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Chronic inflammation is a common feature shared by several autoimmune rheumatic diseases, such as rheu-
matoid arthritis, systemic lupus erythematosus, idiopathic inflammatory myopathies, systemic sclerosis, and
ankylosing spondylitis. Therefore, blocking or reducing inflammation is one of the major treatment strategies
in these diseases. In this context, exercise training has emerged as a potential therapeutic tool in coun-
teracting systemic inflammation, thereby leading to better clinical outcomes. The aims of this review are
i) to provide a summary of the clinical effects of exercise training in selected autoimmune rheumatic dis-
eases; and ii) to discuss the potential anti-inflammatory role of exercise training in autoimmune rheumatic
diseases, stressing the gaps in literature and the clinical and scientific perspectives in the field.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
idiopathic inflammatory myopathies (IIM), systemic sclerosis (SSc),
and ankylosing spondylitis (AS) are autoimmune rheumatic diseases
that share common clinical features, including periodic pain, chronic
fatigue, depression, reduced physical fitness, and, as a consequence,
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hypoactivity and poor health-related quality of life [1–5]. Important-
ly, the main clinical signs and symptoms of these diseases have been
strongly related to a sustained inflammatory condition [5–10].

Glucocorticoids and immunosuppressive drugs are the corner-
stone of the treatment for autoimmune rheumatic diseases. Yet,
these medications may not be fully effective in hampering the pro-
gression of disabilities [4]. Moreover, the long-term use of these
drugs has been associated with several deleterious effects, including
bone and muscle mass wasting and cardiovascular dysfunction [11].

In this context, exercise training has as a non-pharmacological
strategy aimed at improving a variety of clinical symptoms in patients
with autoimmune rheumatic diseases [1–5,12–14]. This notion is in
line with a growing body of literature revealing that regular exercise
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training may lead to anti-inflammatory effects in chronic diseases
characterized by a low-grade systemic inflammation, such as type 2
diabetes mellitus and congestive heart failure [15,16].

Given the potential role of inflammation in the etiology as well as
in the clinical symptoms of autoimmune rheumatic diseases, one may
postulate that exercise training, if able to alleviate the inflammatory
process, could also be helpful in treating the symptoms, as well as
in modifying the disease's natural course of autoimmune rheumatic
diseases, as illustrated in Fig. 1.

The aim of this review is two-fold: first, to provide a summary of
the clinical effects of exercise training in selected autoimmune
rheumatic diseases; second, to critically discuss the potential anti-
inflammatory role of exercise training in autoimmune rheumatic dis-
eases, stressing the gaps in literature as well as the clinical and scien-
tific perspectives in the field.

2. Exercise training as an adjuvant treatment in autoimmune
rheumatic diseases

2.1. Idiopathic inflammatory myopathies

Despite the empirical belief that exercise could flare up disease ac-
tivity and impair inflammation in IIM, recent studies have shown oth-
erwise [1,5,17]. In fact, there is evidence that exercise training can
improve aerobic capacity [18,19], muscle strength [17]), fatigue [20],
and health-related quality of life [21] in IIM patients.
Fig. 1. Physiopathologic cascade leading to poor clinical outcomes triggered by exacerbated
exercise in “stalling” this cascade by preventing inflammation is illustrated in blue.
Spector et al. [22] submitted inclusion body myositis (IBM) patients
(n=5) to a three-times-a-week progressive strength training pro-
gram for 12 weeks. As a result, both isometric and dynamic strength
increased, whereas fatigue symptoms and inflammation markers
(i.e., interleukin-2 and natural killer cells) remained unchanged. In
contrast, Arnardottir et al. [23] evaluated seven IBM patients who
underwent a 12-week home-based exercise training program,
which comprised 15 min of body weight exercises and 15 min of
self-selected speed walking. Neither muscle damage and inflamma-
tion nor isometric peak force was affected. The lack of “positive” out-
comes may be a consequence of the low training regimen applied in
this study.

Recently, our group introduced a novel exercise prescription to IIM
patients [1,17].We tested the effects of low-intensity strength training
[50% of one-repetition maximum (1RM)] associated with vascular
occlusion in a patientwith IBMwhowas unresponsive to conventional
therapy, including “traditional” physical exercises. Following the in-
tervention, we observed augmented thigh cross-sectional area, in-
creased muscle strength and function, and improved health-related
quality of life. Importantly, there was no evidence of disease flare,
muscle damage or exacerbated inflammation. This training mode is
currently being applied to a larger cohort of IBM patients to confirm
our preliminary findings.

Weisinger et al. [18] evaluated dermatomyositis (DM) and poly-
myositis (PM) patients (n=14) before and after six weeks of moder-
ate aerobic training [i.e., 60% of maximal heart rate (HRmax)]. Aerobic
inflammation in autoimmune rheumatic diseases (red arrows). The potential role of
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exercise improved both maximal oxygen uptake (VO2max) and iso-
metric peak torque. In a subsequent randomized controlled trial
with DM and PM patients (n=14), Weisinger et al. [19] demonstrat-
ed that an exercise program was capable of improving isometric peak
force, exercise tolerance, VO2max, and anaerobic threshold intensity.
In the aforementioned studies, aerobic exercise training did not affect
muscle enzymes, suggesting that this training mode is safe for IIM
patients.

Varjú et al. [20] assessed the efficacy of strength exercises (65–70%
of 1RM) combined with stretching and respiratory exercises in DM
and PM patients (n=21). After the training, patients presented
increases in their strength and forced vital capacity, and reductions
in fatigue. Harris-Love [24] also found increased peak isokinetic and
isometric strength without muscle damage or inflammation in a
64-year-old PM patient who underwent 12 weeks of sub-maximal ec-
centric strength training. Supporting these findings, Alexanderson et
al. [25] demonstrated significant improvements in muscle strength
and functionwithout adverse events in DMand PMpatients (n=9) fol-
lowing a nine-week intensive strength training program (10–15 RM).
Taken together, these studies suggest that even higher-intensity exer-
cise programs can be efficient, tolerable and safe in IIM patients.

Home-based exercises seem to be another interesting strategy
aimed at improving muscle strength and health-related quality of
life in IIM [21,26]. In this regard, Alexanderson et al. [26] prescribed
a 12-week, five-times-a-week, moderate-intensity strength training
program along with 15-min self-selected speed walking to chronic
PM and DM patients (n=10). The exercise training program was
able to improve selected subscales of SF-36 (i.e., physical functioning,
bodily pain and vitality), without affecting muscle enzymes. Similar
results were found by Alexanderson et al. [21] who examined pa-
tients with recent onset active DM or PM (n=11). The exercise train-
ing program, which was similar to that described by Alexanderson
et al. [26], led to improvements in physical functioning, bodily pain
and vitality SF-36 subscales as well as in the functional index.

Recently, our group demonstrated that a 12-week exercise training
program comprising aerobic (70% of VO2max) and strength exercises
(8–12 RM) was also able to improve muscle strength and function,
aerobic fitness, bone mineral density, and health-related quality of
life, without exacerbating disease activity or inflammation in ten chil-
drenwith juvenile dermatomyositis (JDM) [27]. These data extend the
applicability of exercise training in IIM to juvenile patients.

Collectively, the literature points out the therapeutic role of exercise
training in IIM. It is important to emphasize that none of the existing
studies have noticed any sort of adverse events as a consequence of
exercise training, irrespective of the training's characteristics (e.g., ei-
ther low- or high-intensity, strength or aerobic exercise, home-based
or supervised exercise) or the patients' characteristics (e.g., child or
adult, IBM, DMor PM, chronic or active disease). The number of patients
in these studies are however small and long-term follow-up is lacking,
reinforcing the need for continuous surveillance.

2.2. Ankylosing spondylitis

Exercise training has been shown to reduce disease severity scores
and to increase joint mobility parameters in AS patients [2,28–30]. Al-
though the mechanisms underlying these improvements remain to
be elucidated, exercise has been associated with increased serum
levels of the anti-inflammatory cytokine tumor growth factor-beta1
(TGF-β1) in AS patients [31], which could be implicated in the bene-
ficial outcomes experienced by AS patients after an exercise training
program.

Karapolat et al. [30] performed a randomized controlled trial in
which AS patients (n=45) underwent an exercise program com-
prised by either: i) stretching exercises plus swimming, ii) stretching
exercises plus walking, or iii) stretching exercises alone. The two
former groups presented improvements in VO2max and anaerobic
threshold, but only the group which performed stretching exer-
cises along with swimming experienced increased chest expansion
circumference.

In a subsequent randomized controlled trial, Altan et al. [29]
demonstrated that a 12-week Pilates exercise training (i.e., a modality
of training which includes isometric strength exercises along with
stretching exercises) performed three times a week, was able to im-
prove clinical parameters in AS patients (n=55). Specifically, patients
presented better scores in Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI), Bath Ankylosing Spondylitis Functional Index
(BASFI), and Bath Ankylosing Spondylitis Metrology Index (BASMI)
as well as greater chest expansion. However, health related-quality
of life remained unchanged.

Following a 12-week home-based exercise program, AS patients
(n=34) had significant improvements in disease indexes (i.e., BASFI
and BASDAI), mobility (i.e., chest expansion and morning stiffness)
and health-related quality of life [2]. However, when a six-week aero-
bic supervised program (n=23) was compared to a home-based ex-
ercise program (n=22), only the supervised training program led to
improvements in BASFI, VO2max, chest expansion, and morning stiff-
ness. Pain was not affected by either intervention [2].

Despite the limited number of trials, one may postulate that exer-
cise training is safe and emerges as a potential therapeutic adjuvant in
AS disease.
2.3. Systemic lupus erythematosus

The current literature seems to converge in indicating that exercise
training is a safe and effective strategy to improve a number of clinical
outcomes in SLE patients, such as fatigue, depression, aerobic capacity,
autonomic control, and health-related quality of life [32–38].

Robb-Nicholson et al. [32] conducted, for the first time, an 8-week
home-based exercise program in SLE patients (n=23). Aerobic exer-
cise intensity was aimed to achieve 60 to 80% of HRmax. As a result of
the training program, there was no significant increase in VO2max
and depression symptoms, whereas fatigue and exercise tolerance
significantly improved. Ramsey-Goldman et al. [33] also submitted
SLE patients (n=10) to an aerobic exercise program composed of
two stages. In the first one, the patients who undertook a supervised
training at 70 to 80% of HRmax, three times a week experienced im-
provements in fatigue, aerobic capacity, and health-related quality
of life. Following the second stage of the study, which encompassed
a home-based exercise program, the patients had similar benefits to
those seen as a consequence of the supervised training.

Clarke-Jenseen et al. [35] evaluated the effects of a moderate-
intensity (i.e., 70% of HRmax), 12-week, three-times-a-week, super-
vised aerobic training in SLE patients (n=6). The patients presented
improvements in VO2max and better scores in the physical function-
ing SF-36 subscale, whereas pain scores remained unchanged. Cor-
roborating these findings, Carvalho et al. [36] evaluated 60 SLE
patients who undertook a 12-week aerobic exercise training and ob-
served significant improvements in VO2max, exercise tolerance, and
better scores in functional functioning, physical fitness, general health
status, vitality, social aspects, and mental health SF-36 subscales. Fa-
tigue and pain, as assessed by the SF-36 questionnaire, remained
unchanged. In contrast to the aforementioned studies, Tench et al.
[34] failed to find any improvement in aerobic capacity and health-
related quality of life after a 12-week aerobic training program at
60% of VO2max. The relatively low-intensity exercise applied in this
study may partially explain the lack of positive outcomes.

Yuen et al. [37] recently proposed the use of a video-game exercise
program (Wii Fit®) as an adjuvant therapeutic strategy in SLE. The pa-
tients (n=15) were encouraged to perform the video-game-oriented
exercise sessions at home in 20–30 min per day, at a self-perceived
exertion ranging between 11 and 13, as assessed by a 6 to 20 Borg
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scale. As a result, SLE patients presented significant reduction in fa-
tigue as well as improvement in anxious and depression symptoms.

We performed a randomized controlled trial to examine the effects
of a 12-week training program composed of 35–40 min of strength
exercises combined with 30 min of aerobic exercises on autonomic
function in SLE patients (n=28) [38]. After the training, important
improvements in autonomic control, as assessed by chronotropic re-
serve and HR recovery, were observed. Notably, a comparison to
healthy subjects led to the conclusion that exercise virtually reversed
autonomic dysfunction in the SLE patients, with autonomic control
parameters being comparable between patients and controls.

Our group also provided the first evidence that a 12-week super-
vised aerobic training program can be safe and effective in improving
aerobic conditioning and physical function in a 15-year-old boy with
juvenile SLE and antiphospholipid syndrome [39], reinforcing the
possible relevance of exercise training in pediatric population suffer-
ing from autoimmune rheumatic diseases. Preliminary data from our
laboratory with a larger cohort of juvenile SLE patients have con-
firmed the efficacy of exercise as an adjuvant treatment in this disease
(unpublished data).

Based on the available literature, exercise training has been
claimed to have a synergist beneficial effect in the management of
SLE. Nonetheless, more controlled clinical trials are necessary to con-
firm this statement.

2.4. Systemic sclerosis

To our knowledge, only two prospective studies have been con-
ducted to investigate the effects of exercise training on SSc patients
[40,41]. In both, therewas no evidence of adverse events, as evidenced
by the absence of digital ulcers and the Raynaud phenomenon,
pointing out the safety of exercise training in SSc [40,41].

In the first trial, we evaluated the efficacy and safety of an eight-
week, moderate-intensity (~70% of VO2max) aerobic training pro-
gram in SSc patients (n=7). Data revealed improvements in the
VO2max and the aerobic capacity [40]. No changes in disease activity
scores were noticed. Subsequently, we examined the effects of a
12-week exercise training program comprising both aerobic (70% of
VO2max) and resistance exercises (8-12 RM) in SSc patients (n=11)
[41]. After the training program, the patients experienced significant
improvement in maximal strength in both the lower and the upper
limbs. Sub-maximal parameters of aerobic conditioning were also ben-
eficially modified whereas no changes in muscle enzymes (e.g., CK and
aldolase) were verified.

These preliminary studies suggest that exercise training may be a
valuable auxiliary strategy in counteracting the poor muscle strength
and the aerobic conditioning experienced by SSc patients. The puta-
tive role of exercise in the treatment of SSc patients merits further
investigations.

2.5. Rheumatoid arthritis

RA is undoubtedly the most studied autoimmune rheumatic dis-
ease in the context of exercise training. In this regard, there is strong
evidence pointing to the benefits of moderate- and high-intensity ex-
ercise training on fatigue, muscle strength, aerobic capacity, pain, and
disabilities in RA patients [4,42].

Both supervised and home-based programs have been investi-
gated in RA [43–46]. Following a 12-week supervised moderate-
intensity aerobic exercise program (performed in a temperate pool),
Bilberg et al. [43] observed that RA patients (n=43) had improve-
ments in muscle endurance, isometric shoulder endurance, several
domains of the SF-36 (i.e., bodily pain, vitality, and physical function-
ing), Health Assessment Questionnaire (HAQ) scores, and disease ac-
tivity. In contrast, no changes in the aerobic capacity and the physical
subscale of the SF-36 were noticed. Neuberger et al. [44] demonstrated
reduced fatigue, pain and depression, and increased walking time in RA
patients (n=220) who underwent a 12-week, three-times-a-week,
moderate-intensity aerobic training program (60–80% of HRmax).
Baillet et al. [45] also presented improvements in aerobic conditioning
and HAQ scores after a short-term (i.e., four weeks), six-times-a-week,
exercise training program (60–80% of HRmax). Disease Activity Score
28 (DAS28) and Arthritis Impact Measurement Scale (AIMS2) scores
remained unchanged.

The efficacy of exercise training in RA holds true in non-supervised
programs. Van den Berg et al. [46] examined the effects of a training
program prescribed via the Internet. The training was composed of
strength (10 repetitions per exercise), aerobic (60–80% of HRmax),
and range-of-motion (ROM) exercises. Patients who performed
the internet-based training program had increased moderate- and
vigorous-activity levels, but the functional ability and the health-
related quality of life remained unaffected.

It was empirically believed that high-intensity exercise could exac-
erbate the joint disease in RA patients. Nevertheless, a large body of
knowledge has indicated otherwise [47–50]. Van den Ende et al. [48]
showed that 24 weeks of intensive isometric exercises (at 70% of max-
imal voluntary contraction), isokinetic exercises (at 70% of maximal
voluntary contraction) and aerobic exercises (at 60% of HRmax)was ca-
pable of reducing systemic inflammation and disease activity, and in-
creasing muscle strength in RA patients (n=62). Similar results were
found by Hakkinen et al. [49], who investigated the effects of two
years of strength exercises (at 50–70% of 1RM) in 70 RA patients. As a
consequence of the exercise program, there was a significant improve-
ment in disease activity, as assessed by DAS28, as well as in muscle
strength. Importantly, no signs of joint damage aggravation were no-
ticed. de Jong et al. [50] tested a vigorous 24-week exercise training pro-
gram composed of sports modalities and aerobic exercise (at 70–90% of
HRmax) in RA patients. The authors found that the training protocol af-
fected neither disease activity nor muscle inflammation. Furthermore,
aerobic capacity,muscle strength anddisabilities significantly improved
after training. However, the authors pointed out that those patients
with more severe joint damage at baseline tended to present greater
damage progression following the high-intensity training.

van den Ende et al. [47] compared low-intensity versus high-
intensity exercise training in RA patients (n=100) for 12 weeks.
The low-intensity exercise training did not impair disease activity
(as assessed by a visual analogue scale), and systemic inflammation
(as assessed by an erythrocyte sedimentation rate), but failed to
yield gains in physical function and functional capacities. Also, the
high-intensity exercise training did not affect disease activity and sys-
temic inflammation, while improvements in VO2max (+17%), mus-
cle strength (+16.8%), and ROM were observed.

Collectively, the vast literature relative to the role of exercise in
RA supports the contention that exercise training, along with drug
therapy, constitutes the major cornerstone for RA management. Im-
portantly, studies have also suggested that high-intensity dynamic
training may not only be tolerable, but may also be the most effective
training mode in improving physical function and quality of life in RA
patients.

3. The role of anti-inflammatory effects of exercise in rheumatic
autoimmune diseases

Skeletal muscle has been recently recognized as an “endocrine
organ” able to express and secrete a number of cytokines (also called
“myokines”), which may act in a hormone-like fashion, exerting en-
docrine and/or paracrine effects [15,51,52]. In response to muscle
contraction, the first cytokine secreted is interleukin-6 (IL-6), which
is subsequently followed by anti-inflammatory cytokines, such as in-
terleukin 1 receptor antagonist (IL-1ra), interleukin-10 (IL-10) and
tumor necrosis factor receptor (TNF-R) [15,51,52]. It is interesting
to note that intramuscular cytokine expression differs from that in
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macrophages, where IL-6 signaling is dependent upon the activation
of the NFκB signaling pathway, thus provoking a proinflammatory
response. Conversely, intramuscular IL-6 expression is thought to be
activated by a network of signaling cascades involving the Ca2+ nucle-
ar factor of activated T cells (NFAT) and glycogen/p38 MAPK pathways
regulated independent of a preceding TNF response or NFκB activation.
Therefore, IL-6 produced during physical exercise has been considered
an anti-inflammatory rather than a pro-inflammatory cytokine [51,52].

In order to explore the anti-inflammatory role of exercise, Starkie et
al. [53] experimentally infused Escherichia coli endotoxin to mimic a
low-grade systemic inflammation condition in eight healthy individ-
uals who were assessed either when resting or after performing an
acute session of cycling exercise at 70% of VO2max. The resting individ-
uals showed a two- to three-fold increase in the TNF-α plasma concen-
tration 1.5 hour after the infusion. In contrast, when subjects exercised,
the TNF-α increase was fully blunted. These findings are of great rele-
vance considering the suggestion that anti-inflammatory effects of reg-
ular exercise training may be a summation of stimuli produced after
each exercise bout [16]. Corroborating this notion, it was observed
that a 12-week aerobic training program at 70–80% of HRmax attenu-
ated TNF-α production in healthy individuals infused with lipopolysac-
charide, which triggers TNF-α-mediated inflammation [54].

In fact, a growing body of literature points out to the anti-
inflammatory effects of exercise in a variety of low-grade systemic
inflammatory diseases, such as congestive heart failure and type 2 di-
abetes mellitus [15,16,51,52,54–59]. For instance, congestive heart
failure patients who performed aerobic training at 80% of HRmax for
12 weeks had reduced levels of TNF-α [55]. Moreover, type 2 diabetes
patients who underwent a 6-month aerobic training at 50–70% of
VO2max experienced a reduction in TNF-α and C-reactive protein
levels [56]. Interestingly, strength training can also promote anti-
inflammatory effects [60]. For example, elderly women who partici-
pated in a 12-week strength-training program presented reduced
Fig. 2. Theoretical model where exercise could (1) reduce inflammation and, hence, physica
ally, exercise could (2) attenuate adverse effects provoked by the pharmacological treatme
C-reactive protein levels [61]. Additionally, an inverse association be-
tween muscular thickness and TNF-α level was observed, suggesting
that muscle mass gain was related to a reduction in inflammation. In-
terestingly, strength training appears to present an intra-articular
anti-inflammatory effect in knee osteoarthritis patients [62]. In this
study, the authors verified an increase in anti-inflammatory cytokine
IL-10 in synovial fluid sampled after a strength training session
performed at 60% of 1 RM. In light of these findings, one can postulate
that both regular aerobic and strength training may promote anti-
inflammatory effects in individuals with or without previous inflam-
mation, and that attenuation in inflammation may precede positive
functional and morphological adaptations.

It is well known that rheumatic autoimmune diseases feature ei-
ther systemic or local inflammation, which is evidenced by abnormal
concentrations of inflammatory cytokines [63–66]. Moreover, the
levels of the inflammatory cytokines have been associated with
disease activity [67–70], suggesting the clinical relevance of treating
the exacerbated inflammation in autoimmune rheumatic diseases.
However, despite the large body of literature highlighting the role of
exercise on inflammation in healthy subjects and patients, there is
limited evidence regarding the anti-inflammatory effects of exercise
on autoimmune rheumatic diseases. In this respect, an interesting
study by Nader et al. [13] showed that DM and PM patients who
performed a 7-week strength-training program experienced inhibi-
tion in inflammation signaling pathways (i.e., a reduction in PTGS1
and SMAD7 and an increase in FOXP3 mRNA). Moreover, the re-
searchers observed a reduction in the expression of genes related to
the pro-inflammatory network (i.e., TNF-α gene network), suggesting
that exercise may benefit IIM partially by attenuating inflammation. It
is worthy to note that TNF-α has been considered a main therapeutic
target in numerous autoimmune diseases, where the use of drugs
capable of reducing TNF-α production has been shown to be effective
in treating high-grade inflammation and, hence, clinical symptoms
l disabilities and poor clinical outcomes in autoimmune rheumatic diseases. Addition-
nt in the long-term.

image of Fig.�2
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[71,72]. Theoretically, exercise could act similar to such drugs by
inhibiting TNF-α production and increasing anti-inflammatory cyto-
kines, ultimately resulting in a reduced inflammatory profile. If this
hypothesis is confirmed, one may argue that regular exercise could
act as an important adjuvant tool in improving not only overall symp-
toms but also the disease course in autoimmune rheumatic diseases.

Notably, further work must be done to support this assumption.
First, the role of acute exercise on the pattern of cytokine production
must be addressed in autoimmune rheumatic diseases, comparing
the response to that seen in healthy subjects who benefit from
anti-inflammatory effects of exercise. Second, the chronic effects of
exercise on inflammatory markers must be examined in large and di-
versified cohorts of patients with autoimmune rheumatic diseases.
Third, the potential synergic effect of exercise along with the current
pharmacological therapies (including biologic agents) on inflamma-
tion and, consequently, on clinical outcomes is another topic to be ex-
plored. In this respect, one may assume that exercise could benefit
patients with an autoimmune rheumatic disease by: i) producing
anti-inflammatory effects, thereby leading to improvements in phys-
ical capacity, disabilities and clinical symptoms (e.g., pain, muscle
dysfunction, weakness, fatigue, atrophy, etc.); and ii) attenuating po-
tential adverse effects provoked by the drug treatment (e.g., low bone
mass, low muscle mass, metabolic disorders, immunosuppression,
etc.). The latter assumption is based on the well-known systemic ef-
fects of exercise, which have been comprehensively reviewed else-
where [73,74]. Fig. 2 illustrates this novel paradigm where exercise
emerges as a potential adjuvant treatment in autoimmune rheumatic
diseases.

Take-home messages

• Exercise training can counteract exacerbated inflammation in sev-
eral experimental and clinical conditions.

• Both aerobic and resistance training can improve physical capacity,
muscle function and several clinical symptoms in patients with au-
toimmune rheumatic diseases.

• We postulate that exercise can be of therapeutic relevance in the
management of autoimmune rheumatic disease partially by reduc-
ing the inflammation.

Acknowledgments

The followingauthors are supportedbyFundaçãodeAmparo aPesquisa
do Estado de São Paulo - FAPESP (2011/24093-2 for EB and 2011/08302-0
for FBB). LAP is supported by Coordenação de Aperfeiçoamento de Pessoal
de Ensino Superior (CAPES). EB is supported by the Federico Foundation.

References

[1] Gualano B, Neves Jr M, Lima FR, Pinto AL, Laurentino G, Borges C, et al. Resistance
training with vascular occlusion in inclusion body myositis: a case study. Med Sci
Sports Exerc 2010;42(2):250–4.

[2] Aytekin E, CaglarNS,Ozgonenel L, Tutun S,DemiryontarDY,Demir SE. Home-based ex-
ercise therapy in patientswith ankylosing spondylitis: effects on pain,mobility, disease
activity, quality of life, and respiratory functions. Clin Rheumatol 2012;31(1):91–7.

[3] Strömbeck B, Jacobsson LT. The role of exercise in the rehabilitation of patients
with systemic lupus erythematosus and patients with primary Sjögren's syn-
drome. Curr Opin Rheumatol 2007;19(2):197–203 [Review. Erratum in: Curr
Opin Rheumatol. 2007;19(4):403].

[4] Cooney JK, Law RJ, Matschke V, Lemmey AB, Moore JP, Ahmad Y, et al. Benefits of
exercise in rheumatoid arthritis. J Aging Res 2011;13(2011):681640.

[5] Alexanderson H, Lundberg IE. Exercise as a therapeutic modality in patients with
idiopathic inflammatory myopathies. Curr Opin Rheumatol 2012;24(2):201–7.

[6] FukudaW, Omoto A, Oku S, Tanaka T, Tsubouchi Y, Kohno M, et al. Contribution of
rheumatoid arthritis disease activity and disability to rheumatoid cachexia. Mod
Rheumatol 2010;20(5):439–43.

[7] Machado P, Landewé R, Braun J, Hermann KG, Baker D, van der Heijde D. Both
structural damage and inflammation of the spine contribute to impairment of spi-
nal mobility in patients with ankylosing spondylitis. Ann Rheum Dis 2010;69(8):
1465–70.
[8] Machado P, Landewé R, Braun J, Hermann KG, Baraliakos X, Baker D, et al. A strat-
ified model for health outcomes in ankylosing spondylitis. Ann Rheum Dis
2011;70(10):1758–64.

[9] Baraut J, Michel L, Verrecchia F, Farge D. Relationship between cytokine profiles
and clinical outcomes in patients with systemic sclerosis. Autoimmun Rev
2010;10(2):65–73.

[10] Plazak W, Pasowicz M, Kostkiewicz M, Podolec J, Tomkiewicz-Pajak L, Musial J,
et al. Influence of chronic inflammation and autoimmunity on coronary calcifica-
tions and myocardial perfusion defects in systemic lupus erythematosus patients.
Inflamm Res 2011;60(10):973–80.

[11] Poetker DM, Reh DD. A comprehensive review of the adverse effects of systemic
corticosteroids. Otolaryngol Clin North Am 2010;43(4):753–68.

[12] de Salles Painelli V, Gualano B, Artioli GG, de Sá Pinto AL, Bonfá E, Lancha Junior
AH, et al. The possible role of physical exercise on the treatment of idiopathic in-
flammatory myopathies. Autoimmun Rev 2009;8(5):355–9.

[13] Nader GA, Dastmalchi M, Alexanderson H, Grundtman C, Gernapudi R, Esbjörnsson
M, et al. A longitudinal, integrated, clinical, histological and mRNA profiling study
of resistance exercise in myositis. Mol Med 2010;16(11–12):455–64.

[14] Flachenecker P. Autoimmune diseases and rehabilitation. Autoimmun Rev
2012;11(3):219–25.

[15] Petersen AM, Pedersen BK. The anti-inflammatory effect of exercise. J Appl Physiol
2005;98(4):1154–62.

[16] Mathur N, Pedersen BK. Exercise as a mean to control low-grade systemic inflam-
mation. Mediators Inflamm 2008;2008:109502.

[17] Gualano B, Ugrinowitsch C, Neves Jr M, Lima FR, Pinto AL, Laurentino G, et al. Vas-
cular occlusion training for inclusion body myositis: a novel therapeutic ap-
proach. J Vis Exp 2010;5(40) [pii: 1894].

[18] Wiesinger GF, Quittan M, Graninger M, Seeber A, Ebenbichler G, Sturm B, et al.
Benefit of 6 months long-term physical training in polymyositis/dermatomyositis
patients. Br J Rheumatol 1998;37(12):1338–42.

[19] Wiesinger GF, Quittan M, Aringer M, Seeber A, Volc-Platzer B, Smolen J, et al. Im-
provement of physical fitness andmuscle strength in polymyositis/dermatomyositis
patients by a training programme. Br J Rheumatol 1998;37(2):196–200.

[20] Varjú C, Pethö E, Kutas R, Czirják L. The effect of physical exercise following acute
disease exacerbation in patients with dermato/polymyositis. Clin Rehabil
2003;17(1):83–7.

[21] Alexanderson H, Stenström CH, Jenner G, Lundberg I. The safety of a resistive
home exercise program in patients with recent onset active polymyositis or der-
matomyositis. Scand J Rheumatol 2000;29(5):295–301.

[22] Spector SA, Lemmer JT, Koffman BM, Fleisher TA, Feuerstein IM, Hurley BF, et al.
Safety and efficacy of strength training in patients with sporadic inclusion body
myositis. Muscle Nerve 1997;20(10):1242–8.

[23] Arnardottir S, Alexanderson H, Lundberg IE, Borg K. Sporadic inclusion body myo-
sitis: pilot study on the effects of a home exercise program on muscle function,
histopathology and inflammatory reaction. J Rehabil Med 2003;35(1):31–5.

[24] Harris-Love MO. Safety and efficacy of submaximal eccentric strength training for
a subject with polymyositis. Arthritis Rheum 2005;53(3):471–4 [15].

[25] Alexanderson H, Dastmalchi M, Esbjörnsson-Liljedahl M, Opava CH, Lundberg IE.
Benefits of intensive resistance training in patients with chronic polymyositis or
dermatomyositis. Arthritis Rheum 2007;57(5):768–77 [15].

[26] Alexanderson H, Stenström CH, Lundberg I. Safety of a home exercise programme
in patients with polymyositis and dermatomyositis: a pilot study. Rheumatology
(Oxford) 1999;38(7):608–11.

[27] Omori CH, Silva CA, Sallum AM, Pereira RM, Sá-Pinto AL, Roschel H, Gualano B. Ex-
ercise training in juvenile dermatomyositis. Arthritis Care Res (Hoboken); in
press.

[28] Analay Y, Ozcan E, Karan A, Diracoglu D, Aydin R. The effectiveness of intensive
group exercise on patients with ankylosing spondylitis. Clin Rehabil 2003;17(6):
631–6.

[29] Altan L, Korkmaz N, Dizdar M, Yurtkuran M. Effect of Pilates training on people
with ankylosing spondylitis. Rheumatol Int 2012;32(7):2093–9.

[30] Karapolat H, Eyigor S, Zoghi M, Akkoc Y, Kirazli Y, Keser G. Are swimming or aer-
obic exercise better than conventional exercise in ankylosing spondylitis pa-
tients? A randomized controlled study. Eur J Phys Rehabil Med 2009;45(4):
449–57.

[31] Shehata M, Schwarzmeier JD, Hilgarth M, Demirtas D, Richter D, Hubmann R, et al.
Effect of combined spa-exercise therapy on circulating TGF-beta1 levels in patients
with ankylosing spondylitis. Wien Klin Wochenschr 2006;118(9–10):266–72.

[32] Robb-Nicholson LC, Daltroy L, EatonH, Gall V,Wright E, Hartley LH, et al. Effects of aer-
obic conditioning in lupus fatigue: a pilot study. Br J Rheumatol 1989;28(6):500–5.

[33] Ramsey-Goldman R, Schilling EM, Dunlop D, Langman C, Greenland P, Thomas RJ,
et al. A pilot study on the effects of exercise in patients with systemic lupus
erythematosus. Arthritis Care Res 2000;13(5):262–9.

[34] Tench CM, McCarthy J, McCurdie I, White PD, D'Cruz DP. Fatigue in systemic lupus
erythematosus: a randomized controlled trial of exercise. Rheumatology (Oxford)
2003;42(9):1050–4.

[35] Clarke-Jenssen AC, Fredriksen PM, Lilleby V, Mengshoel AM. Effects of supervised
aerobic exercise in patients with systemic lupus erythematosus: a pilot study. Ar-
thritis Rheum 2005;53(2):308–12 [15].

[36] Carvalho MR, Sato EI, Tebexreni AS, Heidecher RT, Schenkman S, Neto TL. Effects
of supervised cardiovascular training program on exercise tolerance, aerobic ca-
pacity, and quality of life in patients with systemic lupus erythematosus. Arthritis
Rheum 2005;53(6):838–44 15.

[37] Yuen HK, Holthaus K, Kamen DL, Sword DO, Breland HL. Using Wii Fit to reduce
fatigue among African American women with systemic lupus erythematosus: a
pilot study. Lupus 2011;20(12):1293–9.



224 L.A. Perandini et al. / Autoimmunity Reviews 12 (2012) 218–224
[38] Miossi R, Benatti FB, de Sá Pinto AL, Lima FR, Borba EF, Lprado DM, Perandini LA,
Gualano B, Bonfá E, Roschel H. Exercise training counterbalances chronotropic in-
competence and delayed heart rate recovery in systemic lupus erythematosus: a
randomized trial. Arthritis Care Res (Hoboken); in press.

[39] Prado DM, Gualano B, Pinto AL, Sallum AM, Perondi MB, Roschel H, et al. Exercise
in a child with systemic lupus erythematosus and antiphospholipid syndrome.
Med Sci Sports Exerc 2011;43(12):2221–3.

[40] Oliveira NC, dos Santos Sabbag LM, de Sá Pinto AL, Borges CL, Lima FR. Aerobic ex-
ercise is safe and effective in systemic sclerosis. Int J Sports Med 2009;30(10):
728–32.

[41] Pinto AL, Oliveira NC, Gualano B, Christmann RB, Painelli VS, Artioli GG, et al. Effi-
cacy and safety of concurrent training in systemic sclerosis. J Strength Cond Res
2011;25(5):1423–8.

[42] Hurkmans E, van der Giesen FJ, Vliet Vlieland TP, Schoones J, den Ende EC Van. Dy-
namic exercise programs (aerobic capacity and/or muscle strength training) in
patients with rheumatoid arthritis. Cochrane Database Syst Rev 2009;7(4):
CD006853.

[43] Bilberg A, Ahlmén M, Mannerkorpi K. Moderately intensive exercise in a temper-
ate pool for patients with rheumatoid arthritis: a randomized controlled study.
Rheumatology (Oxford) 2005;44(4):502–8.

[44] Neuberger GB, Aaronson LS, Gajewski B, Embretson SE, Cagle PE, Loudon JK, et al.
Predictors of exercise and effects of exercise on symptoms, function, aerobic fit-
ness, and disease outcomes of rheumatoid arthritis. Arthritis Rheum 2007;57(6):
943–52 [15].

[45] Baillet A, Payraud E, Niderprim VA, Nissen MJ, Allenet B, François P, et al. A
dynamic exercise programme to improve patients' disability in rheumatoid
arthritis: a prospective randomized controlled trial. Rheumatology (Oxford)
2009;48(4):410–5.

[46] van den Berg MH, Ronday HK, Peeters AJ, le Cessie S, van der Giesen FJ, Breedveld
FC, et al. Using internet technology to deliver a home-based physical activity in-
tervention for patients with rheumatoid arthritis: a randomized controlled trial.
Arthritis Rheum 2006;55(6):935–45 [15].

[47] van den Ende CH, Hazes JM, le Cessie S, Mulder WJ, Belfor DG, Breedveld FC, et al.
Comparison of high and low intensity training in well controlled rheumatoid
arthritis. Results of a randomised clinical trial. Ann Rheum Dis 1996;55(11):
798–805.

[48] van den Ende CH, Breedveld FC, le Cessie S, Dijkmans BA, de Mug AW, Hazes JM.
Effect of intensive exercise on patients with active rheumatoid arthritis: a
randomised clinical trial. Ann Rheum Dis 2000;59(8):615–21.

[49] Häkkinen A, Sokka T, Kotaniemi A, Hannonen P. A randomized two-year study of
the effects of dynamic strength training onmuscle strength, disease activity, func-
tional capacity, and bone mineral density in early rheumatoid arthritis. Arthritis
Rheum 2001;44(3):515–22.

[50] de Jong Z, Munneke M, Zwinderman AH, Kroon HM, Jansen A, Ronday KH, et al. Is
a long-term high-intensity exercise program effective and safe in patients with
rheumatoid arthritis? Results of a randomized controlled trial. Arthritis Rheum
2003;48(9):2415–24.

[51] Pedersen BK, Febbraio MA. Muscle as an endocrine organ: focus on muscle-
derived interleukin-6. Physiol Rev 2008;88(4):1379–406.

[52] Pedersen BK, Febbraio MA. Muscles, exercise and obesity: skeletal muscle as a se-
cretory organ. Nat Rev Endocrinol; in press.

[53] Starkie R, Ostrowski SR, Jauffred S, Febbraio M, Pedersen BK. Exercise and IL-6 in-
fusion inhibit endotoxin-induced TNF-alpha production in humans. FASEB J
2003;17(8):884–6.

[54] Sloan RP, Shapiro PA, Demeersman RE, McKinley PS, Tracey KJ, Slavov I, et al. Aer-
obic exercise attenuates inducible TNF production in humans. J Appl Physiol
2007;103(3):1007–11.
[55] Adamopoulos S, Parissis J, Karatzas D, Kroupis C, Georgiadis M, Karavolias G, et al.
Physical training modulates proinflammatory cytokines and the soluble Fas/soluble
Fas ligand system in patients with chronic heart failure. J Am Coll Cardiol
2002;39(4):653–63 [20].

[56] Kadoglou NP, Iliadis F, Angelopoulou N, Perrea D, Ampatzidis G, Liapis CD, et al.
The anti-inflammatory effects of exercise training in patients with type 2 diabetes
mellitus. Eur J Cardiovasc Prev Rehabil 2007;14(6):837–43.

[57] Ploeger HE, Takken T, de Greef MH, Timmons BW. The effects of acute and chronic
exercise on inflammatory markers in children and adults with a chronic inflam-
matory disease: a systematic review. Exerc Immunol Rev 2009;15:6–41.

[58] Walsh NP, Gleeson M, Shephard RJ, Gleeson M, Woods JA, Bishop NC, et al. Posi-
tion statement. Part one: immune function and exercise. Exerc Immunol Rev
2011;17:6–63.

[59] Walsh NP, Gleeson M, Pyne DB, Nieman DC, Dhabhar FS, Shephard RJ, et al. Posi-
tion statement. Part two: maintaining immune health. Exerc Immunol Rev
2011;17:64–103.

[60] Calle MC, Fernandez ML. Effects of resistance training on the inflammatory re-
sponse. Nutr Res Pract 2010;4(4):259–69.

[61] Ogawa K, Sanada K, Machida S, Okutsu M, Suzuki K. Resistance exercise
training-induced muscle hypertrophy was associated with reduction of inflam-
matory markers in elderly women. Mediators Inflamm 2010;2010:171023.

[62] Helmark IC, Mikkelsen UR, Børglum J, Rothe A, Petersen MC, Andersen O, et al. Ex-
ercise increases interleukin-10 levels both intraarticularly and peri-synovially in
patients with knee osteoarthritis: a randomized controlled trial. Arthritis Res
Ther 2010;12(4):R126.

[63] Chiba K, Toyama Y, Yoshimura A. IL-1β and TNFα-initiated IL-6-STAT3 pathway is
critical in mediating inflammatory cytokines and RANKL expression in inflamma-
tory arthritis. Int Immunol 2011;23(11):701–12.

[64] De Paepe B, Creus KK, De Bleecker JL. The tumor necrosis factor superfamily of cy-
tokines in the inflammatory myopathies: potential targets for therapy. Clin Dev
Immunol 2012;2012:369432.

[65] Appel H, Loddenkemper C, Miossec P. Rheumatoid arthritis and ankylosing
spondylitis—pathology of acute inflammation. Clin Exp Rheumatol 2009;27(4 Suppl.
55):S15–9.

[66] Lee HM, Sugino H, Nishimoto N. Cytokine networks in systemic lupus
erythematosus. J Biomed Biotechnol 2010;2010:676284.

[67] Chun HY, Chung JW, Kim HA, Yun JM, Jeon JY, Ye YM, et al. Cytokine IL-6 and IL-10
as biomarkers in systemic lupus erythematosus. J Clin Immunol 2007;27(5):
461–6.

[68] Sivalingam SP, Thumboo J, Vasoo S, Thio ST, Tse C, Fong KY. In vivo pro- and
anti-inflammatory cytokines in normal and patients with rheumatoid arthritis.
Ann Acad Med Singapore 2007;36(2):96–9.

[69] Lundberg IE, Helmers SB. The type I interferon system in idiopathic inflammatory
myopathies. Autoimmunity 2010;43(3):239–43.

[70] Lundberg I, Ulfgren AK, Nyberg P, Andersson U, Klareskog L. Cytokine production
in muscle tissue of patients with idiopathic inflammatory myopathies. Arthritis
Rheum 1997;40(5):865–74.

[71] Caporali R, Pallavicini FB, Filippini M, Gorla R, Marchesoni A, Favalli EG, et al.
Treatment of rheumatoid arthritis with anti-TNF-alpha agents: a reappraisal.
Autoimmun Rev 2009;8(3):274–80.

[72] Zhu LJ, Yang X, Yu XQ. Anti-TNF-alpha therapies in systemic lupus erythematosus.
J Biomed Biotechnol 2010;2010:465898.

[73] Pedersen BK, Saltin B. Evidence for prescribing exercise as therapy in chronic dis-
ease. Scand J Med Sci Sports 2006(Suppl. 1):3–63 [c].

[74] Booth FW, Scott EG, Christian JC, Marc TH. Waging war on modern chronic dis-
eases: primary prevention through exercise biology. J Appl Physiol 2000;88:
774–87.


	Exercise as a therapeutic tool to counteract inflammation and clinical symptoms in autoimmune rheumatic diseases
	1. Introduction
	2. Exercise training as an adjuvant treatment in autoimmune rheumatic diseases
	2.1. Idiopathic inflammatory myopathies
	2.2. Ankylosing spondylitis
	2.3. Systemic lupus erythematosus
	2.4. Systemic sclerosis
	2.5. Rheumatoid arthritis

	3. The role of anti-inflammatory effects of exercise in rheumatic autoimmune diseases
	Take-home messages
	Acknowledgments
	References


