 

that interval training is as effective as continuous exer-
cise as long as the total active period is the same (11). 
Some studies have shown that interval training is asso-
ciated with lower exercise-induced dyspnea (12,13) 
while others did not find a significant difference (14). 
One Cochrane review that included 9 RCTs whose main 
topic was ILD-related pulmonary rehabilitation showed 
that physical exercise in addition to pharmacological 
methods improved the distance at the 6 -minute walk-
ing test (6MWT) by 44 meters. Another study showed 
that the mean improvement of the 6MWT of patients 
with IPF undergoing physical exercise was 36 m, which 
was significant because it exceeded the lowest impor-
tant difference for this outcome (15, 16).

In patients who cannot tolerate full body exercise, 
partitioning of the active muscle mass could reduce the 
incidence of exercise-induced dyspnea and desatura-
tion. In patients with COPD, cycling with only one leg at 
the same intensity as cycling with both legs is associat-
ed with an increased exercise peak power and higher 
VO2 (17-19).

Lower 6MWT prior to the start of rehabilitation cor-
related to higher distance improvement in the end 
(20). Bigger improvements have been demonstrated in 
patients with higher forced vital capacity (FVC) at base-
line, fewer episodes of desaturation and a smaller de-
gree of disability at the beginning (21,22).

AIDING OF THE EXERCISE
While for the most patients, physical training is a 

good option for improving pulmonary fitness, in pa-
tients with extensive pulmonary disease it is not possi-
ble. Therefore, there are a number of ways for aiding 
these patients.

In patients who suffer from exercise-induced dysp-
nea, severe and distressing symptoms like shortness of 
breath and cough could compromise the outcome of 
physical rehabilitation (3). Patients with extensive ILD 
or with a lower exercise tolerance may experience de-
saturation, especially during physical exercise, which 
results in suboptimal exercise training intensity. Oxy-
gen administration during exercise could improve 
symptoms and training session outcome. Current 
guidelines state that supplemental oxygen should be 
administered to those patients who are bound to use 
ambulatory supplement oxygen (23). Taking into ac-
count that most patients with extensive ILD fulfill the 
criteria, many patients are eligible.

Neuromuscular electrical stimulation (NMES) uses 
intermittent electrical stimulation of one muscle group, 
most commonly quadriceps femoris, in order to achieve 
muscular training with little to no exercise- induced 
dyspnea (24). Supplementing exercise training with 
NEMS results in improved peripheral muscle tonus and 

TABLE 1. Types of lung involvement in rheumatoid arthritis and 
connective tissue diseases, adapted after (6)

No. Disease Type of involvement
1. RA ILD (mosty UIP) pulmonary nodules

Bronchitis/bronchiolitis
Pleuritis

2. SLE ILD (mostly NSIP), OP, UIP, DAD
Alveolar haemorrhage
Pulmonary thromboembolism
PAH
Shrinking lung syndrome

3. SSc ILD (mostly NSIP)
PAH
Aspiration pneumonia

4. DM/PM ILD (mostly NSIP), OP, UIP, DAD
Respiratory muscle weakness

5. MCTD ILD (mostly NSIP)
Respiratory muscle weakness
PAH
Aspiration pneumonia

6. Sjogren’s 
syndrome

ILD (mostly UIP), lymphoid pneumonia
Bronchitis/bronchiolitis

SSc – systemic sclerosis; MCTD – mixed connective tissue disease; RA – 
rheumatoid arthritis; DM/PM – dermatomyositis/ polymyositis; ILD – in-
terstitial lung disease; NSIP – non-specific interstitial pneumonia; UIP – 
usual interstitial pneumonia; OP – organizing pneumonia; DAD – diffuse 
alveolar damage; PAH – pulmonary arterial hypertension; PTE – pulmo-
nary thromboembolism; ILD – interstitial lung disease
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lower respiratory burden (25). Therefore, NEMS is ap-
propriate for very debilitated patients with little to no 
exercise ability.

One case study showed that improving the strength 
of respiratory muscles could help with the overall fit-
ness (2). In order to achieve this, they used the Breath-
MaxÒ device and by performing upper limb elastic 
band exercises. The exercises were performed sitting 
on a chair or in bed by performing 4 sessions/day (2 
sessions in the morning and 2 sessions in the after-
noon) of 10 repetitions.

Although it has not been studied in ILD, in COPD wa-
ter-based exercise is a good alternative to land-based 
training in patients with severe symptoms, comorbidi-
ties and especially in patients with musculoskeletal in-
volvement (26).

PATIENT SELECTION
When it comes to patient selection for the pulmo-

nary rehabilitation, there is little to no consensus. It 
was previously thought that rehabilitation may not be 
useful in patients with rapid evolving-ILD, considered 
to be associated with low quality of life and short life 
expectancy. However, more recent studies have shown 
that ILD has a variable clinical course with both periods 
of progression and some of stability (27). Therefore it 
was concluded that any patient diagnosed with ILD 
should start physical therapy as soon as possible.

SAFETY AND LIMITATIONS 
Even though it is generally safe, there are no guide-

lines and no scientific papers to support the safety and 
the clear indications of performing pulmonary rehabil-
itation in CTD-ILD and RA-ILD. There is a major need for 
more RCT to evaluate the opportunity of exercise train-
ing in these patients. However, the lack of specialized 
physiotherapists, the lack of information on the reha-
bilitation of CTD and RA patients, as well as the scarcity 
of appropriate medical settings to do these kind of ex-
ercises, made difficult to complete such research. 
Therefore, physicians and physiotherapists are guiding 
their management on studies performed on COPD pa-
tients. 

Exercise-induced hypoxemia is common in ILD, es-
pecially in patients with moderate to severe pulmonary 
fibrosis. In this regard, is commonly accepted that 
these patients should be consistently monitored during 
exercise by pulse-oximetry (28). Some patients pre-
sented cardiac arrythmias, especially atrial or ventricu-
lar premature contractions which appeared both dur-
ing the 6MWT and at rest (29). Most of the time, these 

were not associated with desaturation and were 
asymptomatic (29).

In CTD-ILD and especially in patients with systemic 
sclerosis, pulmonary hypertension is a common com-
plication of the disease. However, pulmonary hyper-
tension can also be secondary to physical exercise. In a 
study performed in 2008 on 8 patients the mean systol-
ic pulmonary pressure on echocardiography rose from 
28 mmHg at rest to 73 mmHg during exercise (30).

All in all, even though there are little to no RCT to 
support the recommendation for physical rehabilita-
tion, extrapolating its effect on COPD and IPF patients, 
we can generally consider that rehabilitation-associat-
ed risks are reduced, as long as it is performed by expe-
rienced physical therapists, in a safe environment such 
as a hospital facility. There are also risks like exercise-in-
duced hypoxemia, arrhythmia or pulmonary hyperten-
sion. At the start of a physical training a thorough as-
sessment of the disease complications (mainly 
cardiopulmonary, including 6MWT, pulmonary ventila-
tory tests- forced expiratory volume, diffusion of car-
bon monoxide, echocardiography with ejection frac-
tion, pulmonary arterial pressure, and N-terminal 
pro-brain natriuretic peptide (NT-proBNP) and comor-
bidities (co-existence of osteo-articular, muscular, gas-
trointestinal complications and others). The exercise 
should be tailored and progress should be monitored 
and recorded using as much as possible validated 
scales. Physical training should not be undertaken dur-
ing disease flares and in the presence of debilitating 
fatigue. 

CONCLUSIONS
Even though there are no specific guidelines regard-

ing the pulmonary rehabilitation in the treatment of 
patients with CTD-ILD and RA-ILD, there is no evidence 
to suggest that physical exercise has severe adverse ef-
fects on these patients, either. Moreover, physical exer-
cise has been shown to improve symptomatology, low-
er the burden of disease, help improving self-esteem 
and fight against depression and anxiety. These find-
ings suggest that the earlier a patient starts physical 
rehabilitation, the more results are seen in the long 
run. 

Possible associated lung diseases should be always 
taken into account, and exercise training in this setting 
should be performed by dedicated physiotherapists af-
ter specialist prescription and under surveillance in a 
safe environment. Apart from improving aspects of the 
disease, physical rehabilitation helps patients integrate 
in a surrounding specially created for their needs, al-
lowing them to take part in support groups.
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