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Abstract. The autonomic nervous system regulates all internal processes of the body, thus ensuring homeostasis. A disturbance
in the balance of the autonomic nervous system can lead to clinical manifestations of autonomic dysfunction, often described
in rheumatologic patients. Clinical manifestations of autonomic dysfunction vary widely in patients with rheumatoid arthritis
(33-86% of cases) and systemic lupus erythematosus (9-90% of cases). The phenomena of dysautonomia in rheumatologic
patients may manifest before the manifestation of specific symptoms of the disease. Signs of autonomic dysfunction reduce
the quality of life of patients and pose a diagnostic challenge because of the variability of the clinical picture. An important
aspect in the treatment of dysautonomia is early detection and a multidisciplinary approach. This review presents evidence that
there is a positive effect of regular exercise in rheumatologic patients. It is important to remember that not all patients can be
physically active due to chronic pain syndrome, joint swelling and deformity, limited spinal mobility, impaired thermoregulation
and other clinical manifestations. Regular exercise can help restore the balance between the sympathetic and peripheral
nervous systems. An exercise program as part of rehabilitation is developed individually based on the patient’s complaints
and physical parameters (strength, endurance, balance and coordination).
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Pe3stome. BeretatsHas HepBHas cuctema perynupyert Bce BHYTPEHHUE NpoLecChl opraHuama, obecneunsas Tem
cambIM romeoctas. HapyleHue banaHca B paboTe BereTaTuBHOI HEPBHOW CUCTEMbI CMOCOBHO NPUBECTY K KNNHNYE-
CKWM NPOSIBNEHNSM BEreTaTUBHON AUCHYHKLNN, HEPEAKO ONUCHIBAEMON Y 60NbHBIX PEBMATONOrMYECKOro NpOduns.
KnuHnyeckne nposiBneHns BereTaTuBHON ANCHYHKLMM BapbUPYIOT B LUMPOKKUX Npeaenax y nalueHToB ¢ peBmaTto-
naHeiM aptputom (33-86% crnyyaes) 1 cUCTEMHOI KpacHom BonyaHkoit (9-90% crnyyaes). AABNeHNs AM3aBTOHOMUM
y NauMeHTOB peBMaTONOrMYeckoro Npouns MoryT NposBUTLCS 40 MaHWdecTauum cneunguyecknx CMMnToMoB
3aboneBaHws. Mpu3Hakn BEreTaTMBHON ANCHYHKLIMM CHIKAKOT KAYECTBO XWU3HW MaLWMEeHTOB N NpeacTaBnsoT cobon
npobnemy 4ns AMarHOCTUKK 13-3a BapnabenbHOCTH KIIMHNYECKON KapTUHbI. BaxHbIM acnekToMm B neveHnn au3as-
TOHOMWW SIBNSIETCH paHHee 06HapyXeHWe 1 NPUMEHEHNe MexaucuMnaMHapHoro noaxoaa. B o63ope npeacrasne-
Hbl AaHHble, CBUAETENbCTBYOLIME O HANMUYUM NOSOXNTENBHOMO BAUSHUSA PEryNSpHbIX TPEHMPOBOK Ha NaLWeHTOB
peBMaTonornyeckoro npoduns. BaxxHo NOMHNTL, YTO He BCe NauueHTbl MOTyT ObITb (OM3NYECKM aKTUBHBIMW U3-3a
XpOHUYeckoro 6oneBoro cMHApoMa, oTeka n aecopmaLyy CycTaBoB, OrpaHUYEHHON NOABMKHOCTY NO3BOHOYHMKA,
HapyLWeHUN TePMOPEryNALMN N APYrUX KIIMHWYECKNX NPOSIBNEHUI. PerynspHble guanyeckme ynpaxHeHus MoryT
cnocobcTBOBaTL BOCCTAHOBIEHNIO 6anaHca Mexay CUMNaTUYeckon 1 nepudepmyeckon HepBHbIMU CUCTEMaMU.
lMporpamma TPEHMPOBOK Kak YacTb peabunutaumn paspabatbiBaeTcs MHAMBUAYANBHO HA OCHOBE Xanob nayneHTa
W ero uamnyecknx nokasartenein (Cunbl, BBIHOCIMBOCTMW, PaBHOBECUS 1 KOOPAUHALMK).

KniouyeBble cnoBa: BeretatiBHas ,EI,VICbeHKLWIFl, AN3aBTOHOMUA, peBMaTonornyeckune 3a60neBava, paCCGﬂHHbIVI

CKnepos, usnyeckne ynpaxHeHns

INTRODUCTION

The group of pathologies of the rheumatological profile
includes rheumatoid arthritis, systemic lupus erythematosus,
ankylosing spondylitis, gouty arthritis, multiple sclerosis
and others. Pathologies of the rheumatological profile are
characterized by a multitude of systemic manifestations and
a high degree of disability of patients.

In recent years, the role of the autonomic nervous
system in the pathogenesis of these diseases has been
increasingly discussed [5, 45]. The possibility of its training
to improve the quality of life of patients has been discussed
too [19]. Therefore, special attention is paid to the possibility
of regulating autonomic tone through physical rehabilitation.

AIM

The aim of the review is to provide an up-to-date view of
the relationship between the autonomic nervous system and
physical activity in rheumatologic patients.

THE AUTONOMIC NERVOUS SYSTEM AND EXERCISES

The autonomic nervous system (ANS) plays an important
role in the regulation of various body functions, including

the cardiovascular system (CVS). Such parameters as
the heart rate (HR), conduction, myocardial contraction
and relaxation force are influenced by the balance of the
parasympathetic and sympathetic nervous system. When a
person transitions from rest to exercise, both ANS structures
must function throughout the duration of exercise, and
therefore the ANS response during the transition from rest
to exercise is considered to be quite complex [62].

Successful functioning of the autonomic nervous system
is based on rapid analysis by brain structures of incoming
information from various receptors (in blood vessels, skeletal
muscles, heart, lungs) and development of an adequate
response. The response is realized by the peripheral part
of the nervous system, releasing the neurotransmitters
acetylcholine and noradrenaline from nerve fiber endings
[54]. Such signals are received by the heart, adrenal glands,
and vascular smooth muscle. Changes in sympathic and
vagus balance depend on the type of exercise (isometric,
isotonic or isokinetic), its intensity and duration [18]. At the
beginning of exercise, there is an immediate decrease in
cardiac vagus nerve tone, which leads to an increase in
the HR, ventricular contractility, stroke volume and, as a
consequence, cardiac output [38].

The contribution of the peripheral nervous system to HR
is thought to be highest during low-intensity exercise and
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decreases proportionally as exercise intensity increases,
especially when HR reaches 100 beats per minute or
more [28]. In contrast, the contribution of the sympathetic
nervous system increases linearly with increasing exercise
intensity. Activation of the sympathetic nervous system and
subsequent release of adrenaline from the adrenal medulla
contribute to an increase in HR and ventricular contractility
and cause vasoconstriction in untrained muscles and
internal organs, thus redistributing cardiac output toward
actively working muscles.

Physical exercise activates the release of muscle
metabolites stimulating a-adrenoreceptors, which leads to a
decrease in the effectiveness of sympathetic vasoconstrictor
influences (functional sympatholysis) [61]. Upon cessation
of exercise, there is a rapid recovery of HR, followed by
a gradual decrease in HR that takes several minutes
[39, 43]. Athletes with good physical training have higher
activity of the peripheral nervous system. Athletes show
a rapid recovery of HR after cessation of training [43] and a
significant decrease in resting HR [4, 12]. Thus, the balance
of the autonomic nervous system is important for proper
cardiovascular response during exercise and for human
well-being [28].

Changes in the balance of both the sympathetic
nervous system and the peripheral nervous system can
lead to clinical manifestations of autonomic dysfunction.
These can be characterized by a wide range of symptoms,
including neurological (headache, sleep disturbances),
cardiovascular (tachy- or bradycardia, hyper- or hypo-
tension, orthostatic disorders), pulmonary (dyspnea),
gastrointestinal (nausea, abdominal bloating, diarrhea or
constipation, abdominal pain), genitourinary (neurogenic
bladder, erectile dysfunction), secretomotor (sweating
problems, dry mouth, dry eyes), vasomotor (extremity
coldness, Raynaud’s phenomenon), and visual (impaired
pupil response to the light, tunnel vision, double vision,
blurred vision, hypersensitivity to light) [46].

AUTONOMIC DISORDERS IN PATIENTS
WITH RHEUMATOLOGIC DISEASES

The great variability of autonomic nervous system lesions
in rheumatologic patients is most likely related to nonspecific
symptoms of dysautonomia, small statistical samples in
studies, and the lack of a unified approach to the examination
of patients with suspected autonomic dysfunction [71].
For example, in patients with rheumatoid arthritis, ANS
lesions ranges from 33 to 86% [8], and in systemic lupus
erythematosus they ranges from 9 to 90% [40, 71].

The most studied manifestation of autoimmune dysauto-
nomia is the development of cardiovascular dysfunction

[71]. The increased cardiovascular risk in patients with
rheumatologic diseases, especially rheumatoid arthritis (RA)
(mortality is more than 50%) [2, 38] and systemic lupus
erythematosus (SLE) (mortality is from 17% to 76%) [35, 51],
is not fully explained by the presence of traditional risk factors
(smoking, arterial hypertension, hypercholesterolemia, dia-
betes mellitus). The results of most studies indicate that
decreased parasympathetic activity, increased sympathetic
activity, altered heart rate variability and cardiac reflex activity
are predictors of a higher incidence of cardiovascular disease
and mortality in these patients [8].

DYSAUTONOMIA IN PATIENTS
WITH RHEUMATOID ARTHRITIS

Signs of dysautonomia in rheumatologic patients may
develop first before the onset of clinical symptoms of the
main disease. Patients with rheumatoid arthritis have the
following symptoms of autonomic imbalance: cyanosis,
peripheral vasospasm, orthostatic hypotension, or postural
tachycardia syndrome [8]. It has been suggested that
decreased parasympathetic activity may be a part of the
pathogenesis of rheumatoid arthritis [49]. It is necessary to
search for significant correlations between dysautonomia
and such characteristics as the duration of the initial
disease, its activity, and the index of structural damage in
patients with rheumatoid arthritis [71].

AUTONOMIC DISORDERS IN PATIENTS
WITH SYSTEMIC LUPUS ERYTHEMATOSUS

Autonomic nervous system dysfunction is common in
patients with systemic lupus erythematosus. Various car-
diovascular cardiovascular Ewing reflex tests (Valsalva test,
deep breathing test, orthostatic test, isometric exercise test)
are used for its evaluation. Patients with SLE had significantly
more positive tests for ANS dysfunction compared to healthy
individuals. In addition, there is evidence that autonomic
nervous system dysfunction does not correlate with clinical
neuropsychiatric manifestations or immunoserologic markers
such as antiphospholipid antibodies [70]. These data suggest
that ANS dysfunction may be common in patients with SLE
even in the absence of specific clinical manifestations,
emphasizing the importance of monitoring of autonomic
function in patients with SLE [70].

AUTONOMIC REGULATION DISORDERS IN PATIENTS
WITH MULTIPLE SCLEROSIS

Dysautonomia has been documented in 45-84% of
patients with multiple sclerosis (MS) [7, 21]. Autonomic
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dysfunction in patients with multiple sclerosis is manifes-
ted by a variety of symptoms, including cardiovascular,
genitourinary, and thermoregulatory dysfunction, sweating
disorders, and signs of sexual dysfunction [7]. Disturbance
of autonomic regulation of cardiovascular system can occur
in the absence of clinical manifestations of the main disease
[1, 6]. Both parasympathetic and sympathetic components
of the cardiovascular system are selectively affected at
different stages of multiple sclerosis [29, 50, 53, 76].
Parasympathetic dysfunction has been shown to correlate
with increasing scores on the Disability rating scale and is
more common in the late stages of the disease. In contrast,
sympathetic dysfunction is associated with an outcome of
the disease and thus may be associated with inflammatory
mechanisms in multiple sclerosis. Autonomic dysfunction
contributes to the increased fatigue felt by patients with
multiple sclerosis [30]. As the disease progresses, symptoms
of dysautonomia may increase, leading to orthostatic
intolerance, sexual dysfunction, and decreased exercise
tolerance, which are significantly affect patients’ quality of
life. Autonomic dysfunction in multiple sclerosis has been
attributed to various mechanisms: lesion of autonomic
pathways, influence of inflammatory mediators, imbalance
of neurotransmitters (acetylcholine and noradrenaline),
axonal degeneration, including demyelination of specific
structures in the central nervous system that can disrupt
ANS regulation [36, 65, 77]. Imbalance between over-
activated immune system and autonomic receptors (B- and
o-adrenergic and D1-like and D2-like dopamine re-
ceptors) on lymphocytes causes increased production of
catecholamines by lymphocytes [16, 29]. Other factors
that may be involved in autonomic dysfunction in multiple
sclerosis are Epstein-Barr virus infection and vitamin D
deficiency [10, 52].

DYSAUTONOMIA IN PATIENTS
WITH OTHER RHEUMATOLOGIC DISEASES

In systemic scleroderma (SS), increased sympathetic
activity impairs microcirculation, and impaired para-
sympathetic regulation can lead to impaired esophageal
motor function even before the manifestation of systemic
scleroderma [24]. Autonomic cardiovascular dysfunction
associated with right ventricular dysfunction [74], myocardial
blood flow dysregulation [34], and arrhythmias preceding the
development of fibrosis [17] leads to an increased morbidity
and mortality in patients with systemic scleroderma [24]. The
early stages of Sjogren’s syndrome are also characterized
by ANS dysfunction, which causes a decrease in exocrine
gland function due to impaired innervation and loss of
glandular tissue due to apoptosis [20]. Symptoms such

as gastrointestinal dysfunction, impaired sweating and
urination, in combination with other signs of peripheral
nervous system damage (sensory polyneuropathy) may
occur before the onset of dry eye and mouth syndrome and
later in the clinical stage [44, 57].

A common group of symptoms that include chronic
fatigue, widespread pain, myalgia, arthralgia, cognitive
dysfunction, and cardiovascular disorders, gastrointestinal
tract and urinary tract disorders, can be described not
only in patients with rheumatologic diseases, but also in
patients with conditions such as myalgic encephalomyelitis/
chronic fatigue syndrome, fibromyalgia (FM), breast implant
illness (BIl), and syndrome after COVID-19 [67]. It cannot
be excluded that autonomic dysfunction in these types of
pathology and rheumatologic diseases may share common
pathophysiologic autoimmune mechanisms [31, 67].

THE ROLE OF PHYSICAL EXERCISE
IN THE RECOVERY OF AUTONOMIC REGULATION
IN PATIENTS WITH RHEUMATOLOGIC PROFILE

Regular exercise can be used to rebalance the
sympathetic and peripheral nervous system.

It has been demonstrated in patients and animal models
with chronic heart disease that exercise can increase
vagus nerve modulation and decrease sympathetic tone
[32]. Achieving autonomic balance leads to improved
cardiovascular and endothelial function, normalization of
blood pressure, heart rate variability and cardiorespiratory
function with increased oxygen uptake and more efficient
redistribution of blood flow. It is generally accepted that
these changes are the main result of adaptation to regular
exercise [19]. Another important effect of exercise is the
induction of neuronal plasticity in autonomic centers of
the CNS, such as the nuclei of the vagus nerve, nuclei
of the rostral ventrolateral medulla. It has also been
shown that exercise during physical rehabilitation causes
reorganization of neurochemical connections in the brain,
provokes neurogenesis and formation of new synapses,
especially in the dentate gyrus of the hippocampus, which
improves cognitive abilities [55].

Physical exercise in patients with autoimmune diseases
has an immunomodulatory effect due to its effect on the
expression of inflammatory marker genes, changes in the
levels of hormones such as cortisol and adrenaline that
inhibit the secretion of proinflammatory cytokines (tumor
necrosis factor (TNF)-a), and decreased expression of
toll-like receptors (TLR) on monocytes [27]. Exercise also
mechanistically stimulates the promotion of immune cells
and immunoglobulins through lymphatic and peripheral
tissues, exerting a direct anti-inflammatory effect by
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enhancing the production of anti-inflammatory cytokines.
The muscle myokine IL-6 produced during exercise has a
direct anti-inflammatory effect by improving glucose and
lipid metabolism [58, 69].

Thus, physical exercise can serve as an additional therapy
to standard immunomodulatory and immunosuppressive drugs.

Exercise is especially indicated in systemic diseases
with possible impairment of self-care, as in the case of
multiple sclerosis. However, patients with multiple sclerosis
have motor impairment as a consequence of muscle
weakness, they have impaired walking mechanics, balance
problems; spasticity and fatigue complete the picture, which
reduces their adherence to regular exercise [36]. Additional
limitations are associated with worsening symptoms of
autonomic dysfunction. Patients with multiple sclerosis may
have impaired thermoregulation due to impaired sweating
[42], and this makes potentially dangerous the exercise in
hot conditions. Symptoms such as spasticity or paresis as
the disease progresses are often irreversible, preventing
patients from exercising. Moreover, these symptoms worsen
with decreased physical activity. At the same time, it is well
known that exercise alleviates conditions associated with
hypodynamia [26]. There is evidence of a positive effect of
exercise training on muscle strength in people with multiple
sclerosis. Results from randomized controlled trials have
shown that muscle strength increases after strength training
[15, 18, 22, 23, 25, 63, 75, 78], combined aerobic exercise
[48], and aquatic training [33]. Robotic mechanotherapy with
the use of exoskeleton in patients with gait disturbance in
multiple sclerosis allows to increase the speed and distance
of walking [13]. There is evidence that progressive muscle
overload training, which involves gradually increasing the
weight of sports equipment or increasing the number of
repetitions, improves lower limb muscle strength in people
with multiple sclerosis, and these improvements are limited
to the muscle groups targeted by the training [47]. Physical
exercise in MS helps to restore movement coordination,
stabilize balance, strengthen muscle tissue, eliminate
increased spasticity, and normalize muscle tone despite the
damage of the nervous system [3].

An individualized exercise program, which is recom-
mended to be included as part of rehabilitation, should be
designed taking into account the patient’s chief complaints,
strength, endurance, balance, coordination, and fatigue
[37]. It is promising to further investigate the effects of
exercise in patients with multiple sclerosis, including the
effects of physical rehabilitation on cellular processes such
as muscle protein synthesis, mitochondrial biogenesis, and
changes in muscle fiber composition, to understand how
physical activity may contribute to improving the quality of
life of people with this disease [14].

A number of studies have shown the effectiveness
of both endurance and weight training in improving the
quality of life in people with rheumatologic diseases [60,
66]. Patients with these pathological conditions are more
prone to the development of cardiovascular disease as
a result of the systemic action of inflammatory mediators
and are predisposed to metabolic changes due to ele-
vated glucocorticoid levels. Unfortunately, patients with
rheumatologic diseases have many reasons to be physically
inactive. Chronic pain syndrome, joint swelling and
deformity, limited spinal mobility, muscle weakness, fatigue,
and skin rashes all contribute to patients’ low adherence to
an active lifestyle.

Regular physical activity is safe and well tolerated by
most patients with rheumatologic diseases such as systemic
lupus erythematosus, rheumatoid arthritis, systemic sclero-
derma, and Sjogren’s syndrome [59, 66, 72]. However,
there are groups of patients, predominantly with cardiac and
pulmonary lesions, in whom exercise may not result in clear
beneficial effects [66]. Antonioli et al. [9], who studied a
group of patients with systemic scleroderma, demonstrated
that exercise is useful in improving exercise tolerance by
reducing the HR and dyspnea scores. Endurance and
weight-bearing exercises significantly improve performance
(e.g., walking time in the Cooper test) and reduce fatigue in
patients with rheumatic diseases [41].

It is interesting that a recent meta-analysis of home-
based exercise programs as part of the treatment plan for
patients with rheumatologic diseases showed that physical
activity significantly improves quality of life (p <0.01),
increases functional capacity (p=0.04), reduces disease
activity (p=0.03), and decreases subjective feelings of
pain (p=0.01) compared to patients who do not perform
any physical activity. Moreover, it has been concluded
that the use of home exercise programs is as effective as
exercise programs in a medical institution [68]. It is known
that for patients with SLE and Sjégren’s syndrome, fatigue
is essentially a disabling symptom. A low-intensity exercise
program is able to cause a subjective reduction in the
feeling of fatigue in Sjogren’s syndrome [73] and in patients
with SLE [11].

Evaluation of physical activity and fatigue in patients
with rheumatoid arthritis has shown that patients with a high
level of daily physical activity have less fatigue. The authors
noted that patients complain of increased pain and fatigue
at the beginning of exercise and that symptoms decreases
with continued physical activity [64].

Hypodynamia in patients with rheumatic diseases is
extremely harmful both physically (decreased muscle
strength, increased muscle stiffness, worsening of the
condition) and psychologically (a fear of movement, depres-
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sion, loss of self-confidence). Itis necessary to offer patients
adapted aerobic exercises with moderate intensity, which
can be gradually increased as the condition improves [56].

CONCLUSION

WUcTouHuk chmHaHcupoBaHmA. ABTOpbI 3asBnstOT 06
OTCYTCTBMM BHELIHEr0 (PUHAHCMPOBAHUS NPU NPOBEAEHUM
ncecnefoBaHus.
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