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Abstract

Background: Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by
systemic inflammation, synovial hyperplasia, and progressive joint destruction. Periodonti-
tis, a chronic inflammatory disease affecting the supporting structures of teeth, has been
increasingly recognized as a potential contributor to RA pathogenesis. Evidence suggests
that both conditions share common immunological mechanisms and microbial triggers.
This review summarizes the data linking RA with periodontitis, with particular focus on
shared pathogenic pathways, microbial triggers, immune system alterations, and clinical
relevance. Methods: Experimental, epidemiological, and clinical studies were evaluated
to explore biological and clinical links between periodontitis and RA. Special emphasis
was placed on the mucosal origins of RA, bacterial-mediated citrullination, autoantibody
formation, and the role of the complement system. Results: Available epidemiological
data indicate that individuals with RA present higher prevalence and greater severity of
periodontitis. Periodontal pathogens, such as Porphyromonas gingivalis and Aggregatibacter
actinomycetemcomitans, contribute to immune dysregulation through citrullination, and
subsequent production of anti-citrullinated protein antibodies (ACPAs), a hallmark of
RA. Both diseases are characterized by chronic, uncontrolled inflammation, amplified
by complement activation and neutrophil hyperactivity. Clinical evidence suggests that
non-surgical periodontal therapy may reduce systemic inflammatory markers and improve
RA disease activity. Conclusions: The relationship between RA and periodontitis appears
to be bidirectional and the recognition of this interaction supports closer collaboration
between rheumatologists and dental professionals. Future studies are required to clarify
causality and determine whether management strategies can influence patient outcomes.

Keywords: rtheumatoid arthritis; periodontitis; citrullination; anti-citrullinated protein
antibodies (ACPAs); Porphyromonas gingivalis; Aggregatibacter actinomycetemcomitans;
complement system

1. Introduction

Rheumatoid arthritis (RA) is a systemic, autoimmune, chronic disorder marked by
inflammation and hyperplasia of the synovial lining in diarthrodial joints [1]. Evidence
suggests that autoimmunity in RA may originate at mucosal sites, including the oral cavity,
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lungs, and gastrointestinal tract [1]. Environmental risk factors, such as cigarette smoking
or genetic predisposition may trigger the oral cavity, inflammation (e.g., periodontitis) [1].
The interaction between tissue inflammation and local bacterial dysbiosis is believed to
contribute to the initiation of the autoimmune reaction in RA, particularly the develop-
ment of anticitrullinated protein autoantibodies (ACPAs), that represent the serological
hallmark of RA [2]. Recent studies continue to support the concept of a bidirectional rela-
tionship between RA and periodontitis, emphasizing shared inflammatory and microbial
pathways [3,4].

When inadequately controlled, RA may cause progressive deterioration of joint struc-
tures, resulting in functional impairment, diminished overall health and wellness and
increased mortality—largely driven by a higher risk of cardiovascular events [2].

RA is a complex, multifactorial disease whose exact etiology remains incompletely
understood. Evidence supports that it is a complex interaction between genetic suscep-
tibility, environmental triggers, and hormonal influences [1]. Periodontitis is a chronic
inflammatory disease affecting supporting tissues of the teeth. It develops in response
to dysbiotic subgingival biofilms and is characterized by progressive loss of clinical at-
tachment and alveolar bone [5]. Although gingival inflammation is triggered by bacterial
plaque accumulation, the diagnosis of periodontitis relies primarily on destruction of the
supporting periodontal tissues, displayed as clinical attachment loss (CAL) and radiograph-
ically detected alveolar bone degradation, periodontal pockets formation and bleeding of
the gums [5].

Although periodontitis and RA have traditionally been considered separate enti-
ties, recent research suggests that they share common pathogenic mechanisms, including
deregulated immune responses and specific pathogenic microbiota. Certain bacterial pop-
ulations have been found in both diseases, raising the possibility of shared pathogenic
mechanisms [6]. Recent microbiome-based investigations have further highlighted the
role of periodontal dysbiosis in modulating systemic immune response associated with
RA [7]. This overlap has prompted investigation into whether periodontal disease (PD)
may contribute to initiation or amplification of autoimmune responses in RA.

Among microorganisms” studies, Porphyromonas gingivalis (P. gingivalis) and Aggregati-
bacter actinomycetemcomitans (AA) have received particular attention [8]. These pathogens
are though to contribute to the link between RA and periodontitis, as individuals with RA
consistently demonstrate a higher prevalence and severity of PD [2,6,8,9].

Periodontitis and autoimmune RA, although historically regarded by some researchers
as unrelated conditions, have in recent years been increasingly recognized as potentially
interconnected through shared pathogenic pathways [6]. Both diseases are driven by
chronic inflammation and involve interdependent relationship between host immunity and
pathogenic microbes. Several immunological mechanisms and microbiological findings
suggest overlapping etiologies, including deregulated immune responses and common
bacterial species present in the oral microbiota of periodontitis patients and the synovial
fluid of RA patients [6,10].

The biological connection between these conditions is largely attributed to immune-
mediated mechanisms, and particularly protein citrullination. This post-translational
modification has been strongly associated with the generation of ACPAs, which play a
central role in RA pathogenesis. Periodontal pathogens may contribute to this process by
promoting an environment that favors loss of immune tolerance [2,8,11].

P. gingivalis produces a bacterial peptidylarginine deiminase (PPAD) enzyme capa-
ble of citrullinating host proteins, potentially altering immune tolerance and promoting
autoantibody production [2,8]. Similarly, AA has been shown to induce neutrophil hyper-
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citrullination through leukotoxin A, leading to extracellular release of citrullinated proteins
and further immune activation [8,12].

Clinical findings support the biological plausibility of this interaction. Individuals
with RA are frequently presented with more extensive periodontal destruction compared
to controls [8]. In some studies, periodontal severity has been associated with higher RA
disease activity scores, suggesting that systemic and oral inflammation may influence
one another [6,8,13]. However, the directionality of this relationship remains uncertain as
longitudinal data are still limited.

RA is a common chronic inflammatory disease that leads to progressive joint damage,
disability and increased cardiovascular risk. Periodontitis is also highly prevalent world-
wide and remains one of the main causes of tooth loss in adults. Since both conditions
are characterized by persistent inflammation and immune dysregulation, understanding
whether PD contributes to the development or progression of RA is clinically important.
Although many studies have explored this association, uncertainties remain regarding
causality and the clinical impact of periodontal treatment on RA outcomes. Therefore,
a focused narrative review summarizing current evidence and highlighting unresolved
questions is justified.

The objective of this narrative review is to summarize current evidence on the bio-
logical and clinical relationship between RA and periodontitis. Specifically, this review
aims to: describe shared pathogenic mechanisms including bacterial-induced citrullination
and complement activation, examine epidemiological and clinical evidence linking the two
conditions, and discuss the potential implication for interdisciplinary patient management.

2. Materials and Methods

A search was conducted in the following electronic databases from 1 January 1999 to
31 December 2025: PubMed /MEDLINE, Scopus, Web of Science. Supplementary searches
were performed in PubMed Central (PMC) and publisher platforms (Wiley Online Library,
SpringerLink, Elsevier/ScienceDirect) and in gray literature sources such as ResearchGate
for preprints and theses. To identify further studies the reference lists of included articles
and relevant reviews were carefully searched by hand.

We included experimental, observational and interventional studies investigating
the association between RA and PD, along with mechanistic and microbiological studies
that inform the shared-pathogenesis hypothesis. Eligible studies were: peer-reviewed
articles and preprints reporting original data in humans or relevant animal/in vitro models,
published in English. Reviews and case reports with fewer than 5 cases, conference abstracts
without full text, and non-scientific webpages were excluded.

Search strings combined terms for RA and PD (examples): (“rheumatoid arthritis” OR
“RA”) AND (“periodontitis” OR “periodontal disease” OR “periodontal”) AND (Porphy-
romonas OR “Aggregatibacter actinomycetemcomitans” OR citrullination).

All retrieved records were imported into a reference manager (Mendeley) and dedu-
plicated.

The literature search was conducted by two authors independently. Studies were
screened based on titles and abstracts, followed by full-text assessment for eligibility.
Disagreements were resolved through discussion. As this was a narrative review, no
formal quality assessment tool was applied. However, priority was given to systematic
reviews, meta-analyses, well-designed clinical studies and experimental studies that clearly
explained the biological mechanisms involved.
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3. Results
3.1. Oral Manifestations of Rheumatoid Arthritis

A number of oral and maxillofacial manifestations have been described in patients with
RA, reflecting both the systemic inflammatory burden of the disease and the side effects of
its treatment [14]. Among the most well-recognized associations is the co-occurrence of
Sjogren’s syndrome, an autoimmune condition in which lymphocytic infiltration of exocrine
glands causes xerostomia (dry mouth) and keratoconjunctivitis sicca (dry eyes) [14,15].
Xerostomia contributes to a higher risk of dental caries, oral candidiasis, dysgeusia, and
difficulties with mastication and swallowing.

In addition to articular involvement, RA is associated with a range of oral and maxillo-
facial manifestations. Autoimmune conditions with oral features, such as systemic lupus
erythematosus (SLE), may coexist in patients with RA and present as mucosal ulcerations,
erythema, or lichenoid lesions [14]. Temporomandibular joint disorders (TM]) involvement
has also been described with imaging studies demonstrating condylar erosion, surface
flattering or anterior disk displacement [14,16]. Clinically affected individuals may report
joint discomfort, crepitus, or restricted mandibular movement.

Pharmacological management of RA can further influence oral health status. Long-
term administration of disease-modifying antirheumatic drugs (DMARDs) and biologic
agents has been associated with mucosal complications and increased susceptibility to
infection. Methotrexate, for instance, may induce ora mucositis or ulceration, particularly
when folate supplementation is insufficient [14,17]. Similarly, biologic therapies targeting
tumor necrosis factor-alpha (TNF-«) have been linked to opportunistic infections, including
reactivation of herpes simplex virus and oral candidiasis [18].

Periodontal involvement remains one of the most frequently reported oral findings
in RA. Both RA and periodontitis are characterized by chronic immune-mediated inflam-
mation, and sustained periodontal infection may contribute to systemic inflammatory
burden [18]. Elevated circulating levels of pro-inflammatory mediators such as IL-1f3,
TNF-«, IL-6 and CRP have been proposed as potential biological links between the two con-
ditions [19]. Consistent with this hypothesis, several studies have documented increased
gingival bleeding, deeper probing depths, and greater attachment loss in RA patients
compared with healthy controls [20]. While smoking is a significant shared risk factor, it
does not entirely explain these findings, as non-smoking RA patients also show substantial
periodontal tissue damage [20,21].

Considering these complex oral health implications, it is advisable that RA patients
receive regular dental and periodontal evaluations as part of comprehensive care. Co-
ordinated management involving rheumatologists, dentists, and periodontists can help
prevent oral complications, support overall systemic health and potentially decrease the
inflammatory load associated with RA.

3.2. Autoimmune Reaction and Citrullination

A defining feature of RA is the presence of anti-citrullinated protein antibodies and
rheumatoid factor (RF), both of which are closely associated with disease progression
and joint destruction [22]. These autoantibodies recognize modified self-proteins within
synovial joint tissues and contribute to the formation of immune complexes. Subsequent
activation of dendritic cells and macrophages promotes the release of pro-inflammatory
cytokines and matrix-degrading enzymes, perpetuating local and systemic inflamma-
tion [22,23]. Genetic susceptibility also contributes to the development of both rheumatoid
arthritis and periodontitis. Polymorphisms within the HLA-DRB1 shared epitope are
strongly associated with RA, while genetic variations affecting inflammatory mediators,
such as interleukin-1, have been linked to increased susceptibility to periodontal disease.
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Emerging evidence suggests that overlapping genetic risk factors may partly explain the
co-occurrence of these two chronic inflammatory conditions [24-27].

Citrullination represents a key biomechanical process in RA, involving the enzymatic
conversion of arginine residues into citrulline by PAD enzymes, resulting in structural modi-
fications that may trigger autoimmune recognition [28]. This biochemical alteration changes
protein structure and charge, potentially exposing neoepitopes capable of triggering im-
mune recognition [28,29]. In RA, increased PAD activity and accumulation of citrullinated
proteins have been documented not only in synovial fluid but also at mucosal surfaces,
with PAD2 and PAD4 considered particularly relevant in disease development [29,30]. The
presence of citrullinated antigens at extra-articular sites has strengthened the hypothesis
that autoimmunity may begin outside the joint.

Among oral microorganisms, P. gingivalis is distinctive for expressing its own bacterial
PPAD, an enzyme capable of directly citrullinating host proteins [8,20]. Unlike human PAD
enzyme, PPAD activity does not strictly depend on the same regulatory mechanisms, which
may facilitate the generation of atypical citrullinated antigens. This has led to the suggestion
that infection with P. gingivalis could initiate or amplify ACPA production in predisposed
individuals [20,31]. Although a causal relationship remains under investigation, this
mechanism represents one of the most biologically plausible links between periodontal
infection and RA [20].

A distinct pathway has been described for AA. Through the action of leukotoxin A
(LtxA), this bacterium can induce neutrophil hypercitrullination, resulting in the extracellu-
lar release of large quantities of modified proteins [8,32]. This process resembles neutrophil
extracellular trap (NET) formation. NETosis, a specialized form of inflammatory cell death,
releases DNA, histones and citrullinated proteins, potentially broadening the spectrum of
autoantigens recognized by ACPAs [22,33].

Taken together, the interplay between bacterial virulence factors, host PAD activation,
and dysregulated immune responses supports that mucosal citrullination, particularly in
the oral cavity, may contribute to the early stages of systemic autoimmunity in genetically
susceptible individuals [2,28,34]. Nevertheless, the temporal sequence of these events and
their precise contribution to disease initiation remain the areas of ongoing investigation.

3.3. Citrullination and P. gingivalis

The oral cavity has increasingly been considered a potential extra-articular site in-
volved in the early stages of autoimmune activation in RA. Within the complex oral
microbiome, P. gingivalis has attracted particular interest because it expresses a unique bac-
terial PPAD. This enzyme converts arginine residues in host proteins into citrulline, altering
their structural and electrostatic properties [8,20,28]. Such modifications may generate
neoantigens capable of breaking immune tolerance and promoting the formation of ACPAs,
which are highly specific for RA [8,11]. Emerging evidence continues to reinforce the
central role of citrullination in linking mucosal inflammation with systemic autoimmunity
in RA [35].

In humans, citrullination is normally mediated by a family of PAD enzymes (PAD1-
PAD6), with PAD2 and PAD4 most strongly implicated in RA pathogenesis [29,36]. These
host enzymes require elevated intracellular calcium levels and are typically activated
during inflammatory cell-death processes, including apoptosis and neutrophil extracellular
trap formation (NETosis). In contrast, PPAD produced by P. gingivalis functions under
physiological calcium conditions and is capable of citrullinating extracellular substrates
within the periodontal environment [28,37]. Recent experimental and translational studies
further support the contribution of P. gingivalis-mediated citrullination to systemic immune
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Periodontitis

activation [7]. This distinction suggests that bacterial-mediated citrullination may occur in
settings where host PAD activity would otherwise be limited.

Structural differences between PPAD and human PAD enzymes further enhance
their immunological relevance. PPAD preferentially targets C-terminal arginine residues,
generating epitopes not commonly produced by endogenous PADs [28,38]. Moreover, P.
gingivalis secretes gingipains (RgpA, RgpB, and Kgp), proteases that cleave host proteins
and expose arginine residues, thereby increasing substrate citrullination [20,39]. The
coordinated action of gingipains and PPAD may therefore amplify the pool of modified
proteins within periodontal tissues.

Animal studies provide additional support for this proposed mechanism. In genetically
susceptible murine models, oral infection with P. gingivalis has been associated with systemic
inflammation, ACPA production, and exacerbating of erosive arthritis [8,40]. Observational
human studies have similarly reported correlations between elevated anti-P. gingivalis anti-
body titers and increased RA risk, even after adjustment for smoking and other confounding
factors [20,41]. While these findings do not establish causality, they strengthen the biological
plausibility of a periodontal contribution to RA-related autoimmunity.

Overall, the evidence aligns with the mucosal origin’s hypothesis, which proposes
that immune tolerance may first be disrupted at mucosal surfaces before clinically evident
joint disease develops [2,20,28,42]. Nevertheless, the temporal relationship between peri-
odontal infection and RA onset remains incompletely defined, and further longitudinal
investigation is warranted.

A schematic representation of the proposed mechanisms linking periodontitis and
rheumatoid arthritis is presented in Figure 1.
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Figure 1. Schematic representation of the proposed mechanisms linking periodontitis and rheuma-
toid arthritis.
3.4. Clinical and Epidemiological Evidence Linking Rheumatoid Arthritis and Periodontitis

A substantial body of epidemiological research supports an association between RA
and PD [43]. Observational studies and meta-analyses consistently report higher prevalence
and greater severity of periodontitis among individuals with RA compared to systemically
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health controls, even after adjustment for shared risk factors such as smoking [43,44].
More recent cohort and case-control studies have confirmed these findings, reporting
significantly increased prevalence of periodontitis among RA patients [45,46]. Although
these data suggest a bidirectional relationship, the strength and direction of causality
continue to be debated.

Clinical studies have shown that individuals with long-standing, active RA often
exhibit deeper periodontal pockets, greater clinical attachment loss, and higher bleeding
on probing (BOP) compared to people without RA [43]. Additionally, periodontitis has
been linked to increased RA disease activity, as indicated by higher disease activity score-
28 (DAS28) values, elevated erythrocyte sedimentation rate (ESR), and raised C-reactive
protein (CRP) levels [43,47].

Research suggests that periodontal treatment may positively influence RA activity.
Several intervention studies report that non-surgical periodontal therapy (NSPT), such
as scaling and root planning, can lower systemic inflammatory markers (including CRP
and IL-6) and, in certain cases, modestly improve RA clinical scores [43,48]. Recent clinical
trials and systemic reviews further support the potential beneficial effects of periodontal
therapy of RA disease activity [48,49].

The extend and duration of these benefits vary across studies, and the precise mecha-
nisms driving the clinical improvements are still under investigation.

Smoking, a major shared environmental risk factor for both RA and periodontitis, may
affect these associations. However, evidence from non-smoking RA patients also indicates
increased prevalence and severity of periodontitis, suggesting that relationship between
RA and PD is not solely due to shared risk behaviors [20,50].

Longitudinal studies remain limited, and it is not yet fully understood whether peri-
odontitis precedes RA onset, accelerates its progression, or primarily results from systemic
inflammation and the effects of immunosuppressive therapy. However, the mucosal ori-
gins hypothesis provides a plausible model, proposing that periodontal inflammation and
bacterial dysbiosis has been proposed as a potential contributor to autoimmune processes
that later manifest as RA [2,20,28,51].

The convergence of immune dysregulation shared microbial triggers (e.g., P. gingivalis
and AA), and systemic inflammatory burden reinforces the rationale for integrated oral—-
rheumatologic care. Given the potential reciprocal impact of RA and PD on disease severity
and quality of life, routine periodontal evaluation and treatment may be considered in the
comprehensive intervention of RA patients [43,52].

4. Discussion
4.1. Immune System and Complement Pathway in Periodontitis and Rheumatoid Arthritis

The immune system defends the host against microbial pathogens and is generally
categorized into innate and adaptive components. Although these branches are often
described separately, they function in a coordinated manner: the innate immune system
provides the immediate defense, whereas the adaptive immune response develops over
several days through the clonal expansion of antigen-specific T and B lymphocytes [53].

A key link between innate and adaptive immunity is the complement system, a
complex assembly of serum- and membrane-associated proteins that enhances pathogen
elimination through opsonization, chemotaxis and direct microbial lysis [54,55]. The
complement cascade can be initiated via three primary pathways:

1. Classical pathway—activated by antigen—-antibody complexes.

2. Lectin pathway—triggered by mannose-binding lectin binds to microbial surfaces.

3. Alternative pathway—constitutively active at low levels, amplifying responses
to pathogens.
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Upon activation, complement components undergo proteolytic cleavage, generating
fragments with distinct biological functions. Larger fragments, such as C3b, bind cova-
lently to microbial surfaces and facilitate opsonization, thereby enhancing phagocytosis by
neutrophils and macrophages. Smaller fragments, including C3a and C5a, act as potent
chemo attractants and promote local inflammation [55,56]. Terminal pathway activation
leads to assembly of the membrane attack complex (C5b-9), which can disrupt bacterial
membranes [55].

4.2. The Dual Role of Complement in Maintaining Health and Promoting Disease

Although essential for host defense, complement activation must be tightly regu-
lated, excessive or uncontrolled activation can contribute to tissue injury rather than
protection [54]. This dual nature has been described as a “double-edged” phenomenon,
particularly relevant in chronic inflammatory and autoimmune disease. Genetic predispo-
sition, aging, and persistent immune stimulation may shift complement activity toward a
pathogenic role, thereby sustaining inflammatory cascades in conditions such as RA [54,57].

In RA, complement-derived mediators including C3a and C5a are involved in the
recruitment of neutrophils and monocytes into synovial tissue, amplify cytokine production,
and contribute to cartilage and bone degradation. Similar dysregulation has been observed
in periodontal tissues, suggesting that complement-mediated mechanisms may contribute
to inflammatory amplification in both environments. Experimental models show that
inhibition of C5a—Cba receptor signaling may reduce joint inflammation and damage [58].

In periodontitis, the bacterial immune evasion may contribute to systemic circulation,
sustaining low-grade inflammation that may exacerbate RA [58]. Contemporary research
increasingly supports an integrated model in which oral and systemic inflammation are
closely interconnected [59].

4.3. Systemic Effects and Interconnection

Periodontal inflammation has been associated with elevated systemic levels of CRP,
IL-6, and other acute phase reactants that are also implicated in RA disease activity [5].
Elevated reactive oxygen species (ROS) from overactive neutrophils contribute to oxidative
tissue damage both locally in the periodontium and in distant sites such as the synovium.

Recent studies indicate that periodontal therapy may influence complement activa-
tion and systemic inflammatory responses. In a randomized clinical trial, non-surgical
periodontal treatment in patients with RA led to significant reduction in serum C3 and
C4 levels, along with improvements in both periodontal health measures and RA disease
activity scores [60].

However, not all interventional studies have demonstrated consistent improvement
in RA activity following periodontal therapy. Differences in study design, sample size,
follow-up duration, and disease severity may influence outcomes.

Therefore, while current findings are encouraging, the therapeutic impact of periodon-
tal treatment on RA requires further confirmation through larger and well-controlled trials.

This review has limitations adherent to narrative designs. Although a structured search
strategy was applied, study selection and interpretation were not conducted using formal
systemic review methodology. Additionally, many available studies are observational in
nature, limiting conclusion regarding causality. Heterogeneity in periodontal assessment
methods and RA activity measures further complicate direct comparison of findings. Future
longitudinal and interventional studies are needed to clarify temporal relationships and
therapeutic impact.
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5. Conclusions

The reviewed evidence underscores a complex two-way relationship between RA and
periodontitis, driven by chronic inflammation, autoimmunity, and microbial imbalance.
Individuals with RA show various oral manifestations, including dry mouth and mucosal
lesions. Temporomandibular disorders (TMD), and PD, which are influenced by both
systemic disease activity and long-term treatment, dysregulated complement activation
and bacterial-induced citrullination, particularly by P. gingivalis and AA, offer mechanistic
explanations linking local oral inflammation to systemic autoimmune responses.

Coordinated management involving rheumatologists, dentists and periodontologists
may help reduce oral complications and potentially attenuate systemic inflammatory burden
in patients with RA. Periodontal therapy should not be viewed solely as a local intervention
but rather as part of a broader strategy aimed at modulating chronic inflammation.

Future research should focus on elucidating the precise molecular pathways linking
oral and systemic inflammation, as well as the role of the microbiome and host genetics in
disease progression. Longitudinal and interventional studies are also needed to determine
whether targeted periodontal therapy can modify the course of rheumatoid arthritis.

While current evidence supports a biologically plausible connection between mucosal
inflammation and RA pathogenesis, further longitudinal and interventional studies are
needed to determine the extent to which integrated oral—rheumatologic care can influence
long-term clinical outcomes.
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