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ABSTRACT

Introduction and Aim: Systemic sclerosis (SSc) is a chronic, progressive disease that leads to multi-organ failure. In its
pathogenesis, inflammation plays a significant role, particularly due to the reduced frequency of regulatory T cells that
modulate this process. The aim of this paper was to analyze the available scientific evidence to determine how physical
activity influences the reduction of inflammation and its relevance in the therapy of systemic sclerosis.

Results: Systemic sclerosis is associated with a chronic inflammatory state, as indicated by elevated inflammatory markers
such as C-reactive protein and ferritin, which correlate with disease severity and symptom progression. Physical activity
demonstrates potential in modulating inflammation by lowering inflammatory markers and improving overall bodily
function. Regular, supervised exercise in patients with SSc yields measurable benefits, enhancing exercise capacity, muscle
strength, quality of life and respiratory function.

Materials and Methods: During the writing of this paper, data analysis was conducted based on a review of available
articles published in the PubMed database. The following combination of keywords was used: ,,sport in systemic sclerosis",
»physical exercise in systemic sclerosis", "sport in systemic sclerosis”, ,,inflammation in systemic sclerosis” ,,inflammation
and exercise”. The following filters were applied: Free full text, Clinical Trial, Randomized Clinical Trial and within the last
10 years.

Conclusion: Chronic inflammation in systemic sclerosis accelerates the development of complications, while regular,
moderate physical activity under supervision can improve physical capacity, microcirculation, and reduce inflammatory
symptoms. However, further research is necessary to confirm the beneficial effects of exercise as a therapeutic intervention
in systemic sclerosis.
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Systemic Sclerosis, Inflammation, Sport, Physical Exercise, Exercise
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Introduction.

Systemic sclerosis (SSc) is a chronic autoimmune disease. It is associated with impaired immune system
response, excessive collagen production, endothelial dysfunction, and progressive fibrosis, which lead to
multi-organ failure. In patients with SSc, regulatory T cells (Tregs), responsible for controlling inflammation
and tissue repair, are present at reduced frequency and exhibit impaired function. The pathogenesis of SSc is
not yet fully understood, and available therapies do not achieve the desired outcomes. [1,2] Several clinical
forms are distinguished: limited cutaneous systemic sclerosis (IcSSc), diffuse cutaneous systemic sclerosis
(deSSc), systemic sclerosis without skin involvement, and systemic sclerosis in overlap syndromes. The most
common clinical manifestations include Raynaud’s phenomenon, skin thickening, telangiectasia, pulmonary
arterial hypertension, and interstitial lung disease. [3] The prevalence of systemic sclerosis is estimated at
approximately 0.02%, with a higher incidence in women. In recent years, an improvement in survival has been
observed, with a 10-year survival rate of around 66%. [4]

Historically, physical activity accompanied humanity during daily tasks essential for survival, such as
obtaining food or water. The survival of the human species depended on the body’s adaptation to walking,
running, and swimming long distances, which required good physical fitness and respiratory capacity. [5]
Currently, regular physical activity is not apparently necessary for survival; however, it offers numerous health
benefits, such as lowering blood pressure, preventing atherosclerosis, and reducing insulin resistance, which
directly translate into improved quality and length of life. Recommendations regarding physical activity should
be communicated to every patient at each visit, based on the principle that it is better to prevent diseases than
to treat them. [6]
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In this paper, we will analyze and present research findings on the impact of physical activity on
reducing inflammation and, consequently, improving the quality of life of patients suffering from systemic
sclerosis. We will summarize the etiology, pathophysiology, and treatment methods of systemic sclerosis, as
well as the role of exercise in its therapy.

Results

1. Inflammation in the course of systemic sclerosis.

Among patients with systemic sclerosis (SSc), elevated levels of inflammatory markers such as C-
reactive protein (CRP) and ferritin are observed. Additionally, increased ferritin levels induce the formation
of autoantibodies in SSc. The pathogenesis of SSc involves oncostatin M (OSM), overexpression of the C-C
chemokine ligand (CCL24), neutrophil activation, and the formation of neutrophil extracellular traps (NETSs).
The immune response in SSc is associated with type 2 helper T cells and interleukins IL-4 and IL-13. [7]

Feldmann et al. investigated whether inflammatory arthritis in SSc is associated with increased CRP levels.
Approximately 25% of patients with systemic sclerosis exhibit elevated CRP levels. The study participants were
divided into two groups: CRP-positive and CRP-negative. They were then assessed using the modified Rodnan skin
score (mRSS) and the number of painful/swollen joints. Additionally, examinations of the hands and feet were
performed, along with laboratory tests determining CRP levels and antibody status. The results showed that patients
with a disease duration of less than 3 years had higher CRP levels and more frequently presented anti-Scl70
antibodies, joint effusion, and synovitis in the wrist and metacarpophalangeal joints. Furthermore, arthritis was more
common in the CRP-positive group than in the CRP-negative group. [8]

Stock et al. examined the association between elevated CRP levels and 5-year mortality in patients with
interstitial lung disease, including those with systemic sclerosis. They conducted a retrospective study
collecting demographic data, CRP levels, and lung function measurements from patients at the Royal
Brompton Hospital between 2010 and 2019. Their analysis determined that higher CRP levels were associated
with shorter 5-year survival across all studied groups of patients with SSc. [9]

Allanore et al. investigated the effects of treating skin lesions in systemic sclerosis with romilkimab, an
antibody neutralizing IL-4 and IL-13, which inhibits fibrotic processes. The study participants were patients
with diffuse cutaneous systemic sclerosis (dcSSc) who received subcutaneous romilkimab at a dose of 200 mg
or placebo once weekly for 24 weeks. Outcomes were assessed based on changes in the mRSS. This study
demonstrated significant effects of romilkimab on skin lesions in early dcSSc, suggesting the involvement of
IL-4 and IL-13 in the inflammatory pathogenesis of systemic sclerosis. [7]

Mor et al. described the association between overexpression of the C-C chemokine ligand (CCL24) and
inflammatory and fibrotic diseases, including in patients with SSc. To investigate this, they employed therapy
with the humanized antibody CM-101, with safety, tolerability, and pharmacokinetic parameters of CM-101
in serum as the primary endpoints. Following administration, levels of biomarkers of inflammation, fibrosis,
and collagen turnover in serum decreased in the treated group. [10]

Kule et al. investigated the role of N-formylmethionine (fMet) in the pathogenesis of SSc associated with
neutrophil-mediated inflammation. They found elevated levels of neutrophil activation markers (calprotectin, NETs)
in patients with SSc compared to the control group, which correlated with the clinical characteristics of the disease.
Additionally, patients with SSc exhibited increased fMet levels compared to healthy controls. The collected data
clearly indicated that neutrophils undergo activation and cell death in SSc. [11]

Jiang et al. analyzed the clinical significance of serum ferritin as an inflammatory marker in patients
with systemic sclerosis. Among the studied SSc patients, serum ferritin levels were significantly higher than
in healthy individuals. Additionally, elevated ferritin levels correlated with increased CRP, inflammation, more
frequent occurrence of the diffuse cutaneous form of SSc, joint pain, and cardiac involvement. [12]

The pathogenesis of systemic sclerosis is multifactorial. After analyzing numerous studies, it can be
concluded that one of the most important pathogenic factors is inflammation, which occurs as a result of
abnormalities in various pathophysiological mechanisms. Certainly, further research and technological
development are necessary to better understand these relationships and their molecular basis.
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2. The role of physical exercise in modulating inflammation.

As we know, chronic inflammation accelerates the aging process, which in turn leads to the earlier onset
of age-related diseases such as cancer, cardiovascular diseases, diabetes, and Alzheimer’s disease. Since
physical activity is a recognized factor in reducing the risk of the aforementioned diseases, there is a growing
body of research investigating the impact of physical exercise on reducing inflammation. [13]

Uzeloto et al. investigated the effect of physical exercise on cytokine expression in CD4+ lymphocytes in
patients with chronic obstructive pulmonary disease. Twenty-three participants were enrolled in a randomized
controlled trial. They were divided into two groups: one underwent strength aerobic training, while eight participants
performed breathing exercises. After 8 weeks, peripheral blood was collected from the participants, and flow
cytometry was used to analyze inflammatory cytokines, including interleukins 2, 6, 8, 10, 13, 17, and tumor necrosis
factor TNF-a from CD4+ lymphocytes. Both the strength training and breathing exercise groups showed a decrease
in IL-8 concentration and an increase in IL-13 and TNF-a concentrations. [14]

Sandsdal et al. conducted a randomized, placebo-controlled trial investigating the effects of combining
physical exercise with GLP-1 receptor agonist treatment on reducing the severity of metabolic syndrome,
abdominal obesity, and inflammation. They assigned 166 obese participants to four random groups: one group
performed moderate physical activity, consisting of 150 minutes per week or 75 minutes per week of vigorous
aerobic activity or a combination of both; the second group received liraglutide at a dose of 3 mg daily; the
third group engaged in moderate physical activity and received 3 mg of liraglutide daily; and the fourth group
served as the placebo control. They then measured weight loss and levels of the inflammatory marker high-
sensitivity C-reactive protein (hsCRP). After one year, hsCRP levels did not change in the exercise-only and
placebo groups. [15]

In their study, Tadayon et al. examined the effect of physical exercise on inflammatory marker levels in
female patients with multiple sclerosis. The training lasted eight weeks and included endurance and balance
exercises. Blood samples were collected from participants before and after the eight-week training period to
measure levels of inflammatory markers: interleukin 6 (IL-6) and C-reactive protein (CRP), as well as the anti-
inflammatory cytokine interleukin 10 (IL-10). The results showed a significant decrease in IL-6 and CRP
concentrations, while IL-10 levels increased following physical exercise. These findings suggest that physical
activity reduces inflammatory markers, thereby contributing to the reduction of inflammation in the body. [16]

Hiensch et al. hypothesized that physical exercise reduces inflammation. They formed a group of 240
women registered for chemotherapy treatment for breast cancer. The participants were randomly divided into
three groups: one performed high-intensity interval and resistance training, the second engaged in moderate-
intensity aerobic and interval training, and the third did not perform any physical exercise. Blood samples were
collected at baseline and after sixteen weeks of training to assess levels of inflammatory markers, including
IL-6 and TNF-a. Following chemotherapy, inflammatory marker levels were significantly elevated; however,
a smaller increase was observed in the high-intensity exercise group compared to the non-exercising group.
No significant differences were found between the aerobic training group and the non-exercising group. This
study suggests that intense physical exercise counteracts the increase in inflammation. [17]

After analyzing the above studies, it can be concluded that physical activity offers significant health
benefits. However, there is a need for more clinical trials to definitively demonstrate the impact of exercise on
modulating inflammatory markers and, consequently, on inhibiting the inflammatory process in the body.

3. The role of physical exercise in the therapy of systemic sclerosis.

Yakut et al. compared the effects of physical exercises performed at home and under the supervision of
a physiotherapist in patients with systemic sclerosis. The exercises included respiratory and resistance training.
Participants were assessed before the study and after twelve weeks based on functional capacity, lung function,
respiratory muscle strength, dyspnea severity, and health-related quality of life (HRQoL) questionnaires. Both
the supervised group and the home exercise group showed improvements in functional capacity, muscle
strength, and reduced fatigue. However, respiratory function significantly improved only in the supervised
group. This study demonstrates that physical exercise can be beneficial in the treatment of systemic sclerosis,
particularly when performed under professional supervision. [18]

Waszczykowski et al. investigated how comprehensive upper limb rehabilitation under the supervision
of a qualified professional, compared to home exercises, affects long-term limb mobility, hand function
including grip strength and range of motion in patients suffering from SSc. Patients were assessed using the
following scales and questionnaires: Disability of the Arm, Shoulder and Hand Questionnaire (DAHS), Visual
Analog Scale of pain (VAS), Cochin Hand Function Scale (CHFS), Health Assessment Questionnaire
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Disability Index (HAQ-DI), Scleroderma-HAQ (SHAQ), Delta Finger to Palm - Kapandji finger opposition
test (d-FTP). The supervised exercise group showed improvement in upper limb function compared to the
control group performing exercises independently. Moreover, these effects persisted for up to six months,
suggesting that regular rehabilitation sessions every 3 to 6 months are recommended to achieve optimal
outcomes. [19]

Mitropoulos et al. compared the effects of high-intensity interval training (HIIT) on microcirculation in
patients with limited cutaneous systemic sclerosis. Participants were divided into three groups that performed
the following exercises for twelve weeks: cycling, arm cranking, and a control group. Physical and functional
fitness, transcutaneous oxygen tension (ATcpO2), body composition, and patient-assessed quality of life were
evaluated before and after the study. Additionally, endothelium-dependent and -independent vasodilation in
the index and middle fingers was measured using Laser Doppler Flowmetry (LDF) with acetylcholine and
sodium nitroprusside. ATcpO2 increased significantly in the arm cranking group (p < 0.05). Endothelium-
dependent vasodilation was greater in the arm cranking group. Performing aerobic exercises combined with
resistance training was effective in improving endothelium-dependent reactivity. Both intervention groups
showed improvements in quality of life. These results suggest that interval exercises such as arm cranking may
enhance endothelial function and thus provide significant health benefits for patients with limited cutaneous
systemic sclerosis. [20,21,22]

Filippetti et al. conducted a randomized controlled trial in patients with systemic sclerosis to compare a
home-based exercise program under partial supervision with standard care. Patients performed stationary
cycling, upper limb stretching, and muscle strengthening exercises for six months. Assessments were made
before the study, after three months, and after six months using the 6-minute walk test, hand mobility in
scleroderma test, muscle strength measurements of hand grip, biceps, and triceps, and the HAQ-DI
questionnaire assessing disability. After six months, the exercise group increased their average distance in the
6-minute walk test by 46 meters, while the control group decreased by an average of 5 meters. The exercise
group also showed increased muscle strength and improved HAQ-DI scores. This study demonstrates that even
minimal physical activity can improve endurance and reduce disability in patients with systemic sclerosis. [23]

Cetin et al. examined the impact of Tai Chi training on trunk endurance, balance, fatigue, sleep quality,
anxiety, and depression in patients with systemic sclerosis. They divided 28 patients into two groups: the
intervention group performed Tai Chi exercises, while the control group did home exercises. Assessments
were conducted before and after 10 weeks using the Trunk Lateral Endurance Test, Berg Balance Scale,
Pittsburgh Sleep Quality Index, Fatigue Severity Scale and Fatigue Impact Scale, and Hospital Anxiety and
Depression Scale. The Tai Chi group showed statistically significant improvements in trunk endurance,
balance, sleep quality, and reductions in anxiety and depression. These results suggest that Tai Chi positively
affects both somatic and psychological symptoms in systemic sclerosis patients and should be considered as
part of rehabilitation programs for this population. [24]

After analyzing the above studies, it can be concluded that physical activity may lead to significant
health benefits in patients with systemic sclerosis.

Conclusions

Systemic sclerosis is a disease that causes numerous adverse effects, including limited limb mobility,
reduced physical capacity, decreased quality of life, and premature death. Patients with systemic sclerosis
exhibit elevated inflammatory markers such as TNF-q, interleukins, and ferritin, with higher ferritin levels
correlating with joint pain and cardiac involvement. Chronic inflammation accelerates aging, leading to earlier
onset of conditions like hypertension, cancer, diabetes, and neurodegenerative diseases. Treating inflammation
in systemic sclerosis reduces fibrosis and serum collagen turnover. Given reports on the beneficial effects of
physical exercise in lowering the risk of these diseases, we examined the relationship between exercise and
inflammation reduction. Scientific data indicate that moderate, regular training is safe and beneficial,
improving microcirculation and overall fitness, which may indirectly reduce inflammation. Additionally,
regular physical activity is associated with decreased anxiety and depression, which is especially important for
patients with progressive diseases and uncertain prognosis, such as systemic sclerosis. In light of the above
results, it appears that regular physical activity, especially when performed under supervision, should be
recommended to every patient with systemic sclerosis and individually tailored to the needs and clinical
condition of the patient. Such actions can bring significant health benefits, even though they are not associated
with any pharmacotherapy. However, larger-scale studies are needed to directly assess the impact of physical
exercise on inflammation reduction and inflammatory marker levels in systemic sclerosis patients.
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