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Abstract

Introduction: Systemic sclerosis/scleroderma (SSc) is a chronic autoimmune disease with connec-
tive tissue, multi-organ, and multisystem involvement. The disease has three main characteristics, 
namely vasculopathy, fibrosis, and autoimmunity. The effect of high-intensity interval training (HIIT) 
in aerobic exercise on other rheumatic diseases has been studied, for example in patients with 
rheumatoid arthritis (RA) and juvenile idiopathic arthritis (JIA). The purpose of this work is to inves-
tigate the effectiveness of HIIT of aerobics exercise on improving the inspiratory muscle, quality of 
life and functional ability for systemic sclerosis subjects. 
Material and methods: The study was conducted on patients with confirmed systemic sclerosis 
who met the inclusion criteria. The research was carried out for 12 months in the outpatient clinic 
and gait laboratory of the Department of Physical Medicine and Rehabilitation. 
Results: After HIIT in aerobic exercise, we found significant changes in inspiratory muscle (SNIP 
values 45.67 [30.92] vs. 54.25 [22.71]), handgrip (13.14 [4.42] vs. 15.63 [4.08]), walking speed (184.70 
[26.86] vs. 246.6 [12.30]), metabolic equivalent (3.53 [0.30] vs. 4.21 [1.25]) and Scleroderma-Specific 
Health Assessment Questionnaire Disability Index for all visual analog scale (VAS) domains except 
Disability Index. Exercise approaches are characterized by repeated cycles of exercise interrupted 
by rest. For a range of clinical conditions, HIIT in aerobic exercise is known to remedy blood vessel 
function.
Conclusions: Our results suggest that HIIT in aerobic exercise has improved functional ability, respi-
ratory muscle strength, and quality of life in SSc subjects. Training twice a week in a 12-week HIIT 
program is considered to be safe for this population. We have to consider internal and external fac-
tors that influenced the result. A larger sample and further exploration of the feasibility of combined 
exercise in SSc patients should be the focus for future research.
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Introduction

Systemic sclerosis (SSc) is an connective tissue dis-
ease with three main characteristics, namely vasculopa-
thy, fibrosis, and autoimmunity. Considering the pattern 
of skin involvement, clinical manifestations and labora-
tory results, SSc is divided into two main classifications, 
namely diffuse cutaneous SSc (dcSSc) and limited cuta-
neous sclerosis (lcSSc). 

The type most often encountered is diffuse cuta-
neous SSc, which is associated with hardening of the 
skin in the proximal part of the body (trunk, arms, and/
or upper limbs), interstitial lung disease (ILD), which is 
a thickening of the interstitium due to inflammation or 
autoimmunity, and cardiac fibrosis. Patients with lcSSc 
are identified with hardening of the skin on the distal 
extremities and head. The prognosis of lcSSc is said to 
be better than that of dcSSc [1, 2].
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Every year the incidence of SSc is 4–43 individuals/
million population, with prevalence of 70–340 cases/
million population. Women have more systemic sclero-
sis with a ratio of 6 : 1 [3]. According to data obtained at 
our hospital in 2017, connective tissue disease was the 
most common disease in 2014 and 2015 in the Rheuma-
tology Department. 

Systemic sclerosis is the third most common disease 
in the Rheumatology Clinic of our hospital, with the 
number of cases increasing from 189 patients/year in 
2014 to 196 patients/year in 2015 [4].

Although the cutaneous implication is the most 
proven, the disease can affect multiple organs and sys-
tems, which can worsen the prognosis, such as the lung, 
the heart, the kidneys, the musculoskeletal system and 
the gastrointestinal tract [5].

In systemic sclerosis/scleroderma, joint deformities 
cause the limitation of movement and consequent re-
stricted mobility, which can reduce functional capacity 
and quality of life can be affected directly for these pa-
tients [6].

Subjects with SSc generally experience a  decrease 
in physical fitness where SSc has a decreased average 
training capacity compared to healthy individuals and 
the general population. The aerobic functional capacity 
of SSc patients can decrease even without the involve-
ment of the pulmonary and cardiac processes. 

This decrease can occur due to inactivity, the in-
fluence of drugs that cause muscle weakness, and im-
paired oxygen diffusion due to undetected early phase 
pulmonary fibrosis. The underlying pathogenesis is de-
creased aerobic capacity, which causes fatigue and is 
closely related to decreased quality of life [7].

Research showed that SSc patients have good exer-
cise tolerance and moderate-intensity aerobic exercise 
can increase aerobic capacity and muscle strength, and 
improve hand mobility, function in daily activities, and 
quality of life (HRQoL), even in SSc patients with lung 
involvement [8]. 

Mitropoulos et al. [9] tested the effect of high-inten-
sity interval training (HIIT) in aerobic exercise in patients 
with SSc. The results of this study concluded that HIIT 
involving the upper limbs might improve microvascular 
reactivation by improving endothelial function, there-
by reducing the risk of finger ischemia. Less ischemia 
will reduce pain and improve the quality of life. HIIT is 
a non-invasive program and can be an adjunct to phar-
macological management to reduce Raynaud’s pheno
menon in SSc [9].

To the best of our knowledge, the subject of HIIT 
in aerobic exercise and its effect on respiratory muscle 
strength is not thoroughly investigated. The study aims 
to elucidate the effect of high-intensity interval aero-

bic exercise on respiratory muscle strength, functional  
ability, and quality of life.

Material and methods 
This study used a  quasi-experimental, pre-post 

design. The subjects were patients with SSc who had 
routine treatment at the rheumatology clinic at our hos-
pital, who met the inclusion criteria. The research was 
conducted in the gym of the outpatient clinic and gait 
laboratory of the Department of Physical Medicine and 
Rehabilitation between April 2019 and April 2020. Respi-
ratory muscle strength (RMS) was taken from the result 
using a  micro respiratory pressure meter (RPM). Func-
tional ability can be represented by handgrip strength, 
walking speed, and metabolic equivalent (METs). Quality 
of life was measured by the SHAQ-DI questionnaire [10].

Inclusion criteria were male or female patients 18–59 
years old, diagnosed with SSc based on the American 
College of Rheumatology and European League Against 
Rheumatism (ACR/EULAR) criteria [11], who had had the 
disease for 1 to 10 years. All participants were able to 
carry out the exercise. 

Patients who were excluded were those with ILD, 
those diagnosed with another inflammatory condition 
and/or presenting myositis with proximal muscle weak-
ness, and pulmonary arterial hypertension. Moreover, 
patients with a Mini-Mental State Examination (MMSE) 
score < 24, New York Heart Association class 3 or 4, 
pregnant women, and smokers or people who stopped 
smoking within 4 weeks of screening also could not par-
ticipate. 

Respiratory muscle strength was represented by in-
spiratory muscle strength and measured from sniff nasal 
inspiratory pressure (SNIP). The SNIP was used to more 
easily assess inspiratory muscle function as a non-inva-
sive test. The SNIP measurement entails brief maximal 
sniff efforts by the patient during simultaneous intra-
nasal pressure recordings within a nostril that is sealed 
by a snugly fitting plug containing the pressure-sensing 
probe. 

To insert the nasal probe and to ensure the appro
priate size of the nasal probe to prevent air leakage 
during sniffing, verified clinically, the nostril which 
looked most patent was selected. The patient was asked 
to perform, without a prior training period, short sharp 
inhalations with a maximum intensity of functional re-
sidual capacity (FRC) in a sitting position with the mouth 
closed and the contralateral nostril closed. Normal 
breathing was allowed between experiments [12, 13]. 

Hand grip strength was evaluated with a hand dy-
namometer (hydraulic dynamometer, model SH5001, 
Saehan Corporation, Korea) and following the Ameri-
can Society of Hand Therapists recommendations [14]. 
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Subjects were seated with the arms parallel to the body, 
flexed at the elbow to 90°, and the forearm in a neutral 
position. Wrist flexion or extension was not allowed. 
Each participant’s grip strength was measured for each 
hand 3 times in each of 5 different handle positions.  
The position at which they achieved maximal grip 
strength is the best position for each participant.

Walking speed was assessed through the six-minute 
walking test (6MWT) [15]. Although the 6MWT lacks 
organ specificity in SSc, it can be suggested as a regu-
lar assessment in this clinical condition and provides 
a valuable outcome parameter. Patients were requested 
to walk as far back and forth as possible for 6 min over 
10 m. They were also instructed if out of breath or ex-
hausted to slow down, stop and/or rest as necessary, 
but to resume walking as soon as they felt capable.  
The total walking distance and the laps were recorded 

on a  worksheet, and also we measured for metabolic 
equivalents (METs). 

The Scleroderma-Specific Health Assessment Ques-
tionnaire Disability Index (SHAQ_DI) is used to assess 
the quality of life. The SHAQ-DI combines the disability 
and pain scales of the Health Assessment Questionnaire 
(HAQ) with five scleroderma-specific VASs for digital  
ulcers, Raynaud’s phenomenon, pulmonary symptoms, 
digestive symptoms, and overall disease severity, with 
each VAS score scaled from 0 to 3. SSc can be measured 
with SHAQ for the most extensively used and best-chara
cterized outcome measure. A combined SHAQ score was 
calculated by pooling the eight HAQ-DI domains and the 
five VASs [10, 16].

Exercise procedure

Patients took twice-weekly supervised exercise ses-
sions at the Department of Physical Medicine and Re-
habilitation, Hasan Sadikin General Hospital for twelve 
weeks. Each session started with a 5 min warm-up with 
an arm crank or cycle ergometer depending on the group 
(involving gentle range of motion exercises and light 
aerobic exercise). This was followed by HIIT for 30 sec-
onds at 100% of peak power output (PPO) interspersed 
by 30-second passive recovery for a total of 30 min [9].

Qualifying patients were recruited from the Rheu-
matology Clinic at our hospital. Prior to the study, ethi
cal clearance was obtained from the Profession and 
Research Ethics Committee of the Medical Committee 
Faculty of Medicine, Padjadjaran University (ethical 
clearance number: LB.02.01/X.6.5/142/2019). As required, 
procedures and ethical aspects of current research have 
been conducted in full accordance with the World Medi
cal Association Declaration of Helsinki, and all partici-
pants gave their written consent for their participation 
in the current study.

Results

We recruited 11 patients in accordance with the 
American College of Rheumatology and European 
League Against Rheumatism criteria. All participants 
were women and were given an introduction program 
for 3 days before the study was conducted (Table I).

In Table II above, there are no significant differences 
between before and after exercise. The exercise is safe 
for SSc patients in our study.

Respiratory muscle strength represented by inspi-
ratory muscle was measured by the SNIP examination 
(Table III). The value of SNIP was calculated from the  
average of the 5 sniff trials from the patent nostril with 
the contralateral nostril closed. The results show a sig-

Table I. Subjects’ characteristics

Parameter Mean (SD)

Age [years] 40.91 (13.38)

Weight [kg] 47.65 (9.73)

Height [cm] 146.9 (30.57)

Education, n (%)

Elementary 0 (0)

Junior High School 3 (27.20)

Senior High School 2 (18.10)

Vocational High School 2 (18.10)

Bachelor 4 (36.30)

Table II. Data and vital sign

Variable Before exercise
Mean (SD)

After exercise
Mean (SD)

p-value

Systolic blood 
pressure [mm Hg]

105.30 (11.04) 102.50 (7.90) 0.8125

Diastolic blood 
pressure [mm Hg]

68.09 (7.00) 67.00 (9.49) 0.5625

Pulse (BPM) 83.91 (12.67) 90.10 (11.08) 0.1275

Table III. Data of respiratory muscle strength by sniff 
nasal inspiratory pressure

Variable Before exercise
(SD)

After exercise
(SD)

p-value

SNIP [cm H2O]

Mean 45.67 (30.92) 54.25 (22.71) 0.0041*

Median 33.20 55.45

Range 
(min–max)

10.70–115.10 26.20–82.80 

The significance value is based on the p-value < 0.05. * sign indica-
tes the p-value < 0.05. 
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nificant difference between the before and after exer-
cise in the SSc patients.

In Table IV, it can be seen that there is a significant 
difference in the handgrip strength walking speed and 
METs variables between before and after exercise in the 
SSc patients. A  walking speed test was carried out by 
the 6MWT.

The statistical test results showed that there is a sig-
nificant difference between before and after interven-
tion for the VAS scale in digestive VAS, pulmonary VAS, 
Raynaud’s VAS, digital ulcers VAS, and overall disease 
VAS, but not for Disability Index variables (Table V).

Discussion
The HIIT in aerobic exercise affects biological re-

sponses such as the control and protection systems 
of the body. In addition, HIIT can also affect metabolic 
processes by increasing anabolic processes and help-
ing in the metabolism of high-speed energy-supplying 
substrates in balance with energy expenditure and re-
plenishment. This can help individuals in conditions of 
working ability, especially in more precise execution and 
speed of activities or work [17].

Respiratory muscle strength is a  significant contri
butor to functional ability. An estimated 40% of patients 
with SSc have a  forced vital capacity (FVC) less than 
75%, showing the possibility of having a restrictive type 
of pulmonary disease. The decline in FVC occurs most 
rapidly in the first three to five years after the onset of 
the disease is diagnosed. Respiratory muscle function 
has contributed to the onset of dyspnea, limitation of 
exercise, deconditioning, and reduced quality of life [18].

Studies examining HIIT in aerobic exercise in the 
respiratory muscles also report significant increases in 
respiratory rate, as well as muscle strength and resis-
tance, dyspnea, exercise capacity, and HRQoL. Moreover, 
training tests on ILD and pulmonary hypertension also 
showed an increase in exercise capacity, and decreased 
symptoms and quality of life after the addition of a re-
spiratory muscle rehabilitation exercise program. In our 
study, significant results were obtained in the inspirato-
ry strength of the muscles on examination with the SNIP 
method [12, 13, 19]. 

Systemic sclerosis severely affects physical, psycho-
logical, and social functions with quality of life. It was 
reported from a previous study, by de Oliveira et al. [20], 
that the greatest decrease in SF-36 in SSc patients ap-
peared on the subscales for physical function and gene
ral health, while the psychological side was relatively 
high. Researchers suspect in this study that this unex-
pectedly high outcome in mental summary scores is due 
to poor psychological adaptation to chronic illness, thus 

masking the underlying condition and affecting other 
functions.

Up to 50% of patients with SSc complain of dysp
nea. Potential causes of dyspnea in this population are 
gastroesophageal reflux and recurrent aspiration, ILD, 
airway disease, pulmonary hypertension, and other 
conditions such as anemia, obesity, arthritis, and/or de-
condition due to inactivity. Dyspnea and ILD were also 
reported as significant contributors affecting function 
and quality of life. 

An earlier study by Khanna et al. [21] demonstrated 
a  significant correlation between dyspnea and quality 
of life as assessed by the HAQ-DI and SF-36 question-
naires in SSC patients with ILD compared with healthy 
populations. Previous studies also reported that pulmo-
nary involvement and dyspnea in scleroderma disease 
correlated with quality of life and functional status. It is 
reported that HAQ-DI and/or SF-36 should be included 
among the measurement results in scleroderma disease 
intervention [18]. 

Table IV. Functional ability before and after exercise

Variable Before exercise
Mean (SD)

After exercise
Mean (SD)

p-value

Hand grip 
strength 
[lbs.]

13.14 (4.42) 15.63 (4.08) 0.0031*

Walking 
speed 
[m/s]

184.70 (26.86) 246.60 (12.30) 0.0039*

METs 3.53 (0.30) 4.21 (1.25) 0.0039*

MET – metabolic equivalent. The significance value is based on  
the p-value < 0.05. * sign indicates the p-value < 0.05.

Table V. Comparison of Scleroderma-Specific Health As-
sessment Questionnaire Disability Index domain ques-
tionnaire

Variable Before exercise
Mean (SD)

After exercise
Mean (SD)

p-value

Disability 
Index Scale

0.64 (0.70) 0.36 (0.41) 0.0571

Pain VAS 1.40 (0.84) 0.98 (0.73) 0.0011*

Digestive VAS 1.08 (0.73) 0.79 (0.68) 0.0041*

Pulmonary VAS 1.08 (0.70) 0,56 (0.47) 0.0001**

Raynaud VAS 1.57 (0.86) 1.09 (0.81) 0.0001**

Digital ulcers 
VAS

1.70 (0.01) 1.05 (0.11) 0.0051*

Overall disease 
severity VAS

1.57 (0.06) 1.25 (0.52) 0.0021*

VAS – visual analogue scale. The significance value is based on  
the p-value < 0.05. * sign indicates the p-value < 0.05. ** sign 
indicates the p-value < 001.
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However, in contrast to the study of Khanna et al. 
[22], a study by Chow et al. [22] demonstrated no signifi
cant correlation between functional status and pulmo-
nary involvement parameters.

The Scleroderma-Specific Health Assessment Ques-
tionnaire Disability Index consists of HAQ-DI and is 
added with a 5-part VAS which consists of pulmonary 
disorders, digestive disorders, digital ulcers, Raynaud’s 
phenomenon, and overall disease severity. Steen et al. 
[23] used the HAQ DI on scleroderma patients and they 
found that the HAQ DI was unable to assess the multi-
system effects of scleroderma, so they created the SHAQ 
with an added 5-part scleroderma-specific VAS.

Our study revealed significant changes in SSc pa-
tients after high-intensity aerobic exercise in all the 
SHAQ-DI VAS variables, except Disability Index. There 
is decreased blood flow in SSc patients due to muscle 
contraction of blood vessels so that the tissue in the 
fingers is ischemic and looks pale, red, or bluish, which 
is called Raynaud’s phenomenon. Ischemia that occurs 
due to decreased blood flow also causes the appear-
ance of lesions on the fingers of SSc patients (digital 
ulcers). 

The HIIT in aerobic exercise can improve vascular 
function and blood microcirculation [24] and also help 
the recurrence rate or severity of Raynaud’s phenome
non and digital ulcers experienced by SSc patients is 
significantly reduced as the results in this study were 
assessed using the SHAQ-DI VAS. 

Physical activity increases digestive blood flow and 
increases intestinal contractions and increases the pro-
duction of digestive enzymes. By decreasing the number 
of Raynaud’s attacks, digital ulcers, digestive and pul-
monary VAS, it will affect the overall condition of the 
patient’s activity.

Murphy et al. [25] reported that the severity of gas-
trointestinal and joint involvement, level of pain, dysp
nea, ineffective coping skills, low vital lung capacity, de-
pressive symptoms, poorer physical and social function, 
and quality of sleep are correlated with fatigue levels, 
which are higher in the SSc population compared to the 
normal population. However, in our study, there were 
significant changes in the walking speed and MET after 
12 weeks of exercise. This may be due to the many other 
factors, especially social and psychological/mental fac-
tors, that influence the value of these statistics.

Systemic sclerosis/scleroderma will usually reduce 
handgrip strength due to the thickening of the skin tis-
sue and over time will form a  claw deformity that re-
duces flexion of the metacarpophalangeal joints and 
reduces the proximal extension of the interphalangeal 
joints. Poole et al. [26] reported that handgrip strength 
is related to the ability to grasp commonly used objects 

such as glasses, pot handles, keys, and coins. Our study 
showed that HIIT in aerobic exercise performed for  
12 weeks in SSc patients showed significant results for 
increasing handgrip strength. 

Our study also showed that there was a significant 
increase in walking speed assessed by a  6MWT with 
a p-value < 0.05 after exercising. In a study conducted 
by Paquette et al. [27], 6MWT was a  powerful assess-
ment tool for assessing prognosis and functional ca-
pacity in SSc patients. With an increase in the value of 
6MWT, the functional capacity and overall prognosis in 
SSc patients after aerobic exercise for 12 weeks showed 
good results [20].

Conclusions

In our study on the intervention program of HIIT in 
aerobic exercise twice a week for 12 weeks it was con-
sidered to be safe for this population and proved to 
increase functional ability, respiratory muscle strength 
(SNIP), handgrip strength, walking speed (6MWT) in-
creased MET values, and improved quality of life. 

Since our study has a small sample size, we have to 
consider internal and external factors that influenced 
the results. Further study with a larger sample size and 
more exploration of the feasibility of combined exercise 
in SSc patients is recommended.
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