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Abstract

There have been numerous publications investigating the relationship between periodontitis (PD)
and rheumatoid arthritis (RA) so far.

This publication presents the common risk factors for the development of PD and RA. The major
impact of the pathological bacterial factor and cigarette smoking with chronic inflammation playing
the key role in both diseases has been confirmed by numerous studies in various populations over
the years. More research focuses nowadays also on the role of improper diet and obesity. Patho-
physiological pathways, such as increased concentration of proinflammatory cytokines, indirectly
affecting the cardiovascular complications and coagulation disorders, which has an impact on func-
tion disorders of tissue metalloproteinase inhibitors and the plasminogen activation system, were
also researched.

This systematic review of current literature has shown numerous discrepancies in previous analyses
and the need for further detailed research on the relationship between periodontal status and RA.
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Introduction

Periodontitis (PD) is a chronic inflammation affecting
the tooth-supporting tissues — gingiva, periodontal liga-
ment, cementum on the root surface and alveolar bone —
causing clinical attachment and bone loss, consequent-
ly leading to tooth loss [1]. Rheumatoid arthritis (RA) is
a systemic chronic autoimmune disease. The nonspecif-
ic inflammation presents first in synovial membrane, af-
fecting joints usually symmetrically. Progression of syno-
vitis to systemic inflammation occurs in extra-articular
manifestations and systemic complications [2].

Both diseases probably share a common etiopatho-
genesis and common risk factors — genetic, environmen-
tal and behavioral. It might have an impact on develop-
ment and modify the progress of PD as well as RA, which
was discussed in previous articles [3, 4].

Presence of chronic inflammation is crucial for
progression of both conditions. Numerous studies on
patients with PD and RA confirm increased levels of

proinflammatory cytokines, decreased levels of tissue
metalloproteinase inhibitors, increased levels of prosta-
glandins and an increased number of inflammatory cells,
which affect chronic bone destruction [5-7].

This manuscript is a systematic review based on
PubMed, in relation to the key words: periodontitis and
rheumatoid arthritis, periodontal pathogens and rheu-
matoid arthritis, peptidylarginine deiminase and peri-
odontitis and rheumatoid arthritis, PAS system and
periodontitis and rheumatoid arthritis.

The phrases used for searching articles were devel-
oped in preliminary tests to capture the greatest number
of relevant studies. The exclusion criteria were the lan-
guage of the article other than Polish or English and lack
of access to the full text. The selected studies were then
assessed by two reviewers (dentist and rheumatologist).
First, the papers were assessed with respect to the main
thematic category, and general aspects. Then a detailed
analysis of selected articles was made. From 190 indi-
cated, 60 full text papers were included by the authors.
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Common risk factors for periodontitis and
rheumatoid arthritis

Periodontal biofilm

Citrullination of proteins is a posttranslational con-
version of peptidylarginine to peptidy! citrulline by en-
dogenous peptidylarginine deiminases (PAD), which
occurs naturally in different physiological processes, as
well as in numerous pathological processes, including
inflammation and autoimmunity. Chronic gingival and
periodontal inflammation is associated with increased
local citrullination and PAD expression in PD. From all
pathogens identified to date in periodontal biofilm,
there are two periopathogens — Porphyromonas gingi-
valis (P.g.) and Aggregatibacter actinomycetemcomitans
(A.a.) — which have been suggested to be linked to anti-
citrullinated protein antibodies in patients with RA [8].

The “two-hit” RA model is proposed, based on the
breakdown of tolerance to specific citrullinated pep-
tides produced in gingivitis, followed by the spread of
the epitope to other citrullinated host proteins into ar-
thritis. One of the factors causing gingivitis may be the
P.g., the major pathogen in chronic PD, but also isolat-
ed in biofilm samples from patients suffering from ag-
gressive PD. Porphyromonas gingivalis has the ability to
express PAD post-translational modification of arginine
residues. The presence of citrulline residues in proteins
such as collagen type Il fibrin, fibrinogen, vimentin and
a-enolase initiates immune responses to generate anti-
citrulline antibodies against these proteins [9].

In RA patients, the expression levels of peptidy-
larginine deiminases (PAD-2 and PAD-4) are probably
correlated with the intensity of inflammation and both
enzymes are demonstrable within or in the vicinity of
citrullinated fibrin deposits [10].

Other virulence factors of Pg., including lipopoly-
saccharide (LPS), cysteine proteases (gingipains), hem-
agglutinins and fimbriae, lead directly to chronic in-
flammation, skipping of citrullination, by inducing the
production of multifunctional proinflammatory cyto-
kines: interleukin 1 and 6 (IL-1, IL-6) and tumor necrosis
factor a (TNF-a), which play a key role in pathogenesis
of RA and PD [11].

However, it has been suggested that even if in-
creased citrullination and PAD-2 and PAD-4 expression
in PD have been detected, they may be independent
from the presence of periodontal pathogen P.g. and A.a.
leukotoxins [8].

Smoking

Smoking is the major environmental risk factor for
RA, inducing the production of three autoantibodies:

anti-citrullinated protein antibody (ACPA), anti-carba-
mylated protein antibody (ACarPA) and rheumatoid
factor (RF). The appearance of these antibodies is also
affected by expression of genetic factors, such as pri-
marily the major histocompatibility complex (MHC) and
polymorphism of its HLA-DRBI locus, but also by non-
MHC proteins PTPN22 and PAD-4 [12]. In patients with
RA, with the combination of the environmental factor,
which is smoking history, and the presence of double
copies of HLA-SE genes as a genetic factor, the risk for
the presence of RF increased 21-fold compared to the
risk among nonsmokers carrying no SE genes [13].

Smoking has also been shown to be one of the ma-
jor risk factors for periodontal disease. Studies compar-
ing periodontal status and salivary proteolytic activity of
smokers and former smokers (who did not smoke for at
least 6 months) demonstrated higher salivary pH and
better buffering capacity in non-smokers [14]. In other
research, less periodontal tissue affected by the patho-
logical condition and lower values of clinical periodontal
parameters — probing pocket depth and clinical attach-
ment loss — in non-smokers and even former smokers,
compared to active smokers, has been noted. The re-
lationship of the increased risk of periodontal disease
to quantity and duration of cigarette smoking has also
been demonstrated [15].

The increased prevalence of periodontal disease in
patients who are smokers with serologically positive RA
was investigated. The patients with ACPA antibodies
clearly showed more frequent occurrence of PD among
smokers compared to non-smokers, similarly to patients
with RF antibodies. The risk of PD increased even further
in smokers double positive for ACPA and RF antibodies,
being highest among male patients [16].

However, the biological mechanisms responsible for
the destructive effects of smoking on periodontal health
are unclear. Tobacco smoking seems to induce chang-
es ranging from decreased leukocyte chemotaxis to
decreased production of immunoglobulins, but also to
cause a stronger inflammatory reaction with increased
release of potentially tissue-destructive substances such
as reactive oxygen species, collagenase, serine proteas-
es and proinflammatory cytokines. The current study
indicates a7 nicotinic acetylcholine receptor (a7-nAChR)
as able to mediate the potential synergistic effect of nic-
otine and inflammation [17].

Diet

Another important environmental risk factor for
both diseases is an improper diet. Eating more whole
grains, fish and seafood, vegetables and fruits, reduc-
ing the consumption of red meat, sugar and highly
processed products decreases the risk of occurrence of
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acute symptoms of PD and RA[18, 19]. An improper diet
may affect both diseases also indirectly — it may cause
obesity, which is another risk factor for the development
of RA and PD at any age [20, 21].

The iron metabolism in RA and PD patients has also
been investigated. Increased serum levels of transferrin
have been demonstrated in patients with PD and elevat-
ed hepcidin levels in patients with RA, which indicates
a link between both diseases and iron deficiency [22, 23].

Vitamin C levels also play an important role in many
diseases. Significantly lower vitamin C intake and low-
er blood-vitamin C levels in patients with PD compared
to the controls and the negative effect of low vitamin C
levels on the disease progression have been observed.
The intervention using vitamin C administration after
the diagnosis of periodontal disease improved gingival
bleeding in gingivitis but did not exert any positive im-
pact on PD [24].

In patients over 60 years of age suffering from RA
a link between increased vitamin C intake and increased
vitamin D serum levels, and reduced risk of PD, was
found [25]. The effect of vitamin D deficiency on the de-
velopment of RA and PD is likely due to its key role in
phosphate and calcium hemostasis and in proinflamma-
tory cytokine inhibition controlling the correct condition
of bone structures. However, many studies have exclud-
ed the association of vitamin D levels with RA and PD,
and therefore its role in these diseases is not clear [26].

Diabetes

Both type 1 and type 2 diabetes are associated with
increased levels of IL-6, TNF-a and C-reactive protein
(CRP), which also occur in the pathway of RA and PD.
Moreover, diabetes type 1 and RA are both autoimmune
diseases and share a common genetic risk factor — the
620W allele of PTPN22 [27]. The associations of PD and
RA with diabetes mellitus are two-way relationships —
diabetes increases the risk of occurrence and severity of
PD [28]. It is also a risk factor for RA development [29].

On the other hand, PD negatively affects glycemic
control — it is associated with higher glycated hemoglo-
bin (HbAlc) and fasting blood glucose levels, increasing
the risk of diabetes development or worsening its com-
plications [30]. Rheumatoid arthritis is also associated
withincreased risk of diabetes mellitus occurrence. How-
ever, the treatment of RA patients with disease-modify-
ing anti-rheumatic drugs (DMARDs) has a positive effect
on their glucose metabolism [31].

Cardiovascular diseases

Due to systemic consequences, bacteremia, in-
creased levels of CRP and IL-6 in chronic inflammatory
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diseases such as RA, psoriasis, systemic lupus erythe-
matosus or periodontal disease, the risk of developing
cardiovascular abnormalities also increases. In patients
with RA the risk of cardiovascular disease is 1.5-2 fold
higher than in age- and gender-matched individuals
from the general population [32].

Many studies of both PD and RA showed increased
risk of hypertensive heart disease, ischemic heart dis-
ease, stroke, atrial fibrillation or flutter and myocardial
infarction [33]. In patients with moderate and severe PD
the risk of myocardial infarction was even two to four
times higher [34].

Stress

Stress plays an important role in progression of
chronic diseases such as RA, by release of neurotrans-
mitters (norepinephrine) and hormones (cortisol), which
indirectly affect the immune system and may increase
proinflammatory cytokine levels. Among people with
diagnosed post-traumatic stress disorder research has
shown increased risk of developing a serologically posi-
tive form of RA [35].

The presence of proinflammatory cytokines has
also been examined in former soldiers with periodontal
disease suffering from post-traumatic stress disorder.
There was a link between diagnosed post-traumatic
stress and increased interleukin 6 level as well as Ac-
tinobacillus actinomycetemcommitans and Peptostrep-
tococcus spp. were more frequently isolated from these
patients, which indicates increased risk of PD [36].

Age

In both cases (PD and RA), one of the unmodifiable
risk factors is age over 60 years. In studies on periodon-
tal health in the USA population, sites with clinical at-
tachment loss > 3 mm were present in nearly 96.4% of
patients over 65 years old, and 62.3% of them had one
or more sites with clinical attachment loss of > 5 mm.
Almost half of the older adults had at least one site with
periodontal probing depth > 4 mm and over 10% had
one or more sites with periodontal probing depth > 6
mm [37].

In patients with RA the prevalence of anticitrullinat-
ed protein antibodies and rheumatoid factor, connected
with more frequent seropositive character of the illness,
increases with age. Also, more progressive bone loss has
been diagnosed in people with RA over 60 years of age
compared to younger people [38]. Studies of males with
RA between 60 and 85 years of age also showed signifi-
cantly increased odds of gingival disease, which prove
the mutual influence of both diseases on each other’s
course [25].
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Common pathophysiological pathways for
periodontitis and rheumatoid arthritis

Proinflammatory cytokines

Increased levels of proinflammatory cytokines such
as IL-1, IL-6 and TNF-a are observed in both diseases.
They have been observed in the synovial fluid of in-
flamed joints in patients with RA, and in the gingival
fluid of patients with chronic PD [39, 40].

Interleukin 1 plays an important role in processes
of initiating and sustaining an inflammatory response.
It increases the production of cell adhesion molecules,
facilitating the migration of leukocytes, stimulates the
production of other inflammatory mediators and metal-
loproteinases, activates T- and B-lymphocytes, stimu-
lates osteoclasts leading to bone resorption and affects
cell apoptosis, limiting tissue regenerative capacity [41].

Interleukin 6, mainly produced by monocytes and
macrophages, shows multidirectional action, is involved
in B-cell differentiation, and together with IL-1 stimu-
lates T-cell proliferation. IL-6 may affect synovitis and
joint damage by stimulating neutrophil migration and
osteoclast maturation. IL-6 may also cause activation of
polyclonal B-cells together with the production of rheu-
matoid factor, acute phase protein synthesis and throm-
bopoiesis [39].

Tumor necrosis factor alpha (TNF-a), secreted pre-
dominantly by monocytes and macrophages, regu-
lates the production of collagenases, prostaglandin E2,
chemokines and cytokines, cell adhesion molecules and
bone resorption-related factors. Together with IL-1, it af-
fects bone resorption through joint activation of osteo-
clasts [40].

Metalloproteinases

Matrix metalloproteinases (MMPs) are a group of
enzymes that are principal mediators of extracellular
matrix proteins and basement membrane destruction.
The proper functioning of MMPs is important in phys-
iological processes, such as tissue remodeling, bone
and tooth development, and wound healing. Especially
gelatinases, including the MMP-2 and MMP-9 enzymes,
play a crucial role in hemostasis and the inflammatory
response. Gene polymorphisms of metalloproteinases
and their expression changes are observed in both PD
and RA[42, 43].

Metalloproteinase 9 (gelatinase B, MMP-9), induced
and secreted by neutrophils, macrophages and fibro-
blasts, activates cytokines and chemokines in tissue re-
modeling. It allows the migration of secreting cells from
blood vessels to the inflammation source, which sig-
nificantly affects the regulation of the immune system.
MMP-9 is therefore under physiological conditions one

of the key enzymes in the inflammatory response. How-
ever, its elevated levels can also cause vascular fibrosis
observed in cardiovascular diseases [44].

The enzyme MMP-2 plays a similar role. It is able to
degrade collagen IV, non-collagen components of the
cell matrix and affects fibroblast growth factor; there-
fore it is observed at elevated concentrations in many
cardiovascular diseases [45].

Although in 2016, analysis of 17 publications showed
no effect of polymorphisms of metalloproteinases on
the progression of PD, numerous studies have proved
their impact on periodontal tissues [46]. MMP-13 metal-
loproteinases in PD are responsible for the destruction
of gingival tissues, and MMP-8 with MMP-9 metallopro-
teinases affect resorption of alveolar bone and break-
down of periodontal tissues [47].

In 2018, results of studies on the effect of smoking
on MMP-2 and MMP-9 levels in patients with PD showed
lower expression of MMP-2 and MMP-9 in the saliva, but
increased serum concentration in smokers compared to
non-smokers, which proves a different effect of nicotine
on tissues [48].

Other studies among patients with PD — comparing
smokers and patients with type 2 diabetes — showed
increased expression of MMP-2 and MMP-9 in patients
with diabetes, which is another important risk factor
[49]. MMP-2 and MMP-9 levels have also been exam-
ined in postmenopausal women with diagnosed osteo-
penia — a link between increased gelatinase levels and
bone density reduction in these women was found [50].

In RA, collagenases play a key role in the early stage
of the disease: MMP-1 and MMP-13, leading to destruc-
tion of the synovium and articular cartilage, as well
as MMP-2, MMP-3, MMP-8 and MMP-9 (the last two
increased especially in the advanced stages of the dis-
ease), responsible for the degradation of non-collagen
components of joint cells [51].

Plasminogen activation system

The plasminogen activation system (PAS) is respon-
sible for the proper blood flow in the blood vessels, plays
a key role in the early stages of wound healing and tis-
sue remodeling (by clot formation and fibrinolysis), in
inflammation, cell migration, the post-infective immune
response and angiogenesis. In addition to plasminogen
and plasmin, PAS includes 2 types of plasminogen acti-
vators (PA): urokinase (uPA) or its receptor (UPAR) and
tissue activator (tPA); and two plasminogen activator
inhibitors (PAl): PAI-1 and PAI-2. The uPA activator is
the most important trigger factor for plasmin formation
during cell migration and invasion, while tPA may play
an important role in controlling endovascular fibrin deg-
radation [52].

Reumatologia 2020; 58/4



240 Joanna Samborska-Mazur, Dorota Sikorska, Marzena Wyganowska-Swigtkowska

Plasminogen activator inhibitors 1 and 2 are respon-
sible for the regulation of plasminogen activators (PA).
In the case of overexpression of uPA and tPA, PAI-1 and
PAI-2 restrain the production of extracellular matrix
(ECM), inhibiting intravascular degradation of fibrin.
Plasminogen activation inhibitors are therefore respon-
sible for hemostasis of the coagulation system. Abnor-
mal expression of PAI-1 may be observed in numerous of
pathological processes, including the course of PD and
RA[53, 54].

Plasminogen activator inhibitors 1 and 2, affecting
the migration of macrophages, are associated with the
early phase of wound healing and blood clot formation
in the gingival fissure, as well as with granulation tissue
formation. PAI-1 stimulates differentiation of periodon-
tal ligament stem cells into cementoblasts, which may
suggest its impact in regeneration of periodontal tis-
sues. Deficiency of plasmin or PAI-1 causes spontaneous
gingival hemorrhage and destruction of tooth-support-
ing tissues [52].

Patients with PD have significantly increased lev-
els of uPA and PAI-1 compared to healthy patients [52].
The concentration of the soluble receptor for urokinase
plasminogen activator (SsuPAR), which is associated with
activation of the immune system in various diseases,
was also studied. Increased suPAR levels have been ob-
served in patients with gingivitis and PD compared to
healthy people, in gingival fluid, in saliva and in serum
[55, 56]. Increased concentrations of tPA and PAI-2 have
also been found in the gingival fissure fluid of patients
with PD, showing the highest levels in patients suffering
additionally from RA [57].

In patients with RA also increased tPA and PAI-1 lev-
els compared to healthy people have been observed.
With increasing severity of the disease, an increase in
the levels of PAI-1 and a decrease in the levels of tPA
were demonstrated, with the displacement of balance
between them in favor of the inhibitor, which explains
the fibrinolysis disorders in patients with RA [58].

Clinical studies have also shown the overexpression
of UPA and its receptor uPAR in synovial fluid of patients
with RA, and the protection of their antibody-mediated
neutralization against the induction or progression of
arthritis [59]. As in patients with PD, increased suPAR
levels were found in patients with RA, showing also in-
creased CRP and erythrocyte sedimentation rate (ESR)
values. In studies among patients in remission in RA
with proper values of CRP and ESR, suPAR values were
lower than in patients with active disease but still ele-
vated compared to healthy individuals. An increase in
SUPAR concentration also correlates with an increase in
the DAS28 (Disease Activity Score-28) index classifying
disease severity [60].
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Conclusions

There are probably as many studies showing numer-
ous differences between PD and RA as studies confirm-
ing their correlation. Common proinflammatory factors
affecting the development of both diseases, bacterial,
genetic and environmental factors modifying their pro-
gression, as well as many common comorbidities, lead
not only to the conclusion of their common pathogen-
esis, but also to the possible mutual influence between
PD and RA.

This review shows the multidimensionality of the
connections between both diseases and reveals the
need for further detailed research.

The authors declare no conflict of interest.
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