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thetic DMARDSs). There are molecular pathways of inflammation that are common to

odontitis. This systematic review aims to assess the impact of antirheumatic agents on
periodontal conditions of patients suffering from both RA and periodontitis.

Methods: PubMed/MEDLINE, Cochrane Library, and Embase online databases were
systematically explored, and a manual search was performed to identify relevant stud-
ies published until January 2023. This review is registered in the PROSPERO database
(CRD42023409006).

Results: A total of 2827 articles were identified, and 35 fulfilled the inclusion crite-
ria. The included studies generally show a consensus that, at normal dosage, NSAID
and corticosteroids have negligible impact on periodontium. Similarly,csDMARD alone
or in combination with other csDMARD demonstrated no adverse effect on peri-
odontium. Monotherapy with bDMARD had a positive effect on periodontal pocket

depths and gingival inflammation in the longitudinal studies up to 6 months but showed
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MCP-1, monocyte chemoattractant protein-1; MTX, methotrexate; MMPs, matrix metalloproteinases; NSAID, nonsteroidal anti-inflammatory drugs; PD, probing depth; P, plaque index; PISA,
periodontal inflamed surface area; RA, rheumatoid arthritis; RCTs, randomized controlled clinical trials; RTX, rituximab; SSZ, sulfasalazine; TCZ, tocilizumab; tsDMARD, targeted synthetic
DMARDs; TNF, tumor necrosis factor; TNFI, TNF inhibitor.
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1 | INTRODUCTION

Periodontal diseases are biofilm-associated chronic inflammatory dis-
eases affecting the tooth-supporting tissues (Pihlstrom et al., 2005).
These diseases include gingivitis, with reversible damage of the super-
ficial periodontium, and periodontitis, which leads to irreversible
destruction of the superficial and deep periodontium, including fibrous
attachment and supporting alveolar bone. Periodontitis has a high
prevalence worldwide, affecting over half of the population and show-
ing an increasing prevalence with age (Kassebaum et al., 2014). In
periodontitis, an imbalanced relationship between an altered immune
response and a dysbiotic microbiome triggers local inflammation and
tissue breakdown (Hajishengallis, 2022). Moreover, due to bacteremia
and hematogenous spread of inflammatory mediators, periodontitis
affects general health. Consequently, an association between peri-
odontitis and various chronic systemic diseases, such as diabetes
mellitus, cardiovascular diseases, or rheumatoid arthritis (RA), has
been increasingly supported by scientific evidence (Genco & Sanz,
2020).

RA is a chronic autoimmune degenerative inflammatory disease pri-
marily affecting the joints, with a global prevalence of 0.5%-1% and
a female-to-male ratio of 3:1 (Silman & Pearson, 2002). Clinically, RA
is a long-term condition characterized by inflammation of the syn-
ovial lining of joints, leading to progressive destruction of cartilage and
an erosion of marginal bone leading to the clinical symptoms of pain
and stiffness on the joints and ultimately disability. RA is also associ-
ated with systemic complications and increased mortality (Kim & Suh,
2020).

RA and periodontitis share several common features. They are
multifactorial chronic diseases influenced by modifiable and non-
modifiable risk factors, such as age, tobacco use, obesity, and genetic
predisposition (Koziel & Potempa, 2022). Local chronic inflammation
and elevated levels of pro-inflammatory cytokines, such as tumor
necrosis factor (TNF)-a, interleukin (IL)-18, or IL-6, are observed in

both diseases (Kobayashi & Yoshie, 2015). Furthermore, increased lev-

negligible effect on the periodontium in interventional studies with a longer follow-up
(9 months and 15.1 months). However, the combination of tumor necrosis factor (TNF)-
a inhibitors + methotrexate (MTX) was associated with a rise in gingival inflammation.
Due to the considerable heterogeneity of the study designs, a meta-analysis could not
reasonably be performed.

Conclusion: Within the limitations of the available studies, there is evidence to suggest
that bDMARD monotherapy may improve the periodontal condition of RA patients
with periodontal disease to a certain extent; the concomitant medication of TNF
inhibitor + MTX could worsen gingival inflammation. More data are required to

understand the impact of RA therapies on periodontal health.

antirheumatic agents, clinical studies, periodontal disease, periodontitis, rheumatoid arthritis

els of proteolytic enzymes like matrix metalloproteinases (MMPs) and
activation of the receptor activator of nuclear factor kappa B ligand
(RANK-L) pathway (de Pablo et al., 2009) contribute to osteoclast dif-
ferentiation, immune cell infiltration (neutrophils, macrophages, and B
and T-lymphocytes), and subsequent tissue damage.

Extensive research has explored the bidirectional association
between RA and periodontitis, revealing that patients with RA are
2.27 times more likely to be edentulous and almost twice as likely to
have periodontitis than subjects without RA (de Pablo et al., 2008).
Furthermore, individuals with a history of periodontitis for more than
5 years were shown to have a 69% greater risk for RA (Qiao et al.,
2020). Periodontitis has been shown to influence the severity of RA
(Rodriguez-Lozano et al., 2019).

While there is no cure for RA, modern therapeutic approaches
achieve excellent control of this disease. Treatment includes lifestyle
modifications, analgesics, anti-inflammatory drugs (e.g., nonsteroidal
anti-inflammatory drugs [NSAID] and glucocorticoids), and disease-
modifying antirheumatic drugs (DMARD). NSAIDs and glucocorticoids
exert general anti-inflammatory action, whereas DMARD act through
various mechanisms. Conventional synthetic DMARDs (csDMARDs),
including methotrexate (MTX), hydroxychloroquine (HCQ), lefluno-
mide (LM), or sulfasalazine (SSZ), ultimately interfere with critical
pathways in the inflammatory cascade. Biologic DMARDs (bDMARDs)
are monoclonal antibodies that target specific molecules of the
immune system, such as TNF-a, IL-6, IL-15, IL-17, or B or T cell
expressed molecules. Targeted synthetic DMARDs (tsDMARDs), like
janus kinases (JAK) inhibitors, similarly have specific targets (Aletaha
& Smolen, 2018). csDMARDs have been in use since the 1970s, and
bDMARD:Ss since the early 1990s, tsDMARDs received their first FDA
approval in 2012, resulting in a relatively limited amount of scientific
literature on this newer treatment class.

Over the last decades, there has been extensive work investigating
the proteins and pathways targeted by these DMARDS in the con-
text of periodontal disease. This work has used human samples along

with in vitro and in vivo systems. The findings—of which several are
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published in this journal—have significantly informed the pathogene-
sis of periodontal disease. Given the effect of antirheumatic treatments
on immune and inflammatory metabolism, by studying patients under
these treatments for RA, there is an opportunity to explore whether
these treatments could also influence periodontal health and the
progression of periodontitis.

Moreover, the oral effects of RA treatments are important for the
RA patients who are at increased risk of periodontitis. Thus, there
is “double benefit” to studying the oral effects of RA treatments: (1)
RA treatments are multiple and act at different levels, their impact
on the periodontium may vary and give rise to specific recommenda-
tions depending on the treatment chosen for the patient. (2) Given
the similarities in disease pathogenesis there may be opportunity
for repurposing RA treatments as an alternative to antibiotics as an
adjunct to periodontitis treatment. Consequently, the aim of this sys-
tematic review was to evaluate the current evidence regarding the
impact of RA treatment on clinical signs of periodontal inflammation

and related biomarkers.

2 | METHODS
2.1 | Search strategy

This systematic review was conducted according to the PRISMA guide-
lines (Page et al., 2021). To identify relevant studies, four databases,
PubMed/MEDLINE, Cochrane Library, Embase, and Web of Science
online databases up to January 2023, were searched independently
by two researchers (C.P and P.S). The following keywords were used
in various combinations: “periodontitis” OR “periodontal disease(s)”
OR “periodontal inflammation” OR “periodontal treatment” OR “peri-
odontal inflammation biomarkers” AND “rheumatoid arthritis treat-

» o« » o«

ment,” “rheumatoid arthritis therapy,” “psoriatic arthritis treatment,”

» o« » o«

“psoriatic arthritis therapy,” “antirheumatic agent(s),” “antirheumatic
drug(s),” “DMARDs,” “methotrexate,” “leflunomide,” “NSAIDs,” “glu-
cocorticoids,” “anti-TNF-a,” “anti-B lymphocyte,” “anti-B-cell,” “JAK
inhibitors,” and “IL-6 receptor inhibitor.” Each researcher indepen-
dently selected and reviewed the articles for the inclusion criteria and
made a joint decision in case of disagreement. A hand search was per-
formed in the reference lists of publications that addressed the topic,

likewise.

2.2 | Eligibility criteria

The following PICOS framework was used to compose the focused

question:

- Participants: Adult patients aged 18 years or older with RA

- Intervention: Antirheumatic medication

- Control: Patients with RA either without antirheumatic medication
or with different treatment types for RA

- Outcome measures: Surrogate parameters for periodontal disease,

bleeding on probing (BOP), gingival index (Gl), periodontal inflamed

surface area (PISA), probing depth (PD), or clinical attachment loss
(CAL).

To be eligible for inclusion in this systematic review, the study had to
meet the following criteria:

- Original research conducted in humans, published in peer-reviewed
journals

- Randomized controlled clinical trials (RCTs), non-RCTs, cross-
sectional studies, longitudinal studies, cohort studies, and case-
control studies

- Assessed at least some of the periodontitis outcome measures
described above

- Studies were excluded from the systematic review if they were
conducted in patients undergoing immunosuppressive treatment
for another reason than RA (e.g., cancer, transplant, chronic kid-
ney disease, ...) or if they were conducted in patients undergoing

periodontal treatment.

2.3 | Data collection
Data extraction was performed recording the following:

- Author and year of publication

- Ethnicity, age, gender distribution, and sample size

- Smoking status

- Number of teeth

- RAdiagnostic classification

- RAdisease activity scale

- Duration of RA since diagnosis

- Type of antirheumatic medication

- Follow-up period

- Definition criteria of periodontal disease

- Type of periodontal disease

- Surrogate periodontitis clinical measures (PD, CAL, BOP, GI, and
plaque index [P1])

- Microbiological analysis of subgingival biofilm samples and peri-
odontal biomarkers

- Change of periodontal surrogate parameters during antirheumatic
medication

- Additional findings

2.4 | Quality assessment

Two researchers (C.P and P.S) evaluated the risk of bias independently,
using the Newcastle Ottawa Quality Assessment Scale (Wells et al.,
2014) for cross-sectional and case-control studies and the Joanna
Briggs Institute (JBI) critical appraisal checklist for longitudinal stud-
ies (Pearson et al.,, 2015). Disagreements between the researchers
were discussed until a consensus was reached. Quality assessments of

studies included in this systematic review are reported in Tables S1-S3.
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Studies identified through database searching:
Pubmed/Medline, n = 674
Cochrane, n =12
EMBASE, n = 1434

Web of science, n= 707

Hand search, n=4

Articles screened (n = 1944)

Titles and abstracts

Full-text studies assessed for eligibility

(n=232)

Studies included

(n=35)

Duplicate removal

(n = 887)

Articles excluded

(n=1712)

Full-text articles excluded for the following rea-

sons (n=197)

- Ineligible presentation of the study outcomes
(n=80)

- Ineligible study design (n=15)

- Ineligible study outcomes, (n=31)

- Ineligible type of publication (n=55)

- Ineligible study population (n=3)

- Full text not available (n=2)

- Article not written in English (n=7)

- Missing data (n=4)

FIGURE 1 Flowchart showing PRISMA diagram for literature search and inclusion.

2.5 | Synthesis of the result

Data from the individual studies were merged qualitatively and, if
feasable, quantitatively if the heterogeneity of the study designs
allowed for reasonable comparison.

3 | RESULTS
3.1 | Study selection

The initial electronic search identified 2827 articles. The hand search
revealed four further publications. A total of 887 duplicates were
removed and then 1712 articles were excluded after screening of titles
and abstracts. Finally, 232 full texts were considered for inclusion. Of
these, 197 were excluded as they did not meet the criteria in Sec-
tion 2.2. Studies were excluded as our required study outcomes were

not available (n = 80), ineligible study design (n = 15), ineligible study

outcomes based on our inclusion criteria (n = 31), ineligible type of
publication (n = 55), ineligible study population (n = 3), full text not
available (n = 2), article not written in English (n = 7), or missing data
(n = 4). The list of full-text studies assessed for eligibility but excluded
and reason for exclusion are reported in Table S4. Thirty-five studies
were finally included in this systematic review. The selection process is
depicted in Figure 1.

3.2 | Study characteristics

Among the 35 included studies published until January 2023, 19 are
cross-sectional studies (Gamel et al., 2017; Hashimoto et al., 2021a,
2021b; Hatipoglu et al., 2022; Jung et al., 2018; Kordtabar et al., 2019;
Mayer et al., 2009, 2013; Mirrielees et al., 2010; Nik-Azis et al., 2021;
Ortiz et al., 2009; Pischon et al., 2008; Renvert et al., 2020; Romero-
Sanchez et al.,, 2017; Rovas et al., 2021; Schmalz et al., 2021; Wu et al.,
2021; Yamashita et al., 2020; Ziebolz et al., 2018), 6 are case control
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studies (Ayraviinen et al., 2017, 2018a, 2018b; de Smit et al., 2021;
Kobayashi et al., 2015; Kobayashi, Okada et al., 2014); 8 are longi-
tudinal studies (Ancuta et al., 2017, 2020, 2021; Fabri et al., 2015;
Kadkhoda et al., 2016; Kobayashi, Yokoyama et al., 2014; Savioli et al.,
2012; Ustiin et al.,, 2013), and 2 are cross-sectional and longitudinal
analyses in the one and the same article (Coat et al., 2015; Pers et al.,
2008). All the studies were prospective except for one cross-sectional
study (Yamashita et al., 2020). To date, no RCTs on the impact of RA
treatment on periodontium have been published.

The sample sizes ranged from 6 to 862 patients with follow-up inter-
vals ranging from 30 days to 15.9 + 6.1 months. Age ranged from 18 to
87 years. Among the case-control studies, three articles reported on
the same collective of patients. Thus, these three studies were consid-
ered one study in the present review (Ayraviinen et al., 2017, 20183,
2018b).

A wide range of periodontal parameters were recorded in the indi-
vidual studies, including clinical parameters like PD, CAL, PIl, BOP, and
Gl, microbiological analysis of subgingival biofilm samples and labo-
ratory data like gingival crevicular fluid (GCF) levels or salivary levels
of MMP-8, TNF-a, MMP-3, IL-18, IL-8, and monocyte chemoattractant
protein-1 (MCP-1).

Due to considerable heterogeneity of the study designs, quantita-
tive merging of the data was considered unreasonable.

Study characteristics based on the type of intervention are reported
in Tables 1-3.

3.3 | Quality assessment

According to the Newcastle Ottawa Quality Assessment Scale, 6 of
the cross-sectional studies were rated as fair quality (4-6), 15 of the
cross-sectional studies were rated as good quality (7-10), and all the
case-control studies were rated as good quality (7-10) (Tables S1 and
S2). Looking at the longitudinal studies they satisfied from 5 to 7 of the
10 items of the JBI critical appraisal checklist for longitudinal studies
(Table S3).

3.4 | Impact of the different anti RA drugs
strategies on periodontal parameters

Identifying the impact of the myriad of different RA therapies on peri-
odontal health is challenging. RA treatment may include combinations
of different types of DMARDs. The following narrative attempts to
delineate some of the RA therapies effects on periodontal health. The
studies discussed are summarize in Tables 1-3; categorized according
to study design (case control, cross-sectional, and longitudinal). The
narrative attempts to provide a summary of the studies, according to
medication type as this approach may be more informative to under-
standing mechanism and implications. The studies described below are
predominantly cross sectional, comparing groups of patients treated

with different drugs/different combinations of drugs.

3.4.1 | Impact of corticosteroids and NSAID on
periodontal parameters

NSAIDs and corticosteroids were used (alone or in combination) as pri-
mary treatment for RA in two cross-sectional studies (Wu et al., 2021;
Ziebolz et al., 2018). The authors found no intergroup differences in
periodontal clinical parameters in term of PD, CAL, BOP, or PI. Com-
bined NSAID and glucocorticoids were associated with the presence
of Treponema denticola in dental plaque (Wu et al., 2021; Ziebolz et al.,
2018).

NSAID and glucocorticoids were given as concomitant treatments
with DMARDs in almost all other studies. In one cross-sectional study,
patients taking corticosteroids alone had a lower Gl (Nik-Azis et al.,
2021). However, when NSAID and glucocorticoids were given as a
co-medication, there was no impact on CAL (Gamel et al., 2017) or
PD, PI, and BOP (Hashimoto et al., 2021b; Kordtabar et al., 2019;
Renvert et al., 2020), or on salivary MMP-8 concentration (Ayrév'éi—
nen et al., 2018b). Prednisolone intake was associated with fewer
remaining teeth in RA patients (p < 0.01) in one cross-sectional study
(Schmalz et al., 2021); however, another cross-sectional studies found
an increase in the presence of teeth with steroid concomitant therapy
(Romero-Sanchez et al., 2017). Two other cross-sectional studies found
no change in tooth loss with corticosteroids and NSAIDs (Hashimoto
et al.,, 2021b; Rovas et al., 2021).

3.4.2 | Impact of csDMARD on periodontal
parameters

In a cross-sectional study comparing the effect of different csDMARDs
on periodontitis, PD was significantly decreased in patients treated
with MTX alone compared to other csDMARDs alone or in combi-
nation. There were no differences in any other periodontal clinical
parameter (CAL, PI, Gl, and BOP) in patients treated with HCQ only,
SSZ only, or MTX + HCQ, or MTX + SSZ, or MTX + HCQ + SSZ (Jung
et al., 2018). In a cross sectional study of newly diagnosed RA patients,
there were no significant differences in the prevalence of periodonti-
tis, or in PD, CAL, Gl, or Pl between patients with no RA treatment and
RA patients on MTX or HCQ, with or without prednisolone or NSAID
(Kordtabar et al., 2019). Similarly, A 2017 cross-sectional study found
no significant correlation between the type of RA treatment (MTX,
HCQ, SSZ, prednisolone, or NSAIDs) and CAL (Gamel et al., 2017).

Some cross-sectional studies have evaluated a variety of csD-
MARDS, alongside a group with a bDMARD. One such study found no
differences in any periodontal clinical parameters (PI, BOP, GI, CAL,
and PD) between patients treated with csDMARD and patients treated
with TNF inhibitor (TNFI) (Romero-Sanchez et al., 2017). Within this
study, a comparison of periodontal parameters in patients treated with
different combination of csDMARD revealed an increase of sites with
CAL >4 mm for patients treated with LM + MTX, compared to patients
on MTX alone, or LM alone, or MTX + LM + SSZ, or MTX + HCQ
(Romero-Sanchez et al., 2017).
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In another cross-sectional study, RA treatment with MTX alone, or
LM in combination with one of either MTX, or HCQ, or TNFI or TNFI
alone, or no DMARD had no impact on PD, CAL, tooth loss, and BOP
(Mirrielees et al., 2010).

With regard to periodontal key pathogens, MTX was associated with
an increase of T. denticola, whereas LM was associated with an increase
of Porphyromonas gingivalis in two studies (Wu et al., 2021; Ziebolz et al.,
2018) as compared to NSAID + glucocorticoids or IL-6 antagonist or
combined MTX + TNFI or MTX + rituximab (RTX) or other DMARD in

combination.

3.4.3 | Impact of biologic DMARD (bDMARD) on
periodontal parameters

A group of Finnish authors published three articles based on the
same prospective cohort. These studies found no significant differ-
ence between treatment with csDMARD and bDMARD in terms of
BOP, PIBI, mean PD, number of PD>4 mm, mean CAL, and salivary
II-6 and MMP-8 level after 15.9 + 6.1 months of treatment (Ayravai-
nen et al., 2017, 2018a, 2018b). One recent prospective study found
no significant differences between group | on MTX and group Il on
TNFTNFI + MTX in term of PI, PD, and inflammation after 2 months
of follow-up (de Smit et al., 2021).

Patients treated with RTX had better periodontal clinical parame-
ters with lower level of PD, CAL, Pl, and MGl than patients treated with
MTX (Coat et al., 2015). Another study found no association between
the PISA score and the type of RA treatment (csDMARD, or bDMARD,
or NSAID/corticosteroids) (Hashimoto et al., 2021a). The same authors
found no impact of RA treatment (NSAID, or MTX, or bDMARD,
or other DMARD) on PD or tooth loss (Hashimoto et al., 2021b).
Another group found no significant differences in periodontal param-
eters between patients on csDMARD and patients on TNFI (Ortiz
et al,, 2009). No differences were found in another cross-sectional
study regarding PD, Pl, BOP, and radiographic bone loss (BL) between
the patients on csDMARD and patients on bDMARD (Renvert et al.,
2020).

Some studies suggest that the use of bDMARDs was associated
with a lower BOP. However, there was no significant differences in
CAL, PD, BL, and number of missing teeth among patients treated with
bDMARDSs as compared to patients without bDMARDs (Rovas et al.,
2021). Four studies that assessed the impact of bDMARD versus MTX
versus glucocorticoid on periodontal tissue found no impact of medi-
cation on the PISA (Hashimoto et al., 2021a; Schmalz et al., 2021), on
PD and tooth loss (Hashimoto et al., 2021b) or on any other periodon-
tal clinical parameter (Renvert et al., 2020). Three articles based on
the same study design and patient groups found no differences in peri-
odontal parameters or on salivary levels of MMP-8, IL-6, and TIMP-1in
RA patients with bDMARD versus csDMARD (Ayraviinen et al., 2017,
2018a,2018b).

Finally, a cross-sectional study reported that patients on MTX or
bDMARD are more likely to have less teeth than patients on NSAID or
corticoids or other DMARDs (Hashimoto et al., 2021b).

The periodontal effects of some bDMARDS have been evaluated
longitudinally; usually by evaluating periodontal parameters before
and after treatment with the bDMARD. Some studies include compar-
isons with concomitant bDMARD and periodontal treatment.

Anti-TNF drugs (etanercept, adalimumab, infliximab; TNFI-TNF
inhibitors)

A longitudinal study reported a beneficial effect on periodontal inflam-
mation after only 6 weeks of etanercept treatment (Kadkhoda et al.,
2016). In two other longitudinal studies conducted by the same
team, authors found that patients treated with TNFI had a significant
decrease in Gl, BOP, PD, and serum MMP-3, IL-6, and TNF-«a level after
3 months (Kobayashi, Yokoyama et al., 2014) and 6 months (Kobayashi
et al., 2015). There were significant improvements in CAL, PD, and
BOP in RA patients who were treated with TNFI for 6 months (Ancuta
et al., 2017). In contrast, others report increased BOP after 9 months
of treatment with TNFI; however, despite increased gingival inflam-
mation (BOP) there were no changes in PD. As CAL was significantly
decreased after treatment with infliximab the presence of recessions
seems likely (Pers et al., 2008).

Two studies found that RA patients treated with TNFI (receiving no
periodontal treatment) demonstrated no significant change in any of
the periodontal clinical parameters assessed, namely, PD, CAL, BOP,
and Gl either 6 weeks (Ortiz et al., 2009) or 6 months of treatment
(Fabri et al., 2015). Eventually, Savioli et al. (2012) found that Pl was
significantly lower for patients with RA and periodontitis treated with
TNFI.

When TNFI was compared to other RA treatment schemes, one
cross-sectional study found a decrease in inflammation parameters (Gl
and BOP) and PD in RA patients with TNFI medication compared to RA
patients treated with NSAID, glucocorticoids, and csDMARD (Mayer
etal, 2009).

One study found lower CAL, less inflammation (lower BOP and Gl
values), and a lower level of TNF-a in GCF. No difference was found
for PD (Mayer et al., 2013). This is in line with another study (Pischon
et al., 2008) that showed that RA medication (TNFI, DMARD, corti-
costeroids, and NSAIDs) had no impact on the number of CAL >4 mm
and CAL <4 mm. One cross-sectional study found no differences in PD,
CAL, GI, BOP, or Pl between TNFI and csDMARD (Romero-Sanchez et
al., 2017). Another cross-sectional study found no impact of TNFI on
PISA level (Yamashita et al., 2020).

In addition to periodontal clinical parameters, studies have investi-
gated the microbiological and inflammatory changes in the periodon-
tium following treatment with bDMARDS. An increase of T. denticola
was reported for patients treated with TNFI alone or in association
with other csDMARD and increased Tannerella forsythia was found
in patients who received TNFI alone (Romero-Sanchez et al., 2017).
Treatment with tocilizumab (TCZ) resulted in a significantly greater
decrease in gingival inflammation than the TNFI group (Kobayashi
etal., 2015).

One cross-sectional study that found TNFI treatment alone or in
association with MTX had no impact on any periodontal parameters

compared to csDMARD (Mirrielees et al., 2010). However, in this same
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study, TNFI treatment decreased the mean level of salivary IL-13 but
not of MMP-8 and TNF-a (Mirrielees et al., 2010). Others note that
decreased TNF-« levels in GCF accompanied a decreased BOP and Gl
after 6 weeks of TNFI treatment (Kadkhoda et al., 2016). Similarly, one
cross-sectional study found that TNF-« in GCF was significantly lower
in patients on infliximab (Mayer et al., 2009), and Ustiin et al. (2013)
found a significant decrease in GCF IL- 13, GCF IL-8, salivary IL-8, and
salivary MCP-1 levels in RA patients suffering from periodontitis after
30days of anti-TNF therapy, although they found an increase of gingival
inflammation. Systemic changes following treatment with bDMARDS
have been studied. Kobayashi et al. (2015) showed that patients on
TNFl displayed asignificant decrease in serum levels of MMP-3 at 3and
6 months. Likewise, serum levels of MMP-3, IL-6, and TNF-a were sig-
nificantly decreased after 3 months of adalimumab therapy in another

longitudinal study (Kobayashi, Yokoyama et al., 2014).

B-cell depletion treatment (rituximab and belimumab)

In one longitudinal study, patients treated with RTX showed a signif-
icant improvement in PD and CAL but no significant change of Pl or
Gl after 6 months of treatment (Coat et al., 2015). In the same article,
authors performed a cross-sectional study that compared one group
under MTX that was never under bDMARD to a group that already
received at least two courses of two RTX infusions. Patients treated
with B-cell depletion treatment (RTX) had better periodontal clinical
parameter with lower levels of PD, CAL, PIl, and MGI than patients
treated with MTX (Coat et al., 2015).

However, one other cross-sectional study found no statistical dif-
ferences in PD, CAL, Pl, and BOP between patients receiving RTX
compared with those receiving cOMARD. Nonetheless, GCF IL-1f3 level
was lower in RTX group and GCF MMP-8 level was lower in the other
group treated with other cDOMARDs (Hatipoglu et al., 2022).

When B-cell depletion treatment was used in combination with csD-
MARD, a decrease BOP in patients on RTX + MTX compared to the
patients under MTX + TNFI was found (Ziebolz et al., 2018). Wu et al.
(2021) found no differences between patients on MTX + RTX and
patients under other DMARD.

Impact of other bDMARD (interleukin-6 receptor inhibitor:
tocilizumab)

A cohort of patients treated with TCZ demonstrated a significant
decrease in Gl, BOP, PD, CAL, and serum levels of MMP-3 and TNF-a
after 6 months of treatment (Kobayashi et al., 2015). In this study, the
impact of TCZ on Gl and CAL improvement was significantly greater
than TNFI (Kobayashi et al., 2015) although both the TCZ and TNFI
groups showed a significant decrease in Gl, BOP, and PD at 3 and 6
months. A different cohort reported by the same authors showed TCZ
treatment reduced Gl and BOP after 8 weeks compared to patients
receiving corticosteroid, DMARD, or NSAID (Kobayashi, Okada et al.,
2014). The TCZ group showed a significant improvement in PD, CAL,
BOP, and GI, whereas the other groups failed to show a significant dif-
ference in any periodontal parameter between baseline and follow-up

(Kobayashi, Okada et al., 2014). In alongitudinal study, patients treated

WILEY -2

with TCZ showed a significant decrease in GI, BOP, PD, and CAL after 6
months of treatment (Ancuta et al., 2021).

Regarding Periodontopathogens, Capnocytophaga species were asso-
ciated with IL-6 antagonists in one study (Ziebolz et al., 2018) and other
report that RTX in association with MTX is associated with reduced
number of patients with T. forsythia (Wu et al., 2021; Ziebolz et al.,
2018).

3.4.4 | Impact of JAK inhibitors (baricitinib and
tofacitinib) on periodontal parameters

Only one longitudinal study has investigated the effects of JAK
inhibitors on periodontal status in patients with RA (Ancuta et al.,
2020). Twenty-one patients with moderate to severe active RA with
inadequate response or intolerance to csDMARD or bDMARD were
treated with baricitinib. After 24 weeks of treatment, these patients
showed a significant improvement in several periodontal clinical
parameters, namely, Gl, BOP, PD, and number of sites with PD >4 mm,
there were no significant differences in CAL and Pl turned out not to be
statistically different (Ancuta et al., 2020).

3.4.5 | Impact of RA combined treatment strategies
on periodontal parameters

One cross-sectional study showed that subjects on a combination of
MTX and other DMARDs had more severe forms of periodontitis,
that is, deeper PD, greater CAL, and higher Pl compared to those
on monotherapy with MTX (Nik-Azis et al., 2021). In another study,
authors found no differences with PD and CAL but worse BOP when
patients are under combined MTX and TNFI compared to LM treat-
ment or to MTX + RTX treatment (Ziebolz et al., 2018). One additional
cross-sectional study found that all subjects on infliximab in combi-
nation with MTX had more inflammation than patients on MTX only
(Pers et al., 2008). In another study, the combination of MTX and
TNFI showed an increase in gingival inflammation expressed by Papilla
Bleeding Index compared to treatment with LM or the combination
of MTX with RTX (Wu et al., 2021). These results are consistent with
a study of Ustlin et al. (2013) who reported a rise in gingival inflam-
mation as expressed by Gl and BOP 30 days after treatment change
with an association of bDMARD (new treatment) and csDMARD (con-
comitant medication for 100% of patients). Nevertheless, in this study,
GCF IL-18, GCF IL-8, salivary IL-8, and salivary MCP-1 level decreased
significantly after 30 days of treatment.

However, one cohort study found that antirheumatic treatment
based on monotherapy with MTX, or anti-TNF in addition to MTX, has
a negligible influence on the periodontal condition of RA patients after
more than 2 months of treatment (de Smit et al., 2021). One cross-
sectional study found that TNFI + MTX was associated with lower
extension of interproximal sites with CAL >4 mm (Romero-Sanchez
etal., 2017).
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With regard to periodontopathogens, T. forsythia and Fusobac-
terium nucleatum were reported in fewer patients taking MTX + RTX
(Wu et al., 2021; Ziebolz et al., 2018). One cross-sectional study
reported that the presence of P. gingivalis and Eubacterium nodatum
was significantly associated with the use of more than one DMARD
(Romero-Sanchez et al., 2017).

4 | DISCUSSION

This systematic review summarizes the effect of drugs used to treat RA
on periodontal parameters.

The DMARDS present an interesting juxtaposition—these drugs
are immune-modulatory and likely to render patients more suscepti-
ble to infection. However, given their impact on inflammation, some
have been experimentally considered possible adjunctive drugs for
the treatment of periodontal disease. Therefore, this review sought to
delineate how RA treatments impact on the periodontal tissues.

Based on the studies reviewed, NSAIDs and glucocorticoids showed
a negligible impact on the periodontium in all studies included in this
systematic review of the literature, except for a possible association
between corticosteroids and lower Gl or tooth loss.

Five studies focusing on csDMARD conclude unanimously that this
therapeutic class has a negligible impact on the periodontal clinical
parameters (e.g., CAL, PD, BOP, Gl, and PI) after 8 weeks to 15.9
months (Ayraviinen et al., 2017, 2018a, 2018b; de Smit et al., 2021;
Kobayashi, Okada et al., 2014). The only available longitudinal study on
the tsDMARD baricitinib showed a positive impact of this tsDMARD
on PD, Gl, and BOP after 24 weeks (Ancuta et al., 2020).

Among bDMARDs, TCZ showed positive effects on clinical parame-
ters (CAL, PD, GI, and BOP) and a decrease in serum biomarker levels
(MMP-3, IL-6, and TNF-a) (Ancuta et al., 2021; Kobayashi et al., 2015;
Kobayashi, Okada et al., 2014). One study on RTX showed positive
effects on clinical parameters but no impact on inflammation (Coat
et al, 2015). Studies on TNFIs had mixed results. Four longitudinal
studies found a positive effect of TNFI on PD, CAL and/or BOP, and Gl
after 6 weeks to 6 months of treatment (Ancuta et al.,, 2017; Kadkhoda
et al., 2016; Kobayashi et al., 2015; Kobayashi, Yokoyama et al., 2014),
whereas two longitudinal studies suggested either negligible or bene-
ficial effects of TNFI treatment on CAL while worsening the gingival
inflammation (Gl and BOP); thus, the worsening of gingival inflamma-
tion seemed disconnected to clinical attachment changes (Pers et al.,
2008; Ustiin et al., 2013). A further six studies found no effect of
TNFI on the periodontium of patients suffering from periodontal dis-
ease (Ayraviinen et al., 2017, 2018a, 2018b; de Smit et al., 2021; Fabri
etal., 2015; Savioli et al., 2012). The variable findings may reflect study
design (baseline prophylaxis, e.g.), extent and severity of periodon-
titis and/or RA at baseline, potential interactions with concomitant
medications, and duration of follow up.

Cross-sectional studies comparing different RA treatments found
varying results. In general, bDMARDs were associated with lower
BOP compared with other DMARDs (Rovas et al., 2021). However, 10

cross-sectional studies found no significant association between the

type of RA treatment and periodontal clinical measurements (Gamel
et al.,, 2017; Hashimoto et al., 2021a, 2021b; Hatipoglu et al., 2022;
Kordtabar et al., 2019; Mirrielees et al., 2010; Ortiz et al., 2009;
Pischon et al., 2008; Renvert et al., 2020; Romero-Sanchez et al., 2017;
Yamashita et al., 2020). Two cross-sectional studies that measured
periodontal biomarkers in GCF or saliva found that IL-13 GCF level
was decreased by B-cell depletion treatment, MMP-8 GCF level was
lowered by DMARDs (Hatipoglu et al., 2022) and TNFI decreased IL-
1B salivary level (Mirrielees et al., 2010). Nevertheless, although there
were differences in biomarkers, these studies concluded there was
negligible impact of the type of bDMARD on clinical measures of the
periodontium (Romero-Sanchez et al., 2017). There are notable chal-
lenges in aligning groups of sufficient size to match for medications
and comorbidities—this might partially explain the discrepancies in the
results.

Although most studies presented their results as the effect of one
RA treatment on the periodontium, most patients took several differ-
ent RA drugs at the same time. Approximately 30%-40% of patients
discontinue their RA treatment due to loss of response, intolerance,
or primary treatment failure (Salliot et al., 2011; Wells et al., 2017).
To overcome these issues, the 2022 update of the European League
Against Rheumatism (EULAR) recommendations for the management
of RA suggests that rheumatologists first prescribe MTX + gluco-
corticoids for 3-6 months. If this therapy fails, any bDMARD should
be added to the csDMARD, with the selection of bDMARD left to
clinician preference. tsDMARD can eventually be considered instead
of bDMARD after careful consideration of the risks of malignan-
cies, cardiovascular, or thromboembolic events. In these cases it is
recommended to switch to another bDMARD or to another tsD-
MARD in order to manage bDMARD treatment failure (Smolen et al.,
2023).

Interestingly, combining different RA drugs may have an increased
impact on the periodontium. Therefore, TNFI + MTX was associated
with an increase of gingival inflammation in 4 studies (Pers et al,,
2008; Usttin et al., 2013; Wu et al., 2021; Ziebolz et al., 2018), one
study showed that patients under MTX + other DMARD had worse
periodontal conditions with higher stage of periodontitis and deeper
CAL and PD than patients treated with monotherapy MTX (Nik-
Azis et al., 2021; Romero-Sanchez et al., 2017). Baricitinib combined
with csDMARD did not appear to exacerbate periodontal inflamma-
tion. Feasibly, the RA patients requiring combination therapy have
poorly controlled RA and this may of itself be associated with greater
propensity to periodontal inflammation.

It could be speculated that if RA symptoms improve patients may
be able to perform better oral hygiene—and this, rather than the
therapeutic may be responsible for any chances in the periodontal con-
dition. Moreover, there may be effects mediated simply by patients
entering studies to investigate their dental health. Looking at dental
plaque accumulation, 32 of the 35 studies showed no impact of any
RA treatment on PI. Only one of the longitudinal studies found an
improvement of Pl after 6 months of TNFI (Savioli et al., 2012). In one
cross-sectional study, patients on infliximab had lower Pl than patients

onother RA drugs (Mayer et al., 2013) However, this clinical parameter
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was similar to the group of healthy patients with no RA. In one cross-
sectional study, authors found a difference in Pl between patients
under monotherapy MTX and patients on MTX + other DMARD
after looking at subgroups. Nevertheless, they found no impact of RA
treatment on Pl with the groups originally defined (Nik-Azis et al.,
2021). Thus, RA treatment seems to have no impact on dental plaque
accumulation.

The data suggest that pharmacological treatments for RA may affect
the clinical parameters of the periodontium. This is presumed to be a
result of the action of these treatments on the inflammatory response;
however, the RA treatment may have primary effects on the peri-
odontal microbiota—or secondary effects on the microbiota as the
microbiota respond to the different host environment. Three studies
included in this systematic review showed that the type of DMARD
could affect subgingival microbiota. T. forsythia was reported in higher
number in patients on monotherapy TNFI and in lower level in patients
on MTX + RTX; P. gingivalis was reported in higher number of patients
on LM, and on MTX + TNFI; T. denticola was reported in higher num-
ber of patients on NSAID + glucocorticoids, or on MTX, or on LM and
the presence of P. gingivalis and E. nodatum was significantly associated
with the use of more than one DMARD (Romero-Sanchez et al., 2017;
Wu et al., 2021; Ziebolz et al., 2018).

The data reviewed present both challenges and identifies consid-
erations for futures work. Observational and longitudinal studies are
numerous but come up against specific methodological pitfalls. Out-
comes are often proxies or surrogates and studies were excluded due
to improper outcome measurements or missing data. Periodontal clin-
ical indicators are often heterogeneous, and the source of and type
of data shows a considerable variation, some coming from national
registers, other from digital cohorts. Not all studies reported detailed
concomitant RA treatments, resulting in a limited outcome for the
effect of single RA drugs on periodontal status.

Most of the included cross-sectional studies were not primarily
designed to evaluate the action of RA treatment on the periodontium.
Evaluation of these data could be considered secondary retrospective
analysis.

Most of the longitudinal studies focused on TNFI. Further prospec-
tive studies are needed to evaluate the possible effect of other DMARD
on periodontal status. It is possible that some participants in the
included studies were on medication combinations due to the sever-
ity of their presenting symptoms and/or the duration of their illness,
which resulted in increased disease activity. The comparability of dis-
ease activity between subgroups should be considered in the analysis
of associations between medication and periodontal condition.

There was a considerable heterogeneity in the activity/severity of
RA and RA classification and the severity of periodontal disease and
periodontitis classification. Moreover, the presence or absence of anti-
citrullinated protein antibodies (ACPA) was rarely assessed. However,
the ACPA-positive subset of RA has a more aggressive phenotype,
whereas the ACPA-negative subset patients show a less effective
treatment response to MTX or RTX (Seegobin et al., 2014).

The review was carried out with systematic review methodology.

However, meta-analysis of the data was not possible due to the high

heterogeneity of the included studies, which were mostly longitudi-
nal and cross-sectional studies, without any RCTs. The study designs
and data presentation showed large heterogeneity and merging of
(quantitative) data was not feasible.

We aimed to assess the impact of antirheumatic agents on periodon-
tal conditions of patients suffering from both RA and periodontitis.
Although several studies were identified and reviewed, it remains chal-
lenging to draw definitive conclusions on the action of RA therapies on
periodontal clinical parameters and biomarkers. Many RA therapies are
still being tested, and older therapies are often incorporated into treat-
ment protocols (csDMARDs were introduced in the 1970s, bDMARDs
appeared in the early 1990s, and tsDMARDs received their first FDA
approval in 2012). Nevertheless, in this study, we found that bDMARD
and tsDMARD could potentially be beneficial for periodontal health in
RA patients with periodontitis. The limited data available suggest that
the combination of MTX + TNFI could result in an increased gingival
inflammation. Small studies suggest that different type of DMARD was
associated with the presence of specific periodontopathogens.

The interdisciplinary approach of the present systematic review
of the literature addresses the call for individualized or personalized

medicine.

5 | CONCLUSIONS

To date, there are no conclusive data from human studies on the effects
of DMARDs on periodontitis due to the small number of patients
studied and the absence of RCTs. However, the findings of this sys-
tematic review indicate that different pharmacological treatments for
RA can affect periodontal clinical parameters. Conventional periodon-
tal therapies have proven safe and reasonably effective in resolving
inflammation, halting periodontal tissue destruction, and reducing
periodontitis severity regardless RA treatment (Del Rei Daltro Rosa
et al, 2021; Nguyen et al.,, 2021). However, the most used adjunct
for periodontal treatment remains systemic antimicrobials. There is an
opportunity to learn more from patients taking modulators of inflam-
mation how these drugs might be harnessed as an alternative adjunct
to systemic antibiotics. Moreover, it is important to understand the
interactions between RA therapies and periodontal health as a per-
sonalized medicine approach to optimizing one may benefit the other.
Future research should focus on the effects of other DMARDs and
the mechanisms underlying the associations between medication and
periodontal condition.
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