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The strict link between periodontitis (PD) and rheumatoid arthritis (RA) has been widely demonstrated by several studies. PD is
significantly more frequent in RA patients in comparison with healthy subjects: this prevalence is higher in individuals at the
earliest stages of disease and in seropositive patients. This is probably related to the role of P. gingivalis in inducing citrullination
and leading to the development of the new antigens. Despite the many studies conducted on this topic, there is very little data
available concerning the possibility to use the same biomarkers to evaluate both RA and PD patients. The aim of the review is to
summarize this issue. Starting from genetic factors, data from literature demonstrated the association between HLA-DRBI
alleles and PD susceptibility, similar to RA patients; moreover, SE-positive patients showed simultaneously structural damage to
the wrist and periodontal sites. Contrasting results are available concerning other genetic polymorphisms. Moreover, the
possible role of proinflammatory cytokines, such as TNF and IL6 and autoantibodies, specifically anticyclic citrullinated peptide

antibodies, has been examined, suggesting the need to perform further studies to better define this issue.

1. Introduction

Abundant evidences recorded in literature demonstrated
that rheumatoid arthritis (RA) and periodontitis (PD) are
frequently associated with each other and share several path-
ogenic and clinical features [1].

RA is a systemic inflammatory autoimmune disease
characterized by chronic inflammation and joint tissue
destruction, leading to functional disability. Similarly, PD
patients experience chronic inflammatory diseases [1-3].
In particular, PD are dysbiotic conditions characterized by
an imbalance between subgingival communities and host
immune response. The transition from health to PD is char-
acterized by shifts in the community structure of the com-

plete subgingival microbiome [4-6].

PD is currently considered a risk factor for RA: the
first link between these two conditions was identified in P.
gingivalis, a gram-negative anaerobe bacteria characterized
by the presence of peptidylarginine deiminase (PAD). This
enzyme contributes to RA development by catalyzing citrul-
lination, a posttranslational modification playing a crucial
role in the production of anticyclic citrullinated peptide anti-
bodies (ACPA), widely recognized as diagnostic and prog-
nostic biomarkers for RA patients [7, 8]. Recently, our
group observed a significant association between the percent-
ages of P. gingivalis, assessed by real-time PCR, on the total
tongue biofilm and RA disease activity (evaluated as disease
activity score on 28 joints—DAS28) [9]. This result suggests
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that the oral cavity microbiological status could play a role in
the pathogenic mechanisms of inflammation, leading to
more active diseases [9, 10].

More recently, the role of Aggregatibacter actinomyce-
temcomitans has been suggested. This oral pathogen could
induce hypercitrullination at neutrophil level by secreting
leukotoxin A that is able to change neutrophil morphology,
mimicking extracellular trap formation. Finally, this process
results in the hypercitrullinated autoantigen release, trig-
gering autoimmune response in RA patients [11]. From
an epidemiological point of view, several studies have been
conducted which remarked the association between RA
and PD. The main data is summarized in Table 1. Specif-
ically, case-control studies underline a higher prevalence of
PD in RA patients in comparison with healthy controls
[12-24]. PD prevalence is higher in early RA patients at
disease onset, despite the young age and paucity of smoking
history [14-18]. In addition to higher prevalence, RA
patients show a more aggressive PD compared to HS (healthy
subjects) [15, 16, 18-21]. Furthermore, some studies have
carried out a comparison with OA patients. Dissick and
his colleagues observed that PD was more common and
severe in RA patients compared to OA. Moreover, in RA,
the presence of PD was significantly associated with positiv-
ity for rheumatoid factor (RF) and ACPA [13]. More
recently, Gonzalez and coauthors observed that ACPA-
positive RA patients showed significantly higher mean per-
centage of sites with alveolar bone loss (ABL) greater than
20% in comparison with OA patients. Moreover, ABL sub-
stantially connected to ACPA titers and disease activity in
terms of DAS28 [25]. The same cohort was evaluated in
terms of HLA-DRB1 and anti-P. gingivalis antibodies,
showing higher ACPA levels in patients with subgingival P.
gingivalis and in those with higher anti-P. gingivalis antibody
levels [26].

Moving passed the strict association between RA and PD,
from an epidemiological and pathogenic point of view, it is
possible to hypothesize a common genetic background and
the sharing of inflammatory mediators between RA and
PD. The review thoroughly covers this topic.

1.1. Genetic Biomarkers. Several studies have confirmed the
role of genetic factors in the RA development: according to
a multifactorial model, the interaction between genetic back-
ground and environmental factors leads to the development
of an autoimmune inflammatory condition, resulting in
autoantibodies production. The highly polymorphic HLA-
DRBI1 locus (the so-called shared epitope—SE) represents
the strongest genetic factor involved in disease development.
Particularly, all HLA-DRB alleles with the SE provide RA-
prone antigen recognition: this leads not only to an increased
risk of developing RA but also to the progression into a more
erosive, deforming disease. Furthermore, a gene-environ-
ment interaction between smoking and SE genes seems to
be crucial in the development of seropositive RA. None-
theless, the contribution of other genetic polymorphisms
on RA susceptibility has been also investigated: among
these, SNPs in signal transducer and activator of transcrip-
tion 4 (STAT4), Fc gamma receptor (FCGR), protein
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tyrosine phosphatase nonreceptor type 22 (PTPN22),
PADI-4, tumor necrosis factor (TNF), and interleukin 6
(IL6) genes have been associated with disease development
in several case-control studies [27]. It is important to note
that genetic polymorphisms could be also associated with dif-
ferent disease phenotypes, in terms of radiographic damage
progression [28-30]. Moreover, in 2011, we suggested the
possible role of TGF-f 869C/T and IL6-174G/C polymor-
phisms in determining erosive damage evaluated by ultraso-
nographic assessment in a cohort of RA patients [31].

Some of these genetic factors have been also associated
with PD susceptibility, reinforcing the hypothesis of com-
mon pathogenic mechanism with RA. Specifically, SE pos-
itivity has been widely linked to PD development.

In 2006, Marotte and colleagues investigated the presence
of an association between bone destruction at the joint and
periodontal level in a wide RA cohort. The analysis of 147
subjects—56.5% of whom with PD—demonstrated a strong
association between PD and wrist destruction, assessed
by the radiographic Larsen score. Specifically, the authors
identified a significant association between SE positivity
and bone destruction in wrist and periodontal sites. In fact,
SE+ patients showed 2.5 times greater risk of having wrist
joint destruction than SE- (OR =2.5). In the same way, SE+
patients had a 2.2 times greater risk to have periodontal
destruction compared to SE- (OR =2.2). The comparison
between patients with both site destruction and those with-
out any destruction demonstrated the association with SE
positivity (OR =3.9). This evidence underlines the possible
role of SE in bone destruction at both sites, suggesting a
simultaneous action [32].

Data from Marotte and colleagues agreed with a previous
study conducted by Bonfil and colleagues in 1999, suggesting
the role of SE as a prognostic factor for PD susceptibility [33].

The possible role of SE-coding DRBI1 alleles has been
recently underlined by Gehlot and colleagues: the authors
observed that transgenic SE+ mice, but not SE- mice, sponta-
neously developed PD, associated with IL17 overexpression
and periostin disruption. Moreover, SE-positive mice showed
significantly lower mandibular bone volumetric and mineral-
ization parameters, together with increased alveolar bone
resorption [34].

In addition to SE, the possible role of other RA-related
genetic polymorphism has been investigated to analyze the
association with bone destruction at periodontal level [35].
The studies conducted so far did not produce conclusive
results, mainly due to small size cohorts (generally less than
100 patients enrolled), leading to a lack of statistical power
to properly detect an association. Hereupon, genotype and
allele frequencies could widely vary between different ethnic
groups and the same genetic variants could play a different
role in different populations. Data from literature provides
some evidences to support the association between an
aggressive PD and SNPs in interleukin 1 beta (IL1/3), inter-
leukin 1 receptor antagonist (ILIRN), FCGR IIIb, vitamin
D receptor (VDR), and Toll-like receptor 4 (TLR4) genes.
Moreover, a chronic PD was associated with polymorphisms
in IL1B, ILIRN, IL6, IL10, VDR, CD14, TLR4, and matrix
metalloproteinase-1 (MMP1) genes [34]. The low statistical
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power of these studies was also demonstrated by the results
of the meta-analysis conducted by Nikolopoulos and col-
leagues in 2008, confirming exclusively a moderate and weak
positive association between the IL1 composite and IL1B-
511 genotypes and the occurrence of chronic PD [36]. More
recently, the SNP rs2237892 of KCNQI gene resulted in a
significant association with the coexistence of RA and
chronic PD, confirmed in the multiple logistic regression.
These results suggest that individuals carrying rs2237892 T
allele are likely to have both diseases [37]. The specific role
of KCNQI gene in RA and PD pathogenesis has not been
completely defined: the associated SNP is located in intron
15 of the KCNQI gene on chromosome 11p 15.5, encoding
the pore-forming « subunit of a voltage-gated K* channel,
crucial for the repolarization phase in the cardiac muscle.
Moreover, this channel is also expressed at the plasma mem-
brane of fibroblast-like synoviocytes from RA patients and
could play a role on cell proliferation and adhesion and
secretion of proinflammatory cytokines [38].

1.2. Inflammatory Biomarkers. As widely demonstrated, both
RA and PD are characterized by an imbalance between proin-
flammatory and anti-inflammatory cytokines. In general, high
levels of IL1, IL6, and TNF have been demonstrated both in
patients with RA and PD. This increased expression of proin-
flammatory cytokines could stimulate STAT?3 activation, play-
ing a key role in the pathophysiology of RA and PD [39].

Particularly, an increased expression of IL1 and TNF has
been demonstrated in RA synovium and PD gingival tissues
[40]. The central role of inflammatory cytokines in RA path-
ogenesis has been confirmed by the introduction of biological
drugs more than 20 years ago. These drugs are characterized
by an innovative mechanism of action, based on the targeted
inhibition of specific molecular or cellular targets directly
involved in the disease pathogenesis: proinflammatory cyto-
kines (TNF, IL1, and IL6), CTLA-4, and molecules involved
in the activation, differentiation, and maturation of B cells.
Their use is associated with better prognosis and the possibil-
ity to obtain a clinical remission [41].

Moving on a PD scenario, increased IL1 and TNF levels
in periapical exudates were identified in these patients [42].
Moreover, PD progression was reduced by IL1 and TNF
inhibitors in experimental models: specifically, histomor-
phometric analysis indicates that IL1 and TNF antagonists
significantly reduced the loss of connective tissue attachment
by approximately 51% and the loss of alveolar bone height
by almost 91% [43]. In 2013, Cetinkaya and colleagues
aimed to assess whether PD and RA patients share similar
proinflammatory and anti-inflammatory cytokine profiles
at a serum and gingival crevicular fluid (GCF) level. The
study included 17 RA patients, 16 PD patients, and 16 HS.
The authors did not obtain consistent results regarding pro-
inflammatory and anti-inflammatory cytokine levels. Specif-
ically, the total amount and GCF concentration of IL1b, IL4,
IL10, and TNF were similar in RA and PD patients. How-
ever, the authors underlined the possible influence of the
treatment in RA patients [44].

The salivary levels of matrix metalloproteinase-8
(MMP8) and IL1B were also evaluated in RA patients in

comparison with PD and HS. The PD group showed signifi-
cantly higher salivary levels of MMP-8 and IL1B in compar-
ison with other groups; nevertheless, IL1B was the only
biomarker significantly higher in RA compared to controls.
Interestingly, RA patients treated by anti-TNF showed lower
IL1B and TNF levels compared to nontreated patients [45].
Despite these nonconclusive results, some studies suggest
that anticytokine treatment could improve PD. In 2016,
Kobayashi and colleagues demonstrated a significant reduc-
tion of periodontal inflammation (assessed in terms of gingi-
val index, bleeding on probing, and probing depth) in RA
patients treated with tocilizumab and TNF inhibitors. As
expected, treatment induced also decreased significantly in
RA disease activity parameters, including DAS28-CRP, num-
ber of tender and swollen joints, and serum levels of ACPA
and RF [46]. This treatment relationship was confirmed also
by the evidence that nonsurgical treatment for PD seems to
be able to improve the RA activity status: growing evidences
demonstrated significant improvement of ESR, CRP, and
DAS28 during PD treatment in RA patients [47, 48].

2. Autoantibodies

Some studies have investigated the presence of RA-related
autoantibodies in PD patients. Taken together, PD patients
demonstrated a high frequency of ACPA compared to con-
trols; moreover, these antibodies showed a significantly
higher titer in PD [3, 49].

However, these studies enrolled small populations and
differences between patients and controls were not statisti-
cally significant. In 2014, De Pablo and colleagues tested sera
from 194 patients with and without PD, none of whom with
RA, to assess the presence of different antibodies. PD was
associated with a normal frequency of ACPA and antimu-
tated citrullinated vimentin (about 1%), but a significantly
higher frequency of positive anticitrullinated a-enolase
peptide-1 (anti-CEP-1; 12% versus 3%) and its uncitrulli-
nated form (16% versus 2%; p < 0.001). Moreover, positive
antibodies against uncitrullinated fibrinogen and uncitrulli-
nated equivalent of CCP were more common in PD com-
pared to non-PD patients (26% versus 3%; 9% versus 3%).
The presence of these autoantibodies was not associated
with smoking status, confirming that the PD autoantibody
response was not exclusively due to smoking [50]. Moreover,
the study conducted by Gonzales in 2015 underlines the
possible role of ACPA, observing that ACPA-positive RA
patients had a significantly higher mean percentage of sites
with ABL greater than 20% compared to OA controls [51].
More recently, the presence of anticitrullinated histone H3
autoantibodies was investigated: these biomarkers were
found in 39% of RA patients compared to 8% in HC and
10% in PD patients. No associations were found between
anticitrullinated histone H3 levels and periodontal status in
RA patients [52].

3. Conclusions

Despite the widely demonstrated connection between RA
and PD from an epidemiological and pathogenetic point of
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Genetic factors
(HLA-DRBI, IL1, KCNQ1)

Inflammatory biomarkers
(TNE IL1, IL6, MMP1, MMP8)

Autoantibodies
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F1GURE 1: Suggested genetic factors, inflammatory biomarkers, and
autoantibodies shared by rheumatoid arthritis and periodontitis.
IL1: interleukin-1; TNF: tumor necrosis factor; MMP1: matrix
metalloproteinase-1; MMP8: matrix metalloproteinase-8; ACPA:
anticyclic citrullinated peptide antibodies.

view, data from literature does not seem to support the shar-
ing of the same mediators. Regarding genetic factors, the
most consistent data are related to HLA-DRBI alleles: espe-
cially the presence of SE is associated with susceptibility
and severity in both diseases. Conversely, contrasting results
are available concerning other genetic polymorphisms or
proinflammatory cytokines such as TNF, IL1, and IL6.
Finally, there are few cases in which RA-related antibodies
are found in PD patients. These evidences are graphically
represented in Figure 1. Altogether, the paucity of data on
this topic suggests that deeper studies, including wider popu-
lations and with a longitudinal design, are required to better
clarify this issue.
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