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Abstract Rheumatoid arthritis is an autoimmune disease in
which probiotics appears to have an immune modulating ac-
tion along with decreased inflammatory process. Therefore,
we aim to investigate the efficacy of probiotics as an adjuvant
therapy for rheumatoid arthritis. A comprehensive literature
search was performed using nine databases including PubMed
and Web of Science. Interesting data was extracted and meta-
analyzed. We assessed the risk of bias using Cochrane
Collaboration’s tool. The protocol was registered in
PROSPERO (CRD 42016036769). We found nine studies
involving 361 patients who met our eligibility criteria. Our
meta-analysis indicated that pro-inflammatory cytokine IL-6
was significantly lower in the probiotics compared with the
placebo group (standardized mean difference = — 0.708; 95%
confidence interval (CI) — 1.370 to 0.047, P = 0.036).
However, there was no difference between probiotics and pla-
cebo in disease activity score (mean difference 0.023; 95% CI
— 0.584 to 0.631, P = 0.940). Probiotics lowered pro-
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inflammatory cytokines IL-6 in RA; however, its clinical ef-
fect is still unclear. Hence, many high-quality randomized
controlled trials (RCTs) are still needed to prove this effect.

Keywords Cytokines - Disease activity score -
Meta-analysis - Probiotics - Rheumatoid arthritis - Systematic
review

Introduction

Rheumatoid arthritis (RA) is an autoimmune systemic inflam-
matory disease that affects multiple joints of the body causing
erosion of cartilage, bone, and eventually joint deformities [1,
2]. The prevalence of rheumatoid arthritis ranges from 0.5 to
1% among adults worldwide, with a female-to-male ratio of
2:1 to 3:1 [3-5]. Despite the cumulative intensive work and
reporting of many factors that can significantly contribute to
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initiation and propagation of RA, the exact etiology and phys-
iopathology are still unknown [4, 6].

Human studies have shown some evidence of a relation-
ship between altered intestinal microbiota and the develop-
ment of RA [7, 8]. A study comparing germ-free rats with
those raised under conventional conditions shows that the
germ-free rats were vulnerable to development of a relatively
more severe RA than those that were grown under conven-
tional conditions which showed lesser incidence and milder
disease [9]. Furthermore, it had been shown that 20% of pa-
tients with bowel inflammation in the form of Crohn’s disease
and ulcerative colitis developed joint inflammation [10].
These findings support the hypothesis that altered microbiota
may have a role in RA development. Moreover, some studies
indicate that fasting and vegan diet are associated with de-
creased RA activity, which can be attributed to altered gut
microbes as well [11, 12]. It is suggested that patients with
inflammatory arthritis have a high gut permeability, which
allows more bacteria to enter the bloodstream [13]. The anti-
gens of these bacteria are expected to trigger an immune re-
sponse and, consequently, take a role in the pathogenesis of
some autoimmune diseases including RA [14, 15].

Probiotics, administrated live microbiota, are not only used
to balance the gastrointestinal microbes but also have been
suggested to be useful in controlling several disorders.
Among all reported advantages of probiotics, regulation of im-
mune system function remains the most beneficial function of
probiotic bacteria. This effect on the immune system is different
regarding the strain of the probiotic bacteria; some are used to
stimulate the immune response and therefore can be beneficial
for patients suffering from immune deficiencies, and some in-
hibit or down regulate the immune response and therefore can
be beneficial for patients suffering from increased the immune
response like RA [16, 17]. Probiotics have a large safety margin
with minimal reported complications like constipation, nausea,
and thirst [18]. Administration of probiotics, in a limited num-
ber of animal and human studies, has improved clinical mani-
festations, reduced pro-inflammatory cytokines, and increased
regulatory cytokines [19, 20]. The anti-inflammatory effect of
some strains of macrobiotics raised the question of whether
these strains can alleviate the symptoms of RA. Securing the
gut microbiome and solving the mystery of leaky gut syn-
dromes can be a milestone on the path of providing highly
effective and less-side-effect drugs that decrease RA activity
[21]. In this study, we aim to systematically review and meta-
analyze all relevant published clinical trials to investigate the
effectiveness of probiotics in the treatment of RA.

Methods

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

@ Springer

(PRISMA) statement [22] (Supplementary PRISMA checklist
S1). The study protocol was registered in PROSPERO (CRD
42016036769). The design does not require ethical approval
according to our institution policy.

Eligibility criteria

We included any randomized or quasi-randomized clinical
trial that discusses the efficacy of probiotics on humans as a
treatment for RA. No restriction was taken regarding certain
population, race, place, sex, age, ethnicity, language, or pub-
lication date. We excluded case reports, case series, letters,
editorial comments, thesis, reviews, book chapters, news, or
only abstracts. We also excluded papers if their data cannot be
extracted.

Search strategy and study selection

A comprehensive literature search for relevant articles was
performed up to October 2015 then updated in February
2017 using PubMed, Scopus, Web of Science (ISI), Google
Scholar, Popline, Global Health Library (GHL), Virtual
Health Library (VHL) including Cochrane database, NYAM
(New York Academy of Medicine), and SIGLE (System for
Information on Grey Literature in Europe). The used search
string was ((“Rheumatoid arthritis” OR ““atrophic arthritis”)
AND (probiotics OR probiotic OR “faecal transplantation”
OR “fecal transplantation” OR “feces transplantation” OR
“faeces transplantation” OR “stool transplantation” OR
“bacillus coagulans” OR microbiota OR excreta OR acidoph-
ilus OR prebiotic OR prebiotics OR lactobacillus OR
microbiome OR flora OR microflora). This string was modi-
fied to match each database. A manual search was carried out
through screening the references of the included studies and
searching in the journals of nutrition and immunologic dis-
eases. Search results were retrieved and duplicates were re-
moved using EndNote X7.4 software for Windows. Three
independent reviewers screened the proposed articles in order
to include the relevant ones according to our inclusion and
exclusion criteria. Screening title and abstract took place ini-
tially followed by full-text screening. Disagreement was re-
solved by discussion and consensus between reviewers and
senior researchers.

Data extraction

Three independent reviewers extracted the data of interest
from the included articles using the standardized extraction
form. Any discrepancy was resolved by discussion to reach
the consensus. The extraction form was developed by a pilot
extraction of three randomly selected papers performed by all
authors. The extracted variables included demographics of the
included patients. We extracted clinical and laboratory
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variables that assess the state of RA as disease activity score
(DAS), health assessment questionnaire (HAQ), tender joints
count (TJC), and swollen joints count (SJC). The level of C-
reactive protein (CRP) and erythrocyte sedimentation rate
(ESR) were extracted as well. In order to assess the inflam-
matory process and immunity, the pro-inflammatory cyto-
kines like interleukin 13 (IL-1(3), IL-6, IL-12, and tumor ne-
crosis factor-o (TNF-«) were extracted. Also, IL-10 was
assessed as an anti-inflammatory cytokine. If data was pre-
sented as graph only, it was extracted using PlotDigitizer soft-
ware (http://plotdigitizer.sourceforge.net/).

Risk of bias assessment

Three independent authors assessed the risk of bias in the
included RCTs using the Cochrane Collaboration’s tool for
risk of bias assessment. Any disagreement between them
was resolved by discussion. Accordingly, seven items, ran-
dom sequence generation, blinding of participants and person-
nel, incomplete outcome data, allocation concealment, selec-
tive outcome reporting, blinding of outcome assessments, and
other risks of bias, were assessed.

Statistical analysis

Meta-analysis was performed by Comprehensive Meta-
Analysis software (version 2). Fixed-effect model was used
if there is no significant heterogeneity. In the case of signifi-
cant statistical or clinical heterogeneity, random effect model
was manipulated. Statistical heterogeneity was assessed using
X test and I statistics. Significant heterogeneity was consid-
ered when y? test has a P value < 0.1 or /? test value > 50%. In
the case of continuous data, mean difference (MD) along with
95% confidence interval (95% CI) were used in case of iden-
tical scales across studies; otherwise, standardized mean dif-
ference (SMD) was used. Sensitivity analysis was performed
to examine the effect of one study removal on the results.

Results
Search results and characteristics of included studies

The initial search of different databases, mentioned before,
had identified 1948 reports from which 625 reports have been
excluded by EndNote software as duplicates. The titles and
abstracts of the remaining 1323 reports were screened. The
full texts of the 60 reports, included from the title and abstract
screening, were screened for eligibility criteria. After exclu-
sion of 53 reports, we had seven papers for reviewing. The
updated search revealed 368 reports of which two papers were
added to the final included papers. The manual search of ref-
erences of the included papers did not include any further

papers. The meta-analysis was done on six papers (Fig. 1).
The total number of patients with RA in the included studies
was 361 patients. The six papers of meta-analysis compared
probiotics (with 120 patients) with placebo (with 126 pa-
tients). Hatakka et al. [23] used Lactobacillus rhamnosus as
a probiotic, Mandel et al. [24] used Bacillus coagulans,
Alipour et al. [25] used Lactobacillus casei, Pineda et al.
[26] used Lactobacillus rhamnosus and Lactobacillus reuteri,
and Zamani et al. [27] used Lactobacillus acidophilus,
Lactobacillus casei, and Bifidobacterium bifidum. The three
papers were not included in the meta-analysis due to inconsis-
tency with other papers and using different variables in
assessing RA. One paper investigated the effect of probiotics
on oxidative stress indices in RA patients [28], and the other
two papers investigated the effect of diet rich in Lactobacillus
on RA [29, 30]. Table 1 represents the characteristics and
demographic data of the included papers.

Risk of bias assessment

The risk of bias assessment is illustrated in Fig. 2 and
Supplementary Table S2. The assessment of results indicated
that the quality of included papers ranges from moderate to
high. Some key variables that should be present in such stud-
ies were not adequately reported like DAS and HAQ score
which were neglected by some studies. The most items with
high risk of bias is selective reporting and incomplete outcome
data.

Outcomes

Any variable represented by two or more papers was eligible
for meta-analysis. The meta-analyzed variables were DAS,
CRP, ESR, HAQ, SJC, TIC, and cytokines (IL1p, IL6,
IL10, IL12, and TNF-). Table 2 represent the meta-analysis
results of these variables.

Regarding DAS, there was no difference between probiotic
group and placebo group (MD 0.023, 95% CI — 0.584 to
0.631, P =0.940) (Table 2 and Fig. 3a).

Other clinical variables like HAQ, SJC, and CRP did not
show a significant difference between both groups as shown
from the pooled MD of the three variables, respectively (MD
—0.108,95% CI—0.229 t0 0.013, P=0.081; MD 0.171, 95%
CI—-0.3911t00.733, P=0.551; MD — 1.401, 95% CI — 4.062
to 1.261, P=0.302) (Table 2 and Fig. 3b) (Supplementary Fig.
S3).

Interestingly, IL-13 showed a significant increase in the
placebo against probiotics after removal of Hatakka et al.
[23] (MD — 8.106, 95% CI — 13.843 to 2.369, P = 0.006)
compared with no difference with including Hatakka’s results
(SMD 0.056, 95% CI — 0.995 to 1.107, P = 0.916) (Table 2)
(Supplementary Table S4 and Fig. S5). IL-6 showed a signif-
icant difference between both groups (SMD — 0.708, 95% CI

@ Springer
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Fig. 1 Flow chart illustrating the
sequence procedure of including
articles
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— 1.370 to 0.047, P = 0.036) (Fig. 3c), and this significant
decrease in probiotics group remained after the removal of
the results of Hatakka et al. [23], Pineda et al. [26], or
Shukla et al. [31] (Table 2) (Supplementary Table S4). IL-10
did not have any difference between both groups (SMD 0.599,
95% CI — 0.719 to 1.917, P = 0.373) (Table 2)
(Supplementary Table S4 and Fig. S5).

Discussion

Probiotics have been discussed as an adjuvant safe therapy of
RA in many studies. They have shown a potential effect on
RA. This potential effect acts mainly on the imbalance in
cytokine level in RA patients. This imbalance of cytokine
production leads to induction of inflammation and other
immunity-related diseases. RA can be produced as a result
of overproduction of pro-inflammatory cytokines like
TNF-«, IL-1, and IL-6 and decrease in the production of

@ Springer

anti-inflammatory cytokines like IL-10. Subsequently, the
pro-inflammatory cytokines have an important role in the
pathogenesis and assessment of the disease activity and in-
flammatory status [32].

The elevation of IL-6, as a pro-inflammatory cytokine, cor-
relates with joints destruction and the progression of the dis-
ease [33]. In our case, IL-6 showed a significant decrease in
probiotics group comparing with placebo. This significance
was confirmed by the removal of Hatakka’s or Pineda’s re-
sults. Therefore, probiotics can show a potential therapeutic
effect for RA based on IL-6 level. Regarding other pro-
inflammatory cytokines, there was no significant difference
between probiotics and placebo which gives rise to a contro-
versy about the effect of probiotics.

After sensitivity analysis, the pro-inflammatory cytokines,
except for TNF-« and IL-12, showed a significant decrease in
the probiotics group comparing with placebo which indicates
a positive effect of probiotics in improving the pathogenesis of
RA. This is justified by the shifting in the results occurred by
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Fig. 2 Summary of risk of bias
assessment according to
Cochrane Collaboration tool

Random sequence generation (selection bias)

Allocation concealment (selection bias) _ I
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Blinding of outcome assessment (detection bias)

=

Incomplete outcome data (attriton bias) [ |
Selective reporting (reporting bias) |
Other bios [

0% 25% 50% 75%  100%

. Low risk of bias

|:| Unclear risk of bias . High risk of bias

Hatakka et al. [23], which has a small number of patients and
very weak power with a weak presentation of data. This also
indicates that this significance is not convinced and needs
more studies to be confirmed.

The effect of the pro-inflammatory cytokines is antago-
nized by the anti-inflammatory cytokines like IL-10. So in-
crease in the level of IL-10 would restore the balance and
control of the inflammatory progress [33]. In our study, the

regulatory cytokines IL-10 did not show a significant increase
in the probiotics group over the placebo.

The absence of significance for many clinical and lab-
oratory variables was mainly due to large variability be-
tween studies. This can be justified by the usage of dif-
ferent strains of probiotics which affects the immunolog-
ical response derived from each study. Also, the dosages
used in these studies were different from each other. The

Table 2 Meta-analysis of the

change in the clinical and Variable ~ Number of  Total sample Heterogeneity Model Overall effect
laboratory parameters in studies size Probiotics/placecbo  ———
rheumatoid arthritis patients P I& P Mean difference
value value  (95% CI)
DAS 3 67/65 0.025 73 Random 0940  0.023 (— 0.584 to
0.631)
CRP 5 96/95 <0.001 823 Random 0.134 —2.660 (—6.144
to 0.823)
HAQ 2 23/24 0.806 0 Random 0.081 —0.108 (—0.229
t0 0.013)
ESR 4 65/64 0.032 66.0 Random 0.565 1.861(—4.481to
8.202)
SJC 5 96/95 0.070 53.9 Random 0.551 0.171(=0.391to
0.733)
TiC 5 96/95 0.007 71.5 Random 0437 0379 (—0.578 to
1.336)
IL-1B 3 43/44 0.006 80.4 Random 0916 0.056" (- 0.995
to 1.107)
IL-6 4 64/63 0.028 669 Random 0.036 —0.708"
(- 1.370 to
0.047)
IL-10 4 64/63 <0.001 912 Random 0.373  0.599% (- 0.719
to 1.917)
IL-12 3 43/44 0 927 Random 0.754 —0.287 (—2.087
to 1.512)
TNF-a« 4 64/63 0.001 80.5 Random 0.831 —0.092*
(—0.940 to
0.756)

Effect measure was calculated as mean difference with 95% confidence intervals (95% CI). Heterogeneity is

measured using x* test and /* test

#Data presented as standardized mean difference (95% CI)
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A

Study name Statistics for each study Sample size Difference in means and 95% CI
Difference Standard Lower Upper Relative Relative
in means error Variance limit limit Z-Value p-Value Probiotics Placebo weight weight
Alipour 2014 -0.410 0.375 0.141 -1.145 0.325 -1.093  0.274 22 24 27.66
Pineda 2011 0.800 0.367 0.135  0.080 1.520 2.178  0.029 15 11 28.14
Zamani 2016 -0.200 0.103 0.011 -0.402 0.002 -1.936  0.053 30 30 44.20
0.023 0.310 0.096 -0.584 0.631 0.075  0.940 67 65
-2.00 -1.00 0.00 1.00 2.00
B Probiotics Placebo
Study name Statistics for each study Sample size Difference in means and 95% CI
Difference Standard Lower Upper Relative Relative
in means error  Variance limit  limit Z-Value p-Value Probiotics Placebo weight  weight
Mandel 2010 0.011 0.312 0.097 -0.601  0.623 0.035  0.972 22 22 e 30.06
Hatakka 2003 -2.100 2.199 4.836 -6.410 2210 -0.955  0.340 8 13 1.64
Pineda 2011 0.960 1.559 2.430 -2.095 4.015 0.616  0.538 15 11 — 3.15
Zamani 2016 -0.370 0.414 0.171 -1.181 0441 -0.894  0.371 30 30 En®, o 23.66
Shukla 2016 0.625 0.149 0.022 0333 0.917 4.190  0.000 21 19 O 41.48
0.171 0.287 0.082 -0.391 0.733 0.596  0.551 96 95 ’
-8.00 -4.00 0.00 4.00 8.00
C Probiotics Placebo
Study name Statistics for each study Sample size Std diff in means and 95% CI
Std diff Standard Lower Upper Relative Relative
in means error Variance limit limit Z-Value p-Value Probiotics Placebo weight weight
Alipour 2014 -0.797 0.307 0.094 -1.398 -0.196 -2.600  0.009 22 24 e 28.95
Hatakka 2003 -0.341 0.531 0.282 -1.381 0.699 -0.642  0.521 6 9 19.61
Pineda 2011 -0.001 0.397 0.158 -0.779 0.777 -0.003  0.998 15 11 24.93
Shukla 2016 -1.548 0.361 0.130 -2.256 -0.841 -4.291 0.000 21 19 26.51
-0.708 0.338 0.114 -1.370 -0.047 -2.098  0.036 64 63 <
-4.00 -2.00 0.00 2.00 4.00
Probiotics Placebo

Fig. 3 Forest plot of the change in the clinical and laboratory parameters between probiotics and placebo. a Change in the DAS score. b Change in the

SJC. ¢ Change in IL-6 level

inflammatory parameters CRP and ESR did not show
enough difference between probiotics and placebo. Some
groups showed normal baseline values of both CRP and
ESR which indicates stability of patients’ conditions. This
made it hard for probiotics to produce a change in inflam-
matory parameters and can explain these results. Also,
clinically HAQ which is validated measure in assessing
patient status and activity [34] along with DAS did not
show a significant difference, but these two variables need
to be assessed in more studies. Probiotics could not pro-
duce a significant difference regarding oxidative stress in
RA [28]. It was only for a short term, about 8 months, and
against the results of many previous studies. So, long-
term trial is needed to accurately provide an evidence
for oxidative stress.

Diets rich in probiotics have shown the ability to re-
lieve the symptoms of RA patients and also shown an
affection against gut defense mechanisms [29, 30]. This
relationship between probiotics and RA is mainly attrib-
uted to the dysregulation of gut mucosal barrier mecha-
nisms [7]. Gut is the main reservoir of antigens and toxins
especially the large intestine. The internal environment is
protected from these harmful antigens by various physi-
cal, biological, and immunological defense mechanisms
[35]. Dysregulation of these defense mechanisms and dis-
turbance of immune response may contribute to the

@ Springer

development of autoimmune discases like RA [36].
Probiotics administration can restore the normal mucosal
barrier function [29] through keeping the balance between
intestinal microflora and resistance against harmful bacte-
rial colonization, adherence, and translocation. Probiotics
can also promote mucus secretion from intestinal epithe-
lial cells enhancing the physical barrier function [35]. The
same mechanism should be examined in other autoim-
mune diseases in which it can lead to a new strategy
and revolution in this field [37].

Strengths

This is the first systematic review and meta-analysis that
discusses the role of probiotics as an adjuvant therapy for
rheumatoid arthritis. So our results are more reliable and
evident than separated studies. Also, RCTs were only in-
cluded which have a relatively good quality; therefore, we
can rely on their results.

Limitations

Our limitations are the small sample size which can affect the
reliability and validity of the results. Also, we had a small
number of RCTs which is eligible for analysis with high het-
erogeneity which affects the conclusion of our study and
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Table 3 Guidelines for future
trials investigating the effect of
probiotics in rheumatoid arthritis
patients

Population
Patient demographics Document to control for factors that affect morbidity
Enrolled patients Patients enrolled in the study should be diagnosed as rheumatoid
arthritis using American College of Rheumatology (ACR) criteria
Differentiate patients and outcomes according to severity and activity of
rheumatoid arthritis
Differentiate according to the type and dose of probiotics
Design details
Sampling The sample size should be appropriate and calculated with 5% type I error rate
and 20% type II error rate. Considering a dropout rate of 10% is advisable
Randomization A computer-generated stratified randomization should be used to assign
patients to each group and stratification should be made according to type
and dose of probiotics classification
Blinding Blinding at the level of both outcome assessors and participants (double
blinding)
Allocation Allocation should be concealed from each patient
Multicenter Recruitment of more than 5 large academic centers able to host data
coordinating center
Follow-up Follow-up at multiple points 30 days and 3 months, 6 months, and 12 months
for all outcomes through a clinical visit
Report the follow-up lost patients with the reason for each lost patient
Study arms
Probiotics Should use different doses of probiotics to report the efficacy of it using
10% 10%, 10'° CF
Should use different species of probiotics especially Lactobacillus including
the strains
L. rhamnosus, L. casei, and L. reuteri and Bacillus including B. coagulans
Placebo Patient should not have intra-articular injection or other treatments of RA like

Active control

Combined therapy
Duration of therapy
Outcomes

Quality of life
DAS
Morning stiffhess

Pain

C-reactive protein
and ESR

Interleukins

Swollen and tender joint

counts

Financial aspect

Morbidity
Mortality

DMARDs

Patients should choose a treatment strategy according to the severity of RA like
DMARD:s, corticosteroids, etc.

Patient received both probiotics and active control
Should continue the therapy for at least for 12 weeks

Should report each outcome at the baseline and at each time point along with
the change of each time point from the baseline

Assess the quality of life using health assessment questionnaire (HAQ)
Use disease activity score to report clinical symptoms of theumatoid arthritis

Time and duration of morning stiffness should be calculated by an independent
blinded physician

Should be measured using visual analog pain score

Should be measured at each time point by independent blind laboratory

Should investigate and report IL-1 ( and f3), IL-6, IL-8, IL-10, IL-12, IL-15,
IL-17, TNF-&, GM-CSF, G-CSF, sCD40 ligand, MIP-1a, MIP-1b, MCP-1

Should be measured at baseline and each time point along with the change
from baseline to each time point

Should be measured and reported by an experienced independent blinded
physician

Report the cost and financial value of the probiotics compared with other
groups

Detect all the complications that appeared during the follow-up period

Report the cause of death and whether related to the rheumatoid arthritis
or probiotics in each patient

@ Springer
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prohibits us from assessing the publication bias. Usage of
different strains and dosages in each study is another limita-
tion. So, we enhance future RCTs in this area because it still
needs much more studies and evaluation in order to specifi-
cally recognize this relationship which may lead to a new
strategy in the treatment of autoimmune disease. Table 3 high-
lights the items that should be covered in the future ideal RCTs
that investigate the efficacy of probiotics as a dietary supple-
ment for RA.

Conclusion

Probiotics lowered the pro-inflammatory cytokine IL-6,
which is an indicator for joint destruction in RA; however,
the clinical effect of probiotics is still unclear. Therefore, this
study area still needs more high quality, suitably powered
RCTs in order to reach the exact effect of this promising treat-
ment for rheumatoid arthritis patients.
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