Shobeiri et al.
European Journal of Medical Research (2022) 27:185 E u ropea n J O u rna I
https://doi.org/10.1186/s40001-022-00814-9 of Medical Research

REVIEW Open Access

®
IL-6 and TNF-a responses to acute ol

and reqular exercise in adult individuals
with multiple sclerosis (MS): a systematic review
and meta-analysis

Parnian Shobeiri'***' Homa Seyedmirzaei'***', Nastaran Karimi®, Fatemeh Rashidi', Anténio L. Teixeira’,
Serge Brand'#?'%"" Dena Sadeghi-Bahmani®'? and Nima Rezaei®*'*"

Abstract

Background: In both the general population and people with multiple sclerosis (PwMS), physical exercise is associ-
ated with improved mental well-being. Moreover, there is evidence of the possible protection of physical activity
against disease progression in multiple sclerosis (MS). However, the question arises if acute or regular exercise has

any impact on the immune system in PwMS. To answer this question, we performed a systematic review and meta-
analysis on both plasma and serum cytokine levels (IL-6 and TNF-a) before and after acute and regular exercise among
PwMS and compared to healthy controls.

Method: We performed an online search via PubMed, EMBASE, SCOPUS, Web of Science, and Cochrane Library till
September 2021 to identify original studies on IL-6 and TNF-a changes after acute and regular exercise in PwMS and
controls. Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), 11 original
studies were included in the meta-analysis. Sensitivity analyses were used to identify the origins of heterogeneity. R
4.0.4 was used to perform the meta-analysis of IL-6 and TNF-a levels before and after acute and regular exercise in
PwMS, compared to controls. This study does not qualify for a clinical trial number.

Results: IL-6 levels did neither increase nor decrease after acute and regular exercise in PwMS, and compared to con-
trols (pre- vs. post-intervention: Standardized Mean Difference (SMD) -0.09, 95% ClI [—0.29; 0.11], p-value =0.37, PwMS
vs. Control: SMD —0.08, 95% CI [—0.33; 0.16], p-value=0.47). In PwMS, TNF-a levels decreased after regular exercise
and when TNF-a levels of both acute and regular exercise were pooled (pre- vs. post-intervention: SMD —0.51, 95% Cl
[-0.91; 0.11], p-value =0.01, PwMS vs. Control: SMD —0.23, 95% Cl [—0.66; 0.18], p-value =0.26). TNF-a levels did neither
increase nor decrease after acute and regular exercise in PwMS, when compared to controls.

Conclusion: This systematic review and meta-analysis show that exercise does not lead to significant changes in
peripheral levels of IL-6 in PwMS in contrast to the observed response in healthy subjects and other medical contexts.
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However, regular exercise had a specific anti-inflammatory effect on blood TNF-a levels in PwMS. It remains to be
investigated why PwMS display this different exercise-induced pattern of cytokines.

Keywords: Multiple sclerosis, Cytokine, Interleukin-6, TNF-q, Exercise

Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease
estimated to affect 900,000 people in the United States,
and 5-300 per 100,000 people worldwide [1]. It is char-
acterized by varying patterns of neuro-inflammation,
demyelination, and axonal loss [2]. As a result of neuro-
inflammation and neurodegeneration in the central
nervous system (CNS), people with MS suffer from a
wide range of sensory and motor symptoms that influ-
ence their quality of life [3]. People with MS (PwMS) can
exhibit lower levels of muscle strength, speed, endur-
ance, and cardiorespiratory fitness compared to healthy
individuals [4]. Moreover, PWMS were reported to avoid
physical activities believing that elevated body tempera-
ture worsens their symptoms [5]. However, recent studies
have shown that physical exercises can positively affect
the quality of life [6, 7], potentially by playing disease-
modifying roles in PwMS, lessening depression [8, 9],
fatigue [10, 11], paresthesia [12], and improving sexual
dysfunction, emotion regulation, and subjective and
objective sleep dimensions [13, 14].

The underlying biological mechanisms of MS are com-
plex and not fully understood [15]. Dysregulation of the
CD4" T cells (T-helpers) remains the main immuno-
logical background of this disease [16]. T-helper 1 and
T-helper 17 cells are aberrantly found in the CNS lesions,
cerebrospinal fluid (CSF), and blood of people with MS
[17]. These cells are associated with elevated inflamma-
tory cytokines, such as interleukin-6 (IL-6), interferon-
gamma (INF-y), tumor necrosis factor-alpha (TNF-a),
IL-17, and IL-22 in MS, both leading to the blood—brain
barrier (BBB) breakdown and astrocyte and microglia
activation [18-20]. In contrast, T-helper 2 cells, sup-
pressors of microglial activation, are declined in MS; and
reduced T-helper 1/T-helper 2 ratios in the CSF of PWMS
enhance the neuro-inflammation in this disease [20, 21].

In multiple sclerosis, the rise in pro-inflammatory
cytokines in blood and CSF accelerates the demyelina-
tion and axonal damage in the CNS [22, 23]. Among the
main pro-inflammatory cytokines, including IL-1p, IL-6,
and TNF-a [24], the role of IL-1 B is reported to be lim-
ited compared to the other two. A study showed that the
role of IL-1 signaling in immune cells is redundant for the
pathogenesis of experimental autoimmune encephalo-
myelitis (EAE), a murine model of MS [25]. On the con-
trary, the blockade of IL-6 and TNF-a in EAE suppresses
disease development [26, 27]. Furthermore, high levels

of IL-6 in the cerebrospinal fluid correlate with reduced
synaptic plasticity with clinical expression of brain dam-
age [28]. Physical exercise is reported to suppress CNS
IL-6 production and thus inhibit microglial activation
[28, 29]. On the other hand, muscle-derived IL-6 dur-
ing physical activities stimulates anti-inflammatory
cytokines (e.g., IL-10) and, therefore, inhibits the effects
of tumor necrosis factor-alpha, the other pro-inflamma-
tory cytokine [30]. TNF-« levels are also elevated in MS
patients and are associated with MS severity [31].

The origin of these cytokines is variable in the body,
and distinct sources determine different functions in
cytokines; for example, it is suggested that the elevated
IL-6 levels are mainly due to its production in skeletal
muscle, brain, and peri-tendinous tissues [32]. Contrary
to immunologic cell-derived IL-6, muscle-derived IL-6
exhibits anti-inflammatory features, as it suppresses
T-helper 1 cells and its interferon-gamma production
and induces the production of IL-10 and II-4 [33]. Fur-
thermore, the elevation of muscle TNF-« is reported to
have regenerative effects on muscles through activating
satellite cells [34].

Exercise appears to influence the central nervous sys-
tem (CNS) in a variety of ways. These include boost-
ing cerebral blood flow, modulating endocannabinoids
and neurotransmitters, influencing neuroendocrine
responses, and CNS structural changes. [35-37] For
instance, Prakash et al. [38] showed that aerobic exercise
in PWMS decreased gray matter volume while maintain-
ing the integrity of white matter. Several brain regions,
including the hippocampus, thalamus, caudate, putamen,
and pallidum, have been positively linked to the amount
of moderate/vigorous physical exercise [39]. PWMS who
completed a six-month, two-day-a-week weight exercise
program had no significant reduction in brain atrophy,
according to Kjolhede et al. [40]. Reflecting these struc-
tural findings, physical therapy and exercise seem to
improve cognitive functioning, including memory, learn-
ing, and information processing [41-45].

To date, there is no eligible biomarker to assess the
effects of exercise on people with MS. Herein, in this sys-
tematic review and meta-analysis, we aimed to evaluate
the acute and long-term impacts of physical activities on
serum IL-6 and TNF-a, the well-known pro-inflamma-
tory cytokines, in people with MS. We will also discuss
whether the cytokine changes are related to disease pro-
gression and clinical outcomes in these people.
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Methods and materials

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA 2020) guidelines [46] were
followed for this meta-analysis.

Information source and search strategy

We performed an online search via PubMed, EMBASE,
SCOPUS, Web of Science, and Cochrane Library until
September 2021, aiming to identify original studies
investigating IL-6 and TNF-«a changes after exercise in
MS patients and controls. There were no language or
date restrictions. Results from PubMed and Embase were
retrieved using Medical Subject Headings (MeSH) and
Emtree, respectively. Additionally, we searched the ref-
erence lists of relevant papers for other publications that
met the criteria. Our search keywords are described in
the Additional file 1.

Selection criteria

Studies were included if (1) they were peer-reviewed
clinical trial studies, (2) IL-6 or TNF-a blood levels were
measured quantitatively using enzyme-linked immuno-
assays (ELISA) or other assays, (3) IL-6 or TNF-a meas-
ured before and after an exercise intervention, and (4) the
absolute values of the IL-6 or TNF-a markers were either
given within the manuscript or provided by the authors
of the original study for performing the meta-analysis.
Exclusion criteria were (1) pediatric MS and (2) case
reports, case series, letters, commentaries, abstracts, pro-
tocols, review articles, and animal and in vitro studies.
Two authors (P.S and H.S) independently completed the
screening and eligibility assessment. In case of disagree-
ment, the two authors discussed and settled the conflict.

Data extraction

Two reviewers independently extracted (1) bibliographic
information (study title, year of publication, first author,
study type, and country), (2) demographic and clinical
features of the sample (number of patients and controls,
age, sex, disease duration, mean expanded disability sta-
tus scale [EDSS] score), (3) methodological details (diag-
nostic criteria, characteristics of the ELISA or other
assay), and (4) levels of the IL-6 or TNF-a before and
after the intervention in either MS or control group. We
contacted the studies’ corresponding authors for more
information if the absolute values of the levels of IL-6 or
TNF-a were not included in the published article. The
inter-rater reliability between reviewers was calculated
using the kappa coefficient [47].

Study quality assessment
The methodological quality of the included studies was
rated by two reviewers (P.S and H.S) separately, based on
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the PEDro scale [48]. PEDro is a trustworthy and valid
checklist consisting of 11 items as follows: (1) eligibility
criteria, (2) random allocation, (3) concealed allocation,
(4) baseline comparability, (5) masked participants, (6)
masked therapists, (7) masked assessors, (8) adequate
follow-up, (9) intention to treat analysis, (10) between-
group comparison, and (11) point estimates and variabil-
ity. As the eligibility criterion item does not count to the
overall score, each study gets a score from 0 to 10. We
categorized studies based on their PEDro score; below 4
as "poor" quality, a score between 4 and 5 indicating "fair"
quality, a score of 6 to 8 regarded to be of "good" quality,
and a score of 9 to 10 indicating "excellent" quality. Any
differences were addressed by discussion between the
reviewers.

Statistical analysis

We calculated a standardized mean difference (SMD)
(Hedges’ g), and 95% confidence interval (CI) for each
between-group comparison as the included studies
were done in a 17-year span and probably used assays
with different sensitivity. The SMD values <0.2, 0.2-0.8,
and > 0.8 denoted small, moderate, and large effect sizes,
respectively. Meta-analyses were done for comparisons
for which findings from at least three separate datasets
were available.

If the values reported in the manuscript were given as
a median and interquartile range (IQR) or median and
range, and we were not able to retrieve the mean + stand-
ard deviation (SD) from the authors, we used statistical
methods suggested by Luo et al. [49] and Wan et al. [50]
to convert these values.

To assess heterogeneity between studies in the between-
group meta-analyses, we used Cochrane’s Q-test and the
P-index. The P-indices of < 25%, 26—75%, and 75% < rep-
resented low, moderate, and high heterogeneity degrees,
respectively. In terms of the heterogeneity tests, the
p-value<0.1 was considered significant. We utilized ran-
dom effect models according to the DerSimonian and
Laird method. Random-effects models are preferred if
significant heterogeneity is expected, as they account for
variable underlying effects in estimates of uncertainty,
including both within- and between-study variance. We
visualized the results of the meta-analysis as forest plots.

To further assess the causes of heterogeneity, we con-
ducted a sensitivity analysis to identify influential cases
for meta-analyses with significant heterogeneity, includ-
ing ten or more studies. Each time we omitted one study
and recalculated the effect size (leave-one-out Analyses).
To reduce the heterogeneity among individual studies,
we conducted a subgroup analysis based on the type of
intervention used in each study.
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Publication bias was initially assessed by visual obser-
vation of the degree of funnel plot asymmetry. Then, we
used Egger’s bias test to objectively confirm the visual
perception from the funnel plot. A p-value<0.1 was con-
sidered as evidence of publication bias. Funnel plots and
Egger’s plots are available. When there was evidence of
publication bias, we adjusted the effect sizes using the
trim-and-fill method.

All computations and visualizations were carried out
using R version 4.0.4 (R Core Team [2020]. R: A lan-
guage and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria)
and STATA 16 (StataCorp. 2019. Stata Statistical Soft-
ware: Release 16. College Station, TX: StataCorp LLC)
for metaregression and Egger’s plots. We used following
packages: “meta” (version 4.17-0), “metafor” (version
2.4-0), “dmetar” (version 0.0-9), and “tidyverse” (version
1.3.0). All forest plots and the drapery plot were designed
using R. A p-value of <0.05 was considered statistically
significant.

Results

Selection of studies

The search strategy retrieved a total yield of 359 studies.
After the removal of duplicates, 264 studies remained. In
the next step, titles and abstracts were screened regard-
ing their relevancy to the systematic review topic. After
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the exclusion of 228 irrelevant studies, we identified 36
potentially eligible studies. We checked the full text of
these studies, and finally, 11 original clinical trials met
the criteria to be included in the meta-analysis [51-61].
No further studies that were appropriate for inclusion
were identified via hand searching and checking refer-
ences. Figure 1 illustrates the process of study selection
according to the PRISMA guideline. The agreement
between the two independent reviewers for study selec-
tion was great for both titles/abstracts (kappa=1.00; per-
centage agreement =99.92%) and full text (kappa=1.00;
percentage agreement=100%).

Study characteristics

Table 1 shows the characteristics of the studies included
in the meta-analysis. Levels of IL-6 were measured in
nine studies [51-59], of which five studies had control
groups [51, 54, 55, 58, 59]. Regarding TNF-a levels, six
studies assessed its levels [52, 53, 55, 56, 60, 61], of which
three investigated controls as well [55, 60, 61].

Quality assessment

The median total PEDro score was 5 (IQR=1;
mean+ SD=5.5+0.8; range: 4 to 7) out of 10, indicat-
ing that the included studies were of good quality over-
all (Table 2). All studies passed the following criteria:
(1) Between-group statistical comparison and (2) point

Identification of studies via databases and registers

Records identified from:

Identification of studies via other methods

PubMed (n = 36)
Scopus (n = 220)
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Fig. 1 Study selection process according to the Preferred Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) guideline
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estimates and variability. Moreover, neither the partici-
pants nor the raters were blinded in any of the included
investigations.

Meta-analysis

All statistical indices for within- and between-group
meta-analysis are reported in Table 3. Overall, for pre—
post-comparisons within individuals with MS, IL-6
did neither change after acute nor regular exercise. For
TNF-a, overall concentrations decreased from pre- to
post-intervention, though no change in TNF-a concen-
trations was observed for acute exercise when considered
separately. Interestingly, regular exercise resulted in sig-
nificant differences from pre- to post-intervention. Com-
pared to controls, in individuals with MS, neither IL-6
nor TNF-a concentrations decreased or increased after
acute and regular exercise.

IL-6

Comparison of pre- and post-intervention IL-6 concen-
tration In nine studies, levels of IL-6 were assessed
(N=184) before and after the exercise program. The
combined mean+SD of the age of participants was
46.59+12.91 years, as reported by six studies (n=73)
[51, 52, 55-57, 59]. The cumulative number of female and
male participants was 172 and 12, respectively, reported
by eight studies [51, 52, 54—59]. Three studies reported the
EDSS score of patients [51, 52, 57] (n=232), and the com-
bined EDSS mean=+SD was 3.72+1.79. The combined
mean =+ SD of the disease duration was 14.84 47.92 years
(n=39), reported by three studies [51, 57, 59].

Meta-analysis showed that IL-6 levels were lower after
exercise but did not reach statistical significance (Table 3,
Fig. 2A). A drapery plot is used to represent the meta-
analysis findings based on the study’s p-value functions
(p-value on the y-axis and the effect size on the x-axis),
which are depicted in the Additional file 1 for all four
meta-analyses.

The Egger’s test (p-value=0.45) and funnel plot
(Fig. 2B) exhibited no evidence of publication bias. The
Eggers’ test does not indicate the presence of substantial
funnel plot asymmetry. The heterogeneity between stud-
ies was not statistically significant (p-value=0.8843).

Comparison of post-intervention IL-6 levels between PwMS
and controls 1In five studies, levels of IL-6 were com-
pared between PwMS (N=137) and controls (N=121).
The combined mean+SD of participants’ age was
42.21 £11.92 years reported by three studies (n=43) [51,
55, 59]. The cumulative number of female and male par-
ticipants was 177 and 8, respectively [51, 54, 55, 58, 59].
Just one study reported the EDSS score of the patients
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[59]. The combined mean=+SD of disease duration was
13.8947.19 years [51, 59].

No statistically significant difference was observed
comparing post-intervention levels of IL-6 between
PwMS and controls (Table 3, Fig. 2C).

The Egger’s test (p-value=0.18) and funnel plot
(Fig. 2D) disclosed no evidence of publication bias. The
Eggers’ test does not indicate the presence of substantial
funnel plot asymmetry. The heterogeneity between stud-
ies was not statistically significant (p-value =0.6162).

TNF-a

Comparison of pre- and post-intervention TNF-a concen-
tration In six studies, levels of TNF-a were determined
before and after the exercise program in PwMS (N=102).
The combined mean =+ SD of the age of participants was
32.24+12.08 years, as reported by five studies (n=85)
[52, 55, 56, 60, 61]. The cumulative number of female and
male participants was 74 and 9, respectively [52, 55, 56,
61]. Three studies reported the EDSS score of the patients
(n=58) [52, 60, 61], and the combined EDSS mean &+ SD
was 2.25+1.16. One study reported the disease duration
time of the participants [61].

TNEF-a levels were lower after exercise intervention,
but not achieving statistical significance (SMD —0.5161,
95% CI [—1.0488; 0.0166], p-value=0.0551, test of het-
erogeneity: I*=48.6%, p-value=0.0836 (Table 3, Fig. 3A).

The Egger’s test (p-value=0.27) and funnel plot
(Fig. 3B) showed no evidence of publication bias. The
Eggers’ test does not indicate the presence of substantial
funnel plot asymmetry. The heterogeneity between stud-
ies was statistically significant (p-value =0.0836).

Sensitivity analysis (leave-one-out analysis) showed
that the effect size remained significant after omitting
each study, and the heterogeneity did significantly reduce
(Fig. 3C and D).

Comparison of post-intervention TNF-a levels between PwMS
and controls In three studies, the levels of TNF-a were
compared between PwMS (N=62) and controls (N=48).
The combined mean=+SD of the age of participants was
34.17+7.9 years for 62 reported patients of three studies [55,
60, 61]. The cumulative number of female and male partici-
pants was 29 and 6, respectively, reported by two studies [55,
61]. Two studies reported the EDSS score of the patients [60,
61], and the combined EDSS mean = SD was 1.93+0.94 for
48 reported patients. One study reported the disease dura-
tion time of the participants [61].

No statistically significant difference was observed
comparing post-intervention levels of TNF-a between
PwMS and controls (Table 3, Fig. 4A).
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Control levels of IL-6
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Fig. 2 A Forest plot of subgroup meta-analysis of pre- and post-intervention levels of IL-6 B Funnel plot of meta-analysis of pre- and
post-intervention levels of IL-6 C Forest plot of subgroup meta-analysis of PwMS vs. Control levels of IL-6 D Funnel plot of meta-analysis of PwMS vs.
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The Egger’s test (p-value=0.23) and funnel plot
(Fig. 4B) demonstrated no evidence of publication bias.
The Eggers’ test does not indicate the presence of substan-
tial funnel plot asymmetry. The heterogeneity between
studies was not statistically significant (p-value=0.7410).

Discussion

To the best of our knowledge, the current review is the
first meta-analysis evaluating the acute and long-term
impacts of exercise on serum IL-6 and TNF-a in PwMS
and compared to healthy controls. Results can be sum-
marized in five points: First, in PwWMS, acute and regu-
lar exercise had no impact on IL-6 levels. Second, for
TNF-a, overall concentrations decreased from pre- to
post-intervention; however, third, no change in TNF-a
concentrations was observed for acute exercise when
considered separately. Fourth, regular exercise resulted
in significant differences from pre- to post-intervention.
Lastly, compared to controls, in PwMS, IL-6 and TNF-a
concentrations did not change after acute and regular
exercise. Given these, the present results significantly
add to the current literature: Both acute and regular exer-
cise does either not impact or favorably impact IL-6 and

TNF-« levels in PwMS; as such, both acute and regular
exercises do not further deteriorate the immune system;
this is disturbed in PwMS.

Blood and CSF cytokine alterations have been reported
in MS patients, but the results are not consistent given
the heterogeneity of studies. Most studies involved a
small number of MS patients, not controlling for the
phase of the disease (e.g., remission vs. relapse/acute,
relapsing—remitting vs. progressive) [62-67]. Accord-
ing to a recent meta-analysis of these studies, TNF-a
was significantly higher in PwWMS compared to healthy
controls (p-value<0.001), but differences in IL-6 blood
concentrations in PwMS and healthy controls were not
(p-value=0.064) [68]. Similarly, CSF levels of TNF-a was
significantly higher in PWMS, unlike IL-6 [68].

Exercise has been associated with changes in the
peripheral levels of cytokines. For example, Ostrowskie
et al. demonstrated that IL-6 plasma concentration of
athletes increases significantly after 2.5 h of treadmill
running, while TNF-a remains unchanged [69]. Kouve-
lioti et al. observed significant elevations of IL-1p, IL-6,
and TNF-a serum levels after high-intensity interval
running and cycling [70]. Townsend et al. assessed the
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circulating levels of TNF-a after heavy resistance exer-
cise in men. They reported that TNF-a elevates imme-
diately after resistance exercise but decreases at 24 and
48 h after that [71]. Different exercise protocols, includ-
ing type, duration, and intensity alongside distinct
measurement methods, and targeted population might
explain differences among these studies [70] [72, 73].
Age and gender are other factors contributing to differ-
ent post-exercise cytokine changes [74].

Several studies have also investigated exercise-
induced cytokine alterations in neurodegenerative dis-
eases [75-77]. For example, plasma levels of IL-6, but
not TNF-q, increased after a 16-week duration of mod-
erate-to-high-intensity aerobic physical exercise in Alz-
heimer’s disease patients [78]. Conversely, TNF-a levels
decreased [79] or remained unaltered in PD patients
after 8-week course of aerobic exercise [80].

In contrast to these studies in healthy subjects and
people with neurodegenerative disorders, PwMS did
not change their TNF-a and IL-6 blood levels after
physical activity. The impaired aerobic capacity in
PwMS could explain the observed differences between
healthy people and PwMS regarding cytokine changes.
The decreased oxygen transportation/mitochondrial
phosphorylation in MS is associated with disease
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severity and results in different cytokine alterations
[81].

Given that systemic IL-6 regulation alterations may be
significant in the establishment of central nervous system
lesions [82], reductions in this cytokine may have sub-
stantial clinical outcomes in people with MS. Previous
research indicates that excessively high IL-6 concentra-
tions in the peripheral may cause excess inflammation,
which may aggravate disease activity in MS [83]. Moreo-
ver, increased IL-6 may interfere with microbial pathogen
clearance [83] and contribute in T-cell activation, thereby
contributing to MS disease processes [83, 84]. Further-
more, plasma IL-6 levels may be a marker of skeletal
muscle-controlled metabolic regulation. IL-6 has both
paracrine and endocrine effects. IL-6 may influence the
release of more IL-6 from local skeletal muscle [85], or
it may circulate and influence hepatic glucose release
[86]. Also, when glucose reliance reduces, resting basal
IL-6 concentrations have been reported to decrease with
training [87]. As a result, reductions in IL-6 may repre-
sent a training response and may reflect metabolic altera-
tions. More investigations that clearly determine the
impact of variations in IL-6 in MS patients would be
beneficial.

Recent studies demonstrate that TNF-a may be neuro-
protective by increasing the proliferation of oligodendro-
cytes and stimulating remyelination [82, 88, 89], despite
the fact that it has been connected to MS-related inflam-
matory demyelination [90-92]. In fact, intravenous anti-
TNF-a medication proved ineffective in MS patients and
may have worsened their symptoms [88, 93]. As a result,
resolving TNF-o’s paradoxical involvement in disease
activity is challenging. One reason might be the occur-
rence of two distinct signaling pathways mediated by two
distinct TNF-a receptors (p55 and p75) [88, 89]. Exercise
may cause activation of the "good" inflammatory TNEF-
a-p75 receptor pathway, which stimulates cell growth
and proliferation [88]. All of these data suggested that
TNF-a plays a critical part in the disease progression of
MS and that blocking its effects may lower the severity of
MS symptoms. TNF-« inhibitors are being employed as
an effective treatment option in a variety of autoimmune
and inflammatory conditions [94]. Remarkably, none of
the previous trials and investigations supported the use
of anti-TNF drugs in MS.

As previously explained, PwMS hesitated to do exer-
cises for a long time because they feared disease exacer-
bation [95]. Our study revealed that IL-6 and TNF-alpha
levels insignificantly decrease after the acute phases of
acute physical exercises. As the relapse phase of RRMS
patients is associated with higher IL-6 and TNF-alpha
levels than healthy controls [96], this might imply the
anti-inflammatory effect of physical activity and its
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protection from disease exacerbation in patients. How-
ever, neurologists should take caution when recommend-
ing PwMS to exercise, as aggressive training could result
in excess heat and injuries. These factors are associated
with disease exacerbation in these people [97, 98]. If pre-
scribed cautiously, physical activity can lead to a better
quality of life in PwMS [99].

The limitations of the current meta-analysis reflect the
limitations of the available studies investigating the effect
of exercise on PWwMS. Most studies enrolled small num-
ber of patients and involved short-term interventions
(less than 26 weeks), with different types of exercise.
Moreover, most recruited patients had low levels of dis-
ability (EDSS scores of<4) and relapsing—remitting MS,
not presenting medical comorbidities, decreasing the
potential generalizability of the findings.

Further investigations, including a more significant
number of patients with diverse forms of MS, are nec-
essary to confirm these findings. These approaches can
improve the overall quality and scope of the evidence on
MS rehabilitation research.

Conclusion

Among adult individuals with MS, both acute and regu-
lar exercise did not deteriorate but positively impacted
two cytokines, namely, IL-6 and TNF-« levels in PwMS.
Given this, the present systematic review and meta-
analysis support the benefit of acute and regular exercise
among PwMS. According to the results of our study, on
a molecular basis, exercise does not result in a disturbed
and inflammatory immune system in PwMS, and even
lead to a reduction in TNF-a. These findings are in con-
trary to the belief of some neurologists and patients.
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