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The World Health Organization in 2002 defined probiotics as “living organisms in food and dietary supplements that

upon ingestion can improve the health of the host beyond their inherent basic nutritional content”. Naturally

presents in fruits, raw vegetables, dairy products (in particular fermented ones), they are an integral part of the gut

microbiota as a component of commensal flora. The main probiotic microorganisms used in human nutrition are

lactic acid bacteria such as Lactobacillus and Bifidobacterium.
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1. Introduction

The World Health Organization in 2002 defined probiotics as “living organisms in food and dietary supplements that

upon ingestion can improve the health of the host beyond their inherent basic nutritional content” . Naturally

presents in fruits, raw vegetables, dairy products (in particular fermented ones), they are an integral part of the gut

microbiota as a component of commensal flora. The main probiotic microorganisms used in human nutrition are

lactic acid bacteria such as Lactobacillus and Bifidobacterium .

Compared with healthy people, patients with chronic inflammatory diseases, in particular rheumatoid arthritis (RA)

and spondyloarthritis (SpA), have an altered gut microbiota called dysbiosis with an increased permeability

allowing luminal antigens or bacteria to interact with the host immune system more readily . This gut

inflammation correlates with systemic inflammation and could be a trigger in developing some autoimmune

diseases and participating in their severity .

Evidence from mice and human studies revealed that probiotics modulate locally and systemically the immune

system, leading to a reduction in mucosal inflammation and pro-inflammatory cytokines . They also alleviate joint

inflammation in mice . They can access the intestinal mucosal immune system, persist for a certain amount of

time, and initiate a specific immune response. The interaction between probiotic strains and enterocytes is

important for the controlled production of cytokines and chemokines secreted by epithelial cells. Indeed, it has

been shown that some probiotic organisms can modulate the in vitro expression of pro- and anti-inflammatory

molecules in a strain-dependent manner. Indeed, treatment with some Lactobacillus strains reduced gut

permeability and decreased arthritic severity . The impact of probiotics has already been well studied in

atopic diseases and Crohn’s disease, for which they have not shown any real benefit.
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Today, the growing interest of patients in the use of complementary therapies is justified by the existence of

numerous side effects of usual disease-modifying anti-rheumatic drugs (DMARDS) and symptomatic treatments

such as non-steroidal anti-inflammatory drugs (NSAIDs) and glucocorticoids (GCs). Probiotics could represent an

alternative and complementary therapy to the standard drugs we already use to control rheumatic activity.

However, the effect is not well documented in patients suffering from RA, SpA or psoriatic arthritis (PsA), especially

recently, where studies are rare.

The available data from randomized controlled trials are highly heterogeneous in terms of the populations included,

the characteristics of the rheumatism, and the results regarding activity scores and inflammatory markers. The

three meta-analyses published attempted to provide conclusions on the efficacy of probiotics in patients with

inflammatory rheumatism, with disease activity score in 28 joints (DAS28) and C-reactive protein (CRP) as the

common primary endpoints. Two focused on RA, and the third included patients with SpA and juvenile idiopathic

arthritis (JIA). The number and type of studies included as well as the population studied were therefore not

homogeneous, and the results are discordant and difficult to interpret.

2. Discussion

A recent meta-analysis in 2020 reported significant effects in the reduction of blood pressure, lipid profile, BMI and

serum glucose . Other evidence has shown their power of reducing intestinal permeability and modulating

immune function through direct interaction with the mucosal immune system . Immunological studies

revealed that probiotics have dose and duration-dependent immunomodulatory effects on B and T cell proliferation

and affect pro-inflammatory and anti-inflammatory cytokine regulation . Probiotics administration can restore the

normal mucosal barrier function through keeping the balance between intestinal microflora and resistance against

harmful bacterial colonization, adherence and translocation . These effects are dependent on the species and

strain of bacteria . For instance, oral administration of Lactobacillus rhamnosus attenuates various types of

experimental arthritis . Increasing evidence suggests that gut dysbiosis in RA and SpA patients favors

inflammation, participating in disease activity and severity . However, the data on gut microbiota composition

are controversial and the strains contained in probiotics are not specifically decreased.

Concerning RA, although a statistically significant decrease in CRP was identified, cautious interpretation is

required before inferring clinical significance. First, the reduction in CRP with a MD (95% CI) of −3.04 mg/L (−4.47

to −1.62 mg/L) may not represent a clinically meaningful change. On the other hand, some studies reported normal

baseline values of both CRP and ESR, but they did not provide the data and it could not be extracted a posteriori.

That may partially explain the absence of significant results regarding DAS28, of which inflammatory markers are

one of the components. This systematic review of the literature provided very different baseline characteristics and

inclusion criteria for both RA and SpA patients; e.g., only women were included in Alipour et al. , the minimum

duration of disease progression at inclusion was variable, it had to be either more than 6 months for Zamani’s et

al., more than 2 years for Vadell et al., one year for the others or unspecified. Despite this, the average disease

duration was more than 5 years in all studies, provided longstanding RA and SpA. Therefore, as studies did not

provide newly diagnosed RA and SpA, the results cannot be extrapolated to this population. Another limitation of
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this meta-analysis is the small sample size, which may affect the reliability and validity of the results. Besides, four

studies were monocentric , once again limiting the generalization of the results. Those are important

limitations to propose the routine use of probiotics in patients with RA.

Concerning DAS28, three studies showed a significant improvement comparing probiotic supplementation with

placebo, but results concerning TJC and SJC are not clinically pertinent . In fact, in Alipour et al., patients

in both groups had no or few TJC or SJC. It is important to note that studies included in meta-analyses for

evaluation of DAS28, TJC, SJC, CRP, ESR and HAQ are different, which affects the comparability of the results.

Furthermore, the control group was different with two studies comparing probiotics with another dietary

intervention, no significant effect on DAS-28, CRP, ESR, TJC and SJC was observed in these trials, suggesting a

potential confusion bias. Finally, we may suggest that it is not surprising that meta-analysis of Rudbane et al.

reports a significant improvement of DAS28 by the fact that the only two studies which reported significant findings

were included.

Concerning meta-analyses, as a primary outcome, we analyzed the variation of the values before and after

supplementation, as Mohammed et al. and Rudbane et al. did, whereas Lowe et al., who reported significant

results, compared final values between each group. This limits their results, as values before intervention were not

the same. The strengths of our meta-analysis are that we compared variations in outcome measures (such as

DAS28 and CRP) between the two groups and included only studies which were RCTs with low or moderate risk of

bias and homogeneous disease populations and added new studies. We were interested in three types of

rheumatism because they are the focus of most of the literature data currently available on probiotics and

represent the largest proportion of patients with inflammatory rheumatic disease. Concerning DAS28 and CRP,

Alipour et al. was excluded from our analysis as the results were not reported in intention to treat. In Vadell et al.

and Nenonen et al., an additional dietary intervention was performed which could influence the results, motivating

us to exclude them from the meta-analysis. Inclusion of Alipour et al. did not change the results for DAS-28 (SMD

(95% CI) of −0.59 (−1.55 to 0.37), p = 0.23; I  = 89%; n patients = 189) (data not shown). Furthermore, inulin

supplementation (prebiotic) in Zamani et al., 2017 may allow better engraftment of probiotics in the gastrointestinal

tract compared to isolated probiotics.

Another strength of our meta-analysis is its methodological quality. We used the “A MeaSurement Tool for

Assessing systematic Reviews” (AMSTAR2), designed to carry out rapid and reproducible assessments of the

quality of conduct of systematic reviews of RCTs. It represents one of the most widely used instruments to date.

Analysis of the methodological quality according to this tool revealed that it was critically low for the three previous

meta-analyses. Ours had the advantage of being of higher quality because we removed RCTs at high risk of bias

and conducted an adequate investigation of publication bias.

The results of Egger’s test revealed the absence of publication bias for DAS28 (p value = 0.96) and a publication

bias for CRP (p value = 0.02). This bias disappeared when sensitivity analyses were performed by removing the

studies of Pineda et al. (p value = 0.07) or Mandel et al. (p value = 0.08) (data not shown). Ours to date is the only

meta-analysis clearly describing publication bias regarding probiotics supplementation in RA, from which it is
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possible to conclude the reliability of the results regarding DAS28. The search for publication bias was theoretically

limited by the small number of RCTs available in the literature, but our search strategy was intended to be as

complete as possible, including searching for conference abstract data. The number of RCTs included is consistent

with previous meta-analyses or higher. This limits the risk of not having included relevant RCTs.

Regarding spondyloarthritis, only two RCTs assessed the efficacy of probiotics supplementation versus placebo on

SpA activity. No significant decrease of activity score or well-being was found. It is important to note the disparity

between the type of patients included, from peripheral phenotype to ankylosing spondylitis and sacroiliitis

confirmed by MRI. It would have been interesting to evaluate the effect of probiotic supplementation in a more

homogeneous group of patients because these phenotype differences may have affected the final results. More

studies are needed to assess the efficacy of probiotics in this selected population.

Tolerance data are reassuring; however, adverse events were not primary endpoints, therefore this data may have

suffered from a lack of collection and precision in its measurement. All studies reported an excellent observance

except that of Brophy et al., which suffered from less than 70% of tablets being taken.

Furthermore, it has been shown that drugs influence the intestinal microbiota composition and as such might

impact response to probiotics. At baseline, in general, stable antirheumatic medication between one and three

months before inclusion were one of the inclusion criteria in RA studies. Almost all patients with RA appeared to be

treated with either DMARD or symptomatic treatments such as glucocorticoids or NSAIDs. Only two studies specify

the proportion of patients not taking any medication, that of Mandel et al. where it was equal to 6% in the probiotic

group (n = 1/15) and 7% in the control group (n = 1/14), and Pineda et al. with 4% in the probiotic group (n = 1/23)

and 13.6% in the control group (n = 3/22). However, most of the studies did not mention whether any modification

of medication occurred during follow-up, especially biological DMARD (bDMARD), corticosteroids and NSAIDs use,

which would be important confounding factors. Disparity in publication years also influence the medications taken

by patients, in particular bDMARD. Baseline rheumatism activities were also very different between studies, which

influences microbiota composition and possibility of activity variations with intervention.

It is currently difficult to conclude whether probiotics are efficient or not because of a high heterogeneity in studies’

design due to the use of different strains, quantities and duration of supplementation. In regard to the heterogeneity

present between the RCTs, a large heterogeneity exists between the previous meta-analyses, which can explain

the differences in their results concerning the DAS28 and the CRP. Indeed, the main limitation is the wide variety of

probiotic strains, administration dose and duration among studies with insufficient power to perform subgroup

analysis. No study argued for the dosage of probiotics based on a possible pathophysiological rationale or

evidence-based medicine. In addition, strains were not adapted to the profile of the patient’s initial microbiota; if

they were targeted to a possibly deficient one it would have been interesting to see if the effect was significantly

increased, which is currently analyzed with the new generation probiotics.
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