
UCLA
UCLA Previously Published Works

Title
Treatment for Rheumatoid Arthritis Associated With Alterations in the Gastrointestinal 
Microbiota.

Permalink
https://escholarship.org/uc/item/6kz874bq

Journal
ACR Open Rheumatology, 6(7)

Authors
Andréasson, Kristofer
Olofsson, Tor
Lagishetty, Venu
et al.

Publication Date
2024-07-01

DOI
10.1002/acr2.11673
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6kz874bq
https://escholarship.org/uc/item/6kz874bq#author
https://escholarship.org
http://www.cdlib.org/


B R I E F R E P O R T

Treatment for Rheumatoid Arthritis Associated With
Alterations in the Gastrointestinal Microbiota

Kristofer Andréasson,1 Tor Olofsson,1 Venu Lagishetty,2 Zaid Alrawi,1 Eline Klaassens,3

Savanne Holster,3 Roger Hesselstrand,1 Jonathan P. Jacobs,4 Johan K. Wallman,1

and Elizabeth R. Volkmann2

Objective. Emerging research suggests that rheumatoid arthritis (RA) is associated with intestinal dysbiosis. This
prospective pilot study evaluates changes in intestinal microbial composition in patients with RA initiating treatment
with either methotrexate (MTX) or a tumor necrosis factor inhibitor (TNFi).

Methods. Consecutive patients, fulfilling the 2010 American College of Rheumatology/EULAR classification criteria
for RA, who started treatment with either MTX or TNFi delivered a stool sample upon initiation of immunosuppression
and 3 months later. A 16S ribosomal RNA gene-based validated microbiota test (GA-map Dysbiosis Index Score
[DIS], Genetic Analysis, Oslo, Norway) was used to evaluate for the presence and degree of dysbiosis. Fecal levels of
Prevotella copri (P. copri) were analyzed by custom-made quantitative polymerase chain reaction. Changes in micro-
bial composition were analyzed in relation to changes in disease activity, as measured by the disease activity score
based on 28-joint counts, using C-reactive protein.

Results. At baseline, dysbiosis was present in 33 of 50 (66%) participants and more common in participants with
more than 2 years of disease duration (P = 0.019). At the 3-month follow-up, 27 of 50 (54%) were good treatment
responders and the DIS had improved in 14 of 50 (28%). Participants initiating TNFi more often exhibited improvement
in the DIS compared with those initiating MTX (P = 0.031). P. copri was identified in 32 of 50 (64%) at baseline. An
improvement in disease activity score based on 28-joint counts, using C-reactive protein was associated with a simul-
taneous decrease in P. copri abundance (rs = 0.30, P = 0.036).

Conclusion. This study affirms that dysbiosis is a feature of RA. Although patients were not randomized to MTX or
TNFi, the findings suggest that specific therapies may differentially modulate the gastrointestinal microbiota in RA. The
association between P. copri and treatment response requires further study.

INTRODUCTION

The etiology of rheumatoid arthritis (RA) is multifactorial.

Although host genetics may contribute to disease susceptibility,

environmental factors, such as smoking, may increase the

likelihood of disease development.1 Our current understanding

of the key environmental factors associated with RA pathogenesis

is limited, but recent studies suggest that alterations in the

gastrointestinal (GI) microbiota are present early in the disease

course.2

Prior studies have demonstrated an association between

immune response to microbes in the intestine and synovial inflam-

mation in patients with RA.3 Cross-sectional studies have consis-

tently reported the presence of intestinal dysbiosis in both early

and established RA.4–6 Furthermore, Prevotella copri (P. copri)

has been associated with RA and RA development based on
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both epidemiologic studies and a well-defined molecular mimicry
model.2–5

To date, few studies have explored the intestinal microbiota
in relation to usage of immunomodulatory treatments in
RA. Small, prospective studies have suggested that successful
methotrexate (MTX) therapy in patients with RA may partially nor-
malize the intestinal microbiota and that specific microbial alter-
ations may predict treatment response to MTX.4,7,8 To our
knowledge, no studies have prospectively evaluated the impact
of tumor necrosis factor inhibitors (TNFi) on intestinal dysbiosis in
RA. However, in inflammatory bowel disease (IBD), TNFi adminis-
tration has been associated with a reduction of intestinal dysbio-
sis that parallels improvements in disease activity with reduced
intestinal inflammation.9

This prospective, observational pilot study investigated
patients with RA initiating treatment with either MTX or TNFi at
baseline and after 3 months. Our aims were to (1) examine the
relationship between the baseline degree of intestinal dysbiosis
and clinical characteristics of patients with RA and (2) evaluate
changes in the degree of intestinal dysbiosis following treatment
with MTX or TNFi. Finally (3), given the prior evidence linking
P. copri to RA disease pathogenesis, we wanted to investigate
P. copri abundance in relation to disease characteristics and
treatment response. In an exploratory aim, this study also sought
to explore the relationship between a candidate marker of intesti-
nal inflammation (ie, fecal calprotectin) and intestinal dysbiosis in
patients with RA.

MATERIALS AND METHODS

Patient eligibility. This study consecutively enrolled
patients with RA fulfilling the 2010 American College of Rheuma-
tology/EULAR classification criteria between February 2016 and
March 2018. Eligible patients had to be initiated on therapy with
either MTX or TNFi at the departments of Rheumatology in Lund,
Sweden, and Karlskrona, Sweden.10 Patients were included
regardless of disease duration, and patients initiating TNFi were
included irrespective of ongoing background disease-modifying
antirheumatic drug (DMARD) therapy as long as it had been pre-
scribed at a stable dosage for 3 months before the study start
and remained unaltered during the study period. Treatment selec-
tion was based on physician discretion and typically reflected the
national guidelines on the management of RA from the Swedish
Society for Rheumatology.11 In general, during this time period,
these guidelines suggested MTX as the first line DMARD treat-
ment for RA and TNFi as the first-line biologic DMARD therapy in
refractory cases. Patients were excluded if they met any of the fol-
lowing exclusion criteria: a history of IBD, a history of diverticulitis,
previous surgery of the GI tract (except appendectomies), a his-
tory of alcohol abuse, failure to comply with protocol, antibiotic
use within the last 4 weeks, or ongoing biologic or targeted syn-
thetic DMARD therapy. Patients were also excluded if the initiation

of the study drug coincided with the initiation or cessation of
another DMARD.

Disease activity and treatment response. Disease
activity, measured as disease activity score based on 28-joint
counts, using CRP (DAS28-CRP), was assessed at baseline and
at 3 months follow-up, and the change in disease activity
(ΔDAS28-CRP) between these two time points was used as a
continuous measure of treatment response. Furthermore, partici-
pants were categorized as showing good, moderate, or no treat-
ment response in accordance with EULAR response criteria.12

Patient reported measures. At baseline, GI symptoms
were assessed using the validated Gastrointestinal Symptom Rat-
ing Scale (GSRS).13 This Swedish rating scale is a self-administered
questionnaire that includes 15 items rated on a 7-grade Likert
scale. It encompasses the following five dimensions: reflux, abdom-
inal pain, constipation, indigestion, and diarrhea. Usage of antibi-
otics, coffee, proton pump inhibitors, and smoking were assessed
by a local questionnaire and alcohol consumption by the Alcohol
Use Disorders Identification Test questionnaire.14

GI microbiota analysis. At baseline and at 3 months
follow-up, participants delivered stool samples, collected at
home, which were briefly stored in a refrigerator, and transported
to a −80�C freezer within 12 hours of collection. The Dysbiosis
Index Score (DIS) was measured with the GA-map Dysbiosis Test
(Genetic Analysis), which quantifies intestinal microbial balance on
a 5-grade ordinal scale, in which values of three or more denotes
dysbiosis. This test analyzes the 16S ribosomal RNA (rRNA)
sequence (V3-V9) by using 54 labeling probes aimed at
368 strains spread across 36 genera, 10 bacterial classes, and
6 phyla (Firmicutes, Proteobacteria, Bacteroidetes, Actinobac-
teria, Tenericutes, and Verrucomicrobia).15 The GA-map Dysbio-
sis Test results demonstrate good agreement with the results of
MiSeq Illumina high-throughput 16S rRNA amplicon sequencing
in identifying intestinal dysbiosis.15 The test has also been vali-
dated in relation to Scandinavian cohorts of healthy controls.15–17

17 All samples in the current study were analyzed simultaneously
to minimize batch effects.

Fecal levels of P. copri were analyzed in triplicates with a
custom-made quantitative polymerase chain reaction together
with Baseclear at baseline and at 3 months (Leiden, The
Netherlands) (Supplementary methods). The abundance of P.
copri bacteria per gram of feces was calculated, and log 2 values
(2logPcopri) were used for analysis. A two-fold change in P. copri

levels was regarded as a significant increase or decrease of
P. copri abundance.

Intestinal inflammation was studied by measurement of fecal
calprotectin (F-calprotectin), which was analyzed with a poly-
clonal Elisa (Calpro AS). Levels of F-calprotectin greater than or
equal to 50 μg/g were considered elevated.18
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Statistical analysis. To evaluate the relationships between
the DIS or P. copri levels with clinical features, nonparametric test-
ing, including the Mann-Whitney U-test and Spearman’s rank
correlation test, were used. The same nonparametric tests were
used to evaluate how changes in the DIS and P. copri levels relate
to therapy and treatment response. A P value less than 0.05 was
considered statistically significant. Given the pilot nature of the
study, a power calculation was not performed, and there were
no corrections made for multiple hypothesis testing.

RESULTS

Patient characteristics. Sixty-four patients fulfilled the
study inclusion criteria, of which 50 participants completed

the study according to protocol. Out of those not completing the
study (n = 14), a majority (n = 9) failed to deliver both stool sam-
ples, and another subgroup (n = 3) failed to complete 3 months
of prescribed therapy.

Patient characteristics are shown in Table 1. At baseline,
29 of the 32 patients who initiated TNFi therapy were already
prescribed conventional synthetic DMARD therapy (n = 29 of
32), in most cases MTX (n = 24 of 32). Among the included par-
ticipants, there was a female predominance, and on average,
participants had moderate RA disease activity at baseline. Dis-
ease duration was, as expected from the clinical treatment algo-
rithm previously described, lower in participants starting MTX
compared with TNFi (median 0.4 vs 6.4 years, respectively).
The presence of anticitrullinated peptide antibodies and

Table 1. Baseline patient characteristics*

All patients (N = 50) MTX-start (n = 18) TNFi-start (n = 32)

Age, y (SD) 58 (11) 59 (11) 58 (11)
Female, n (%) 39 (78) 14 (78) 25 (78)
ACPA positive, n (%) 38 (76) 11 (61) 27 (84)
RF positive, n (%) 34 (68) 11 (61) 23 (72)
HAQ, mean (SD)a 0.85 (0.47) 0.76 (0.51) 0.90 (0.45)
Disease duration, y, median, (IQR) 4.4 (0.7–12) 0.4 (0.3–1.1) 6.4 (3.1–17.3)
DAS28-CRP, mean (SD) 3.9 (1.2) 3.9 (0.8) 3.9 (1.4)
Daily coffee consumption, cups (SD) 4.3 (4.3) 3.9 (1.9) 4.5 (5.2)
Smoking, ever, n (%)a 34 (68) 10 (56) 24 (75)
Smoking, package y, mean (SD)a 13 (16) 12 (16) 14 (16)
Current smoker, n (%) 8 (16) 3 (17) 5 (13)
PPI usage, n (%)
Daily 11 (22) 3 (17) 8 (25)
Sporadic 8 (16) 2 (11) 6 (19)
None 31 (62) 13 (72) 18 (56)

NSAID, n (%)
Daily 12 (24) 4 (22) 8 (25)
Sporadic 10 (20) 4 (22) 6 (19)
None 28 (56) 10 (59) 18 (56)

Study drug
MTX po, n (%) 16 (89) N/A
MTX sc, n (%) 2 (11) N/A
MTX weekly dose mg, mean (SD) 19 (2.7) N/A
Etanercept N/A 31 (97)
Infliximab N/A 1 (3)

Ongoing treatment
MTX, po, n (%) N/A 16 (50)
MTX, sc, n (%) N/A 8 (25)
MTX weekly dose mg, mean (SD) N/A 14 (8)

Sulfasalazine, n (%) 0 (0) 6 (19)
Prednisolone, n (%)
0 mg 27 (54) 11 (61) 16 (50)
1–5 mg 13 (26) 4 (22) 9 (28)
6–10 mg 7 (14) 3 (17) 7 (22)
>10 mg 0 (0) 0 (0) 0 (0)

BMI, mean (SD)b 26 (4.4) 27 (2.7) 26 (4.7)
F-calprotectin μg/g, median 25 (12–51) 27 (17–90) 22 (11–41)
Elevated (≥50 ug/g), n (%) 12 (24) 5 (28) 7 (22)

*ACPA, anticitrullinated peptide antibodies; BMI, body mass index; DAS28-CRP, disease activity score based on
28-joint counts; HAQ, health assessment questionnaire; IQR, interquartile range; MTX, methotrexate, N/A, not
applicable; NSAID, nonsteroidal antiinflammatory drug; po, per os; PPI, proton pump inhibitor; RF, rheumatoid fac-
tor; sc, subcutaneous.
aData missing = 3.
bData missing = 6.
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rheumatoid factor (RF) were more common in participants initiat-
ing TNFi than MTX.

Intestinal dysbiosis in RA. At baseline, a DIS of greater
than or equal to 3, indicating the presence of intestinal dysbiosis,
was present in 33 out of 50 participants (Figure 1), with similar
proportions in participants initiating MTX (11 of 18 [61%]) and
TNFi (22 of 32 [69%]). The baseline DIS did not correlate with dis-
ease activity or disease duration (Table 2). However, when com-
paring participants with established (>2 years, n = 29) and early
disease (≤2 years from first RA symptoms, n = 21), the DIS was
higher in participants with established disease (mean 3.0 vs 2.3;
P = 0.019) (Figure 1A).

Twelve patients (24%) exhibited elevated levels of
F-calprotectin suggestive of intestinal inflammation. Increased
F-calprotectin levels were associated with higher (worse) DIS
(rs = 0.33 P = 0.018), and the DIS was higher in participants with
elevated F-calprotectin (mean 3.3 vs 2.5, P = 0.006) (Figure 1B).

GI symptoms, as assessed by the GSRS, were uncommon
in this cohort (Supplementary Table 1). The DIS was not associ-
ated with the GSRS, body mass index, concomitant medications
(nonsteroidal antiinflammatory drugs/prednisolone/proton pump
inhibitor), serological profile, smoking, or alcohol habits (Table 2
and Supplementary Table 2).

Intestinal dysbiosis and inflammation at follow-up.
At the 3-month follow-up, 54% of the study participants exhibited
good EULAR-defined treatment response, whereas no treatment
response occurred in 26% of the participants. Numerically, more
participants who initiated MTX exhibited a good treatment
response compared with TNFi (12 of 18 [67%] vs 15 of 32 [47%]).

At follow-up, 14 participants showed a decrease (improve-
ment) of their DIS, whereas 11 exhibited an increase (worsening)
of their DIS. For those initiating MTX, six (33%) experienced a
worsening of their DIS at follow-up, and two (11%) experienced
an improvement in their DIS. For participants initiating TNFi,
5 (15%) experienced worsening of their DIS, whereas 12 (38%)
experienced an improvement in their DIS. There was a significant
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Figure 1. Histogram of the Dysbiosis Index Score at baseline. Each
bar represents number of patients. A Dysbiosis Index Score of 3–5
represents intestinal dysbiosis and 1–2 eubiosis. In (A), patients with
rheumatoid arthritis disease with a duration of more than 2 years are
marked in red. In (B), patients with elevated fecal calprotectin, indicat-
ing intestinal inflammation, are marked in red.

Table 2. The Dysbiosis Index Score (a five-step semiquantitive measure of intestinal dysbiosis) and P. copri levels in relation to disease activity,
disease duration, fecal calprotectin, and serology at baseline*

Correlation with Dysbiosis Index Score, rs Correlation with P. copri, rs
DAS28-CRP 0.11, P = 0.479 −0.04, P = 0.780
Disease duration 0.22, P = 0.118 0.11, P = 0.445
F-calprotectin 0.33, P = 0.018 −0.06, P = 0.677
Dysbiosis Index Score N/A −0.11, P = 0.430

Median levels, (yes vs no)

Dysbiosis Index Score P. copri, ng per g feces

RF-positivity 3.0 vs 3.0, P = 0.304 1.2e-3 vs 0.0, P = 0.034
ACPA-positivity 3.0 vs 3.0, P = 0.789 9.6e-5 vs 4.5e-5, P = 0.340

*ACPA, anticitrullinated peptide antibodies; DAS28-CRP, disease activity score based on 28-joint counts; N/A, not applicable; P. copri, Prevotella
copri; RF, rheumatoid factor.
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difference between the mean change in DIS between participants
initiating MTX and TNFi (0.28 vs −0.39, P = 0.031) at follow-up
(Figure 2).

Changes in intestinal dysbiosis in relation to
treatment response. Among participants achieving good

EULAR-defined treatment response, seven exhibited a worsening
of the DIS and five exhibited an improvement in the DIS. For those
achieving no treatment response, three exhibited a worsening of
the DIS and five exhibited an improvement (Figure 3).

P. copri in relation to disease characteristics and
treatment response. At baseline, P. copri was identified in
measurable levels (above 1.0e-6 ng/g faces) in 32 of 50 (64%)
participants, with similar proportions in participants initiating MTX
(11 of 18 [61%]) and TNFi (21 of 32 [66%]), respectively. P. copri
baseline levels were not significantly associated with disease
activity, disease duration or early disease (as defined previously),
F-calprotectin, or the DIS. P. copri was more prevalent among
participants who were RF positive (Table 2).

After 3 months, a decrease in P. copri was observed in
19 participants, whereas 18 exhibited an increase in P. copri.
Changes in P. copri levels were evenly distributed among MTX-
starters and TNFi-starters, with 7 of 18 [39%] and 12 of
32 [38%] exhibiting a decrease in P. copri levels, respectively.

A decline in P. copri levels between treatment start and the
3-month follow-up was associated with an improvement in
the EULAR-defined treatment response (rs = 0.30, P = 0.034).
This association with treatment response was evident in patients
who were RF positive (Figure 4).

DISCUSSION

The present study affirmed that intestinal dysbiosis is present
in a prospective cohort of consecutive patients with RA initiating

-2        -1 0 1 2
Change in Dysbiosis Index Score at 
follow up compared to treatment start

Treatment
initiated

TNFi
(N=32)
MTX 
(N=18)

Figure 2. Change in intestinal microbial balance after initiation of
TNFi or MTX. Dot-plot showing change in the Dysbiosis Index Score
in patients starting treatment with either TNFi or MTX at 3 months
follow-up. An improvement of the Dysbiosis Index Score was more
common in patients starting TNFi than MTX. MTX, methotrexate;
TNFi, tumor necrosis factor inhibitor.
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Figure 3. Histogram of the change in Dysbiosis Index Score at follow-up. Each bar represents number of patients. Good treatment response
could be seen both in patients exhibiting an improvement (negative value on x-axis) and a worsening (positive value on x-axis) of the Dysbiosis
Index Score at follow-up.
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therapy with either MTX or TNFi. This pilot study also found that
participants initiating therapy with TNFi were more likely to have
an improvement in their extent of intestinal dysbiosis compared
with those initiating therapy with MTX. Although the impact of
MTX on GI microbiota has been studied, to our knowledge, this
is the first study to report longitudinal changes in the intestinal
microbiota among patients with RA receiving TNFi.

The finding that changes in intestinal microbiota were observed
in patients with RA who commenced on TNFi therapy is consistent
with the results of studies in other patient populations, such as IBD
and spondyloarthritis.19 Although GI inflammation and dysbiosis
are recognized disease features of IBD and spondyloarthritis, our
understanding of GI-tract involvement in RA is still evolving. One
cross-sectional study in RA suggested the possibility of normaliza-
tion of the microbiota after starting treatment with TNFi,20 but that
study did not evaluate changes in intestinal microbiota over time.
In our study, 31 out of 32 patients treated with TNFi received etan-
ercept, which is a soluble TNF-receptor. In contrast to monoclonal
antibodies, this TNFi has failed to show efficacy in IBD. Further stud-
ies are needed to elucidate how this TNFi may interact with the GI
immune system and microbiota and if this differs from TNFi of
monoclonal antibody type.

It is unclear whether the observed changes in intestinal micro-
biota in patients treated with TNFi therapy contribute to the pathobi-
ology of RA and/or treatment response. However, the present study
followed a significant relationship between reduction in P. copri
abundance and response to therapy in both treatment groups.
Accumulating evidence suggests that P. copri is directly involved in
autoimmune reactions, leading to articular inflammation in RA.21 A

previous cross-sectional study reported a greater abundance of
P. copri in untreated patients with RA compared with patients with
RA receiving immunomodulatory treatment.2 The interplay between
intestinal microbes and the immune system in relation to systemic
autoimmunity is an active area of research,21–22 and future clinical tri-
als in RA may consider evaluating the abundance of P. copri as a
candidate biomarker of treatment response.

Although this study was not adequately powered to analyze
treatment response in relation to dysbiosis as measured by the
DIS, many participants who exhibited good treatment response
did so without an improvement in the DIS (Figure 3). Although
the reasons for this discrepancy are unknown, it is possible that
further measurement of specific bacteria species could provide
greater insight into how different therapies alter the intestinal
microbiota in RA.21,23 Furthermore, external factors (eg, age,
sex) beyond the intestinal microbiota may modulate treatment
response in RA and should be considered in future studies.

This study also demonstrated that P. copri was more preva-
lent in participants with positive RF, compared with participants
with negative RF, which is a finding consistent with recent
reports.21,24 Future studies of larger magnitude are needed to
evaluate whether P. copri can serve as a biomarker for RA treat-
ment response in both patients with positive and negative RF.

The observed relationship between intestinal dysbiosis and
elevated levels of F-calprotectin was intriguing and may reflect the
dynamic relationship between dysbiosis and inflammation in the
intestinal mucosa. Similar results have previously been reported in
arthritis animal models.25 Endoscopic studies involving biopsies
may help to further elucidate the relationship between the intestinal
immune system and microbiota in relation to RA development.

We were unable to confirm the findings of a previous study,
which demonstrated partial resolution of intestinal dysbiosis fol-
lowing oral MTX therapy.4 The present study population differed
from that of the previous report in respect to geographic origin,
disease activity, age, and disease duration. Specifically, the prior
study included a majority of patients with high disease activity.

This study has notable limitations. First, although the micro-
bial analyses of fecal samples were based on the Dysbiosis Index
Score, which has shown comparable performance in identifying
intestinal dysbiosis in relation to MiSeq Illumina high-throughput
16S rRNA amplicon sequencing, the DIS has limited power to
identify novel bacterial strains and to provide comprehensive
insight into all bacterial strains present in a sample. Based on the
promising results of this pilot study, future analyses using high-
throughput sequencing of the full metagenome are warranted.

Further limitations of this observational study include the fact
that patients were not randomized to treatment, and therefore,
confounding factors may contribute to the observed treatment
arm differences. Twenty-four out of 32 patients initiating TNFi
were on a stable dose of MTX at baseline and continued using this
drug in unaltered dosage throughout the study period, which may
have influenced group comparisons. Also, the number of included
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Figure 4. Change in disease activity in relation to change in P. copri
abundance. At follow-up, 3 months after treatment start, change in
disease activity is associated with change in P. copri abundance in
patients with positive RF (rs = 0.344, P = 0.046, n = 34) but not
patients with negative RF (rs = −0.17, P = 0.541, n = 16). The majority
of patients with positive RF who experienced a positive response to
their immunosuppressive therapy also exhibited a decline in P. copri
levels (lower left quartile). DAS28-CRP, disease activity score based
on 28-joint counts; P. copri, Prevotella copri; RF, rheumatoid factor.
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patients is limited, restricting further subgroup analyses. The
strengths of this study include its prospective design, prespeci-
fied objectives and outcomes, as well as the inclusion of consec-
utive patients receiving two different therapeutic approaches.

In summary, the present study demonstrated alterations of the
intestinal microbiota between treatment start and 3-month follow-
up in patients with RA initiating MTX or TNFi. Reduction of
P. copri, a bacterial species previously suggested to be of patho-
genic importance in RA, paralleled observed improvements in RA
disease activity. Future prospective studies in larger cohorts,
encompassing analysis of the complete intestinal microbiome, are
needed to validate these results and further explore the relevance
of microbial changes induced by immunosuppression in RA.
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