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Abstract

Purpose of Review The purpose of this review is to frame the
discussion of the potential use of probiotics for the manage-
ment of theumatoid arthritis (RA) in the historical and scien-
tific context linking the human microbiota to the etiology,
pathogenesis, and treatment of RA. Given this context, the
review then details the clinical trials that have been carried
out so far that have tried to address the question.

Recent Findings A variety of laboratory and clinical observa-
tions link the flora of the oral cavity and lower gastrointestinal
tract with citrullination, as well as immunological alterations
that may contribute to the risk of developing RA. Clinical
trials to date have been small and mostly short term.
Summary Statistically significant change in certain disparate
clinical endpoints has been reported, but these endpoints have
varied from study to study and have been of limited clinical
significance. No consistent, robust impact on patient reported,
or laboratory outcome measures has emerged from clinical
trials so far. There remain theoretical reasons to further inves-
tigate the use of probiotics as adjunctive therapies for autoim-
mune disease, but changes in trial design may be needed to
reveal the benefit of this intervention.
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Introduction

The concept that microorganisms play a role in the etiology,
pathogenesis, and treatment of rheumatoid arthritis (RA) has
been advanced for over one hundred years [1¢]. Initial propo-
nents espoused the view that microbes in the oral cavity could
play a role in a variety of diseases [2], but millennia before
bacteria were discovered, ancient healers speculated about the
relationship between oral health and disease elsewhere in the
body. Hippocrates himself observed that a case of rheumatism
was cured by tooth extraction long before it became fashion-
able in the early twentieth century to remove teeth as a treat-
ment for RA [3].

Our understanding of the relationship between the bacteria
present not only in our mouths but throughout the gastrointes-
tinal tract and elsewhere, the human microbiome, and our state
of health and disease has become considerably more sophis-
ticated in recent decades. The human microbiome is a term
that encompasses all microorganisms living in and on the
human body, as well as the interactions that have arisen from
the co-evolution of microbial life with other microbes and
with us, their human hosts. In 2008, the National Institutes
of Health (NIH) began a large research initiative known as
the Human Microbiome Project (HMP) designed to improve
our knowledge and understanding of this rapidly growing
field. The decades leading up to the launch of the HMP were
marked by revolutionary scientific developments advancing
molecular approaches to the study of genomics followed by
breakthrough data covering the genomic sequences of myriad
microorganisms and, finally, of the human genome when the
first draft sequence was published in 2001 by two research
teams [4, 5]. One of the key findings that emerged from this
large international collaboration was the observation that a
large number of human genes appeared to have been derived
from horizontal transfer of bacteria or from transposable
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elements at some point in the vertebrate lineage. This infor-
mation, together with prior estimates of the massive number of
bacteria residing in and on the human body, fueled the ongo-
ing drive to better understand the composition, diversity, and
relationship of the microorganisms within our bodies. Several
years later, the Second Human Genome Project followed, hav-
ing been called to specifically identify the microbial genomes
associated with the human body and to use this data to fill in
crucial gaps in knowledge of its potential role in normal hu-
man functioning, as well as in the etiology of disease [6].

Of the various microbial communities that our bodies host,
the largest resides in the colon. The early studies identifying
the human intestinal microbiome exposed its complexity and
characterized the remarkable inter-subject variability in gene
content and encoded functional attributes [7, 8].
Understanding the metabolic potential associated with these
differences among various human populations became a pri-
ority in the drive to better predict individual predispositions to
certain diseases through misdirected or maladapted host im-
mune responses in the gut. The NIH-led Human Microbiome
Project launched more than a dozen case control studies to
determine whether there were characteristic microbiomes as-
sociated with specific presumed microbiome-associated dis-
eases [9]. These included multiple auto-immune diseases,
such as inflammatory bowel disease and psoriasis, and sug-
gested that particular diseases are associated with certain key
microbiome functions. Although this type of approach does
not prove causality, it has commonly been used to hypothesize
a role for the microbiome in disease mechanisms.

The Microbiome and Rheumatoid Arthritis

A more specific link between the microbiome and RA has been
postulated on the basis of both animal data and basic science
investigations of the microbiome of patients with the disease.
The case for a relationship between periodontitis and RA can be
made on numerous grounds [10, 11e°]. Chronic periodontitis
affects over 10% of the world’s population and is a disease in
which the commensal microflora on the tooth surface is re-
placed by a dysbiotic group of bacteria that promote chronic
inflammatory destruction of periodontal tissue. Both periodon-
titis and RA share etiologic links to aging and smoking, as well
as pathogenesis based in cytokine-mediated inflammation, tis-
sue breakdown, and bony erosions. Periodontitis arises when
Gram negative bacteria, including Porphyromonas gingivalis,
Treponema denticola, and Tannerella forsythia, colonize the
gingival sulcus, shifting the composition of the local microbiota
and provoking an immune response. P gingivalis, the primary
periodontal pathogen, has been discovered to uniquely express
peptidylarginine deiminase (designated PPAD to distinguish it
from human peptidylarginine deiminases, PAD). PPAD can
mediate protein citrullination at inflamed periodontal sites that
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could potentially initiate a cascade of events that culminate in
the production of anti-citrullinated protein antibodies (ACPAs)
and the clinical picture of RA. Interestingly, the genes that
encode PADs have been identified by genome-wide association
studies to occur within the RA susceptibility locus. Thus, it had
been thought that PADs might lead to increased citrullination of
proteins in a gingival cytokine-rich, inflammatory milieu lead-
ing to a break in tolerance to citrullinated epitopes presented by
specific HLAs. Some, but not all, epidemiologic and case-
controlled studies have demonstrated that periodontitis is more
prevalent in patients with active RA than in the normal popu-
lation and that the prevalence of RA is greater in those with
periodontitis than those without. Furthermore, recent clinical
work has suggested that serum immunity to P gingivalis
PPAD can affect the clinical response to biologics used to treat
RA [12]. This sort of observation has raised the possibility that
interrupting or reversing the shift in the oral microbiota with
probiotics could improve outcomes in RA.

The gut, too, can be a site of dysbiosis and, presumably,
citrullination, as well as other potential alterations that height-
en the risk of developing RA and other autoimmune diseases
[Le, 13, 14]. Studies in mice have shown that the gut microbi-
ota is required for normal immune system maturation and the
development of tolerance. Should subsequent breaches in the
epithelial barrier of the gut occur, a cascade of responses can
result with a potential loss of tolerance. These include engage-
ment of innate immune cells via pattern recognition receptors,
cytokine generation, and activation of the adaptive immune
system. Both T helper 17 lymphoctyes (Ty,;7) and regulatory T
cells (T,g) are found in abundance in the normal gut, and
animal studies demonstrate that both alteration of the intestinal
microflora and administration of antibiotics can affect Ty,
and T, numbers and function. Gut organisms can induce
the expression of IgA-secreting B cells and IgA can, in turn,
regulate the composition and function of the gut microbiota.
In the collagen-induced arthritis model in mice, susceptibility
to the development of arthritis has been related to the species
composition of the gut microbiota. Newly diagnosed RA pa-
tients, too, may have alterations in the predominant gut bac-
teria compared to healthy individuals, which may correlate
with IL-17 production [15]. Adding to the complexity of the
interpretation of these findings is the fact that not all investi-
gators who have explored the question of which gut bacteria
are present in RA patients have gotten the same answer.
Nonetheless, influencing the composition of the gut microflo-
ra as a therapeutic intervention remains intriguing. It has been
known for some time that antibiotics might influence the
course of RA. Both sulfasalazine [16, 17] and minocycline
[18, 19] have been reported to reduce the number of swollen
and tender joints and improve laboratory markers of inflam-
mation. Probiotics have been proposed to offer another way in
which gut flora could be manipulated to reduce both the risk
of developing RA and treating it once diagnosed. A handful of
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studies (Table 1.) have been published testing the hypothesis
of whether ingesting probiotics can alter outcomes in RA.

Clinical Trials

The earliest study to assess the efficacy of probiotics in RA
was published in 2003 [20]. The authors suggested that evi-
dence supported a relationship between manipulation of the
gut microbiota and the level of disease activity of RA. In this
pilot study, 25 RA patients who fulfilled the American
Rheumatism Association 1987 criteria for RA [25] were re-
cruited from the outpatient practices of two university hospi-
tals in Finland. Patients were excluded if they were on disease-
modifying anti-theumatic drugs (DMARDs), though these
were not specified, sulfasalazine or > 7.5 mg of prednisone
daily. Participants were randomized to receive either two cap-
sules of a Lactobacillus rhamnosus product or placebo twice
daily for a year. Subjects were evaluated by swollen and ten-
der joint counts, health assessment questionnaire (HAQ), in-
flammatory markers, pro-inflammatory and anti-
inflammatory cytokines, and patient and physician global as-
sessments at 0, 1, 4, 8, and 12 months. The composition of
food eaten during the study was assessed by three-day food
records on seven occasions. Compliance was assessed by fe-
cal testing for the presence Lactobacillus and for fecal urease
as a measure of alteration of the intestinal flora at 0, 1, and
12 months. Five subjects dropped out for unspecified reasons
prior to the first follow-up visit. Overall, no statistically sig-
nificant differences were seen between the intervention and
the placebo groups. Both groups had a decline in tender and
swollen joints (Lactobacillus group from 8.3 to 4.6; placebo
from 5.5 to 4.8). Patient and physician global scores improved
in the Lactobacillus group but not significantly. Mean eryth-
rocyte sedimentation rates and C-reactive protein levels were
normal to begin with and remained so in both groups.
Unexpectedly, the interleukin 13 (IL-1f3) levels rose in those
treated with Lactobacillus, but there were no significant
changes in IL-6, IL-10, IL-12, tumor necrosis factor o
(TNF-w), or myeloperoxidase (MPO). This increase in IL-
13 was not associated with any detectable change in disease
status and was considered clinically insignificant. Fecal sam-
pling showed an increase in the presence of Lactobacillus
from a baseline value of 25% in the probiotic group to 86%
at one year, suggesting reasonable compliance. A fall in fecal
Lactobacillus in the control group from 23% at baseline to 0%
was not explained. Furthermore, fecal urease levels increased
in both groups but by three times as much in the placebo group
(34%) as in the probiotic group (10%). The authors concluded
that this L rhamnosus preparation did not alter RA activity.
However, they noted that the study was small and included
subjects with low disease activity at the outset, making the

detection of a difference with treatment difficult. No adverse
events were reported.

A different probiotic preparation was studied by a private
practitioner in Ohio whose work was funded by the manufac-
turer of the product [21]. In this pilot study, 45 patients meet-
ing ARA criteria for RA were recruited from the practice.
Baseline medications were not specified but subjects were
excluded if they were being treated with > 10 mg of prednis-
olone. Four subjects were noted to not be taking any medica-
tion for RA. Participants were randomized to receive either
one caplet of a Bacillus coagulans product or placebo once
daily for two months. They were evaluated at baseline and at
one and two months using the American College of
Rheumatology (ACR) criteria, HAQ, patient global, physician
global, total painful joints, total swollen joints, ESR, and CRP,
as well as functional parameters. At the conclusion of the trial,
eight of 22 subjects in the Bacillus group and six of 22 in the
placebo group attained an ACR20 response. The only statis-
tically significant difference between the Bacillus and
placebo-treated groups was a difference in the means of an
unspecified pain scale (p = 0.46). Reported adverse events
included an upper respiratory tract infection requiring antibi-
otic treatment that resulted in the participant dropping out of
the trial. Other events (shingles, poison ivy, cold, leg edema,
reflux, urinary tract infection) were thought to be unrelated to
the use of the experimental product.

A year later, a group from the University of Western
Ontario, reported on the use of a product containing both
Lactobacillus ramnosus and L reuteri [26]. Participants were
recruited from a health center rheumatology clinic. They met
ACR criteria for the diagnosis of RA, had at least four swollen
and tender joints, and were on stable DMARD:s, steroids and
nonsteroidal anti-inflammatory drugs (NSAIDs) for a month
prior to enrollment. They could not have received an intra-
articular steroid injection in the month prior. No further infor-
mation on the medications used by subjects was given. Fifteen
individuals were randomized to receive the Lactobacillus
preparation and 14 to the placebo group. During the trial, the
subjects took one capsule of study drug or placebo twice daily
for three months. Participants were assessed at days 0, 45, and
90 for swollen and tender joint counts, HAQ, patient global
score, visual analog score for pain, ESR, CRP, and a variety of
cytokines. As with previous studies, the investigators conclud-
ed that, overall, probiotics had no beneficial effect in the man-
agement of RA. They found that there was no statistically
significant difference between how many subjects in each
group achieved an ACR20 response (three in Lactobacillus,
one in placebo), their primary outcome measure. Participants
treated with the probiotic had 9.5 swollen joints and 13.6
tender joints at the outset and 9.1 swollen joints and 13.7
tender joints at the completion of the trial, which did not differ
from the results in the placebo group. There were no signifi-
cant differences in levels of IL-1«, IL-13, KL-6, IL-8,
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TNF-«, IL-12p70, IL-15, IL-10, GM-CSF, C-CSF, IL-17,
sCD40 ligand, MIP-1x, MIP-13, or MCP-1 though, interest-
ingly, both groups showed declines in pro-inflammatory cyto-
kines. The only positive trend was a within group improve-
ment in HAQ in the probiotic group. The authors interpreted
this as in line with the finding in the Finnish study that well-
being measured by global scores trended positively. No ad-
verse events occurred. The investigators noted that, by requir-
ing an active joint count, they may have selected for patients
with chronic, rather than acute, synovitis that was not likely to
change and that they may have evaluated patients over too
short a time span.

A final study of probiotics for RA was carried out by a
group of investigators from Iran and results were reported in
a series of three publications [22, 23, 27]. Sixty women were
recruited over a three-month period from a rheumatology clin-
ic and a general clinic in Tabriz. They met ACR criteria for the
diagnosis of RA with a duration of greater than one year and
had “inactive to moderate levels of disease”. Subjects were on
methotrexate, hydroxychloroquine, and < 10 mg of predniso-
lone, but not NSAIDs or biologics, and were without change
in their medication for 3 months prior to the trial. Participants
took one capsule once daily containing a Lactobacillus casei
preparation or placebo for 2 months. All participants were told
that they were receiving probiotic capsules. Subjects were
assessed at the outset and at the end of the study for swollen
and tender joints, the Disease Activity Score 28 (DAS28),
patient global score, high sensitivity CRP, cytokine levels,
dietary intake measured by dietary recall at the beginning
and end of the study, and six food questionnaires throughout
the course of the study. Fourteen participants dropped out for
unspecified reasons, leaving 22 in the probiotics group and 24
in the placebo group. While statistically significant changes
were reported for many parameters, the magnitude of these
changes and their clinical significance might be questioned.
For instance, in the probiotic group, mean hs-CRP (normal 0—
3 mg/L) fell from 3.1 to 2.8 mg/L, while in the control group,
itrose from 2.3 to 3.5 mg/L (»p = 0.001). The mean number of
tender joints was reported as zero at the start and end of the
study for both groups but the mean difference was reported to
be statistically significant (p = 0.026). Placebo recipients had a
mean of a single swollen joint at the beginning and end of the
study; probiotic recipients had a mean of zero at both time
points and this difference was reported as significant
(p = 0.034). No subject in either group had a good response
measured by European League Against Rheumatism
(EULAR) criteria. A significantly higher number of low dis-
ease activity (DAS28 < 3.2) probiotic group members had a
moderate EULAR response (four) than did placebo group
members (none) (p = 0.03). A higher number of moderate
disease activity (DAS28 > 3.2—< 5.1) probiotic group mem-
bers also had a moderate EULAR response (four) than did
placebo group members (one), but the difference was not

Statistical significance

reached?

and VAS was not statistically significantly
different. Insulin levels were statistically
significantly improved in the probiotics

Results
group

Outcome measures

Probiotic strain

Study size and
duration

Location
“Negative” indicates no statistical significance reached between the probiotics and placebo group; “Positive” indicates statistical significance reached in at least one outcome measure between the probiotics

and placebo group.

® n = number of study subjects randomized (number of study subjects who completed the study)

# All studies were randomized double-blind placebo controlled trials

RCT randomized controlled trial

Table 1 (continued)

Study
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significant (p = 0.19). However, the minimum important
difference in the DAS28 is often defined as 1.2 units [28],
while the mean change for the probiotic group was 0.49
and for the control group 0.09 units. Unlike prior studies,
some significant differences in cytokine levels emerged.
The probiotics groups had a significant decline IL-6, IL-
12, TNFe, and IL-10 (p < 0.05) compared to placebo and
the percent decrease was significantly greater for IL-12
and TNF-« (p < 0.05). The authors noted that their study
differed from all previous studies in that clinical and bio-
chemical measures showed significant differences attrib-
utable to probiotic use. They suggested that this might be
due to the use of the different strain or lower dose of
Lactobacillus which might have resulted in a different
immunological effect. They concluded that their prepara-
tion may help improve disease activity and inflammatory
cytokines in RA.

Two subsequent publications highlighted additional data
obtained on this same group of Iranian women. In a 2014
report [23], the 23% drop out rate was noted to be due to being
unwilling to participate, going on vacation, moving or protocol
violations. Newly reported were state and trait anxiety and
physical activity measures and energy and macronutrient intake
(protein, fat, poly- and mono-unsaturated fatty acids, fiber)
which did not differ between groups or vary during the study
in either the intervention or control group. In a 2016 report [27],
measures of oxidative stress (serum malondialdehyde, total an-
tioxidant capacity, erythrocyte superoxide dismutase, glutathi-
one peroxidase, catalase) and micronutrients (vitamins A, E, C,
By, iron, zinc, cooper, selenium calcium, phosphorus) were
similarly shown to be unaffected by treatment with the L casei
preparation.

A second Iranian group reported on the use of a different
probiotic containing Lactobacillus acidophilus, Lactobacillus
casei, and Bifidobacterium bifidum [24]. Outcome measures
in this study reflected the authors’ interest in previously pub-
lished evidence that changes in intestinal microbiota and re-
sultant immune dysregulation could be linked to autoimmune
disease that insulin resistance and oxidative stress could be
involved in the pathogenesis of RA, and that patients with
RA have increased risk of cardiovascular disease and diabetes.
They enrolled 60 patients with RA from outpatient rheuma-
tology and internal medicine practices at a university hospital
in Kashan. Patients met the ACR criteria for the diagnosis but,
in contrast to previous studies, had moderate to severe disease
as measured by DAS28 (> 3.2). More than 90% of patients
were taking methotrexate and prednisolone and about 70%
were also taking hydroxychloroquine at entry. All partici-
pants took one capsule daily of either probiotic or placebo
for two months, in addition to their usual medications. At
baseline and completion, tender and swollen joint counts,
VAS for pain, DAS28, and a variety of blood tests were
assessed. The DAS28 improved in both groups (probiotic
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4.0+ 0.7 to 3.7 £ 0.7, p < 0.001; control 4.1 + 0.7 to
4.0 £0.7, p = 0.31) and the improvement was statistically
significantly better in the probiotic group than in the pla-
cebo group (p = 0.01) but did not represent a clinically
meaningful change in either group. There was no signifi-
cant change in the number of tender or swollen joints. The
hs-CRP fell in the probiotic group (7.27 £ 6.24 to
6.61 = 6.03, p = 0.25) and rose in the control group
(6.02 £ 5.78 t0 9.09 + 7.46, p = 0.001) and the difference
was statistically significant (p < 0.001). The insulin level
and homeostatic model assessment B (HOMA-B), a mea-
sure of beta cell function, declined in the probiotic group
and rose in the control group (p = 0.3). There were no
significant changes in VAS pain, fasting glucose, HOMA-
estimated insulin resistance (HOMA-IR), quantitative in-
sulin sensitivity check index, total, LDL, HDL or VLDL
cholesterol, triglycerides, nitric oxide, total antioxidant
capacity, total glutathione, or malondialdehyde. No ad-
verse effects were seen. The authors concluded that a
two-month course of probiotics could be beneficial in
RA patients.

Conclusion

A limited number of studies have investigated the role of
probiotics in the management of RA in human subjects. As
the volume of data has expanded concerning the positive
effects of probiotics in animal models of arthritis, so has
the desire to translate these benefits into human clinical
practice. As reviewed in this article, the data that exist
regarding probiotic supplementation in the management
of RA patients provide little definitive evidence of effica-
cy. Only a very limited number of outcome measures have
been positively affected by the use of probiotics in trials
carried out so far. And, given the small number of partic-
ipants and short duration of most trials, most must be con-
sidered pilot studies awaiting confirmation. Nevertheless,
the broad, worldwide interest in enhancing our understand-
ing of the beneficial role of the massive population of or-
ganisms that reside on and in us will likely continue to
drive the search for new ways to manipulate that popula-
tion to improve human health.
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