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ABSTRACT

Rheumatoid arthritis (RA) and periodontitis are both
common chronic inflammatory diseases and may
associate bidirectionally. The diseases show several
similarities in their pathogenesis i.e. inflammatory
mediators, cytokines and proteolytic enzymes are
largely similar, with a tissue degrading profile in the
two conditions. Soft as well as hard tissues are af-
fected. Both are multifactorial disorders, influenced
by a combination of host, lifestyle (smoking), envi-
ronmental and genetic components, and both have a
cyclic nature, fluctuating between chronic and acute
periods. The clinical course of periodontitis in RA pa-
tients has been reported as more severe independ-
ent of age, gender, ethnicity, or smoking history, and
RA patients suffer from increased tooth loss and at-
tachment loss compared with controls.
Periodontitis is a plaque-induced inflammation of the
periodontal tissues causing loss of alveolar bone and
periodontal attachment. The periodontal pathogen
Porphyromonas gingivalis has been hypothesized
to account for a possible link between the diseases
through citrullination.

An increased prevalence of periodontitis in RA pa-
tients has been shown in several studies. However,
the results are conflicting, and a causal relationship
has not been revealed. A possible mutual effect of
treatment is not ascertained. For future studies, it
may be valuable to examine subgroups of RA pa-
tients, paying more attention to medication and
confounders.
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he idea of a possible association between
rheumatoid arthritis (RA) and periodonti-
tis is far from new (1). Already Hippocrates,
400 years B.C., suggested that pulling teeth
could treat arthritis. In 1918 Sturridge re-
ported an RA patient with periodontitis
whom he treated by “removing every particle
of calculus and polishing the root surfaces”,
and “at the same time sterilized the affected
tissues by zinc ionization”. He declared that
the periodontal treatment improved both conditions, and he
was convinced of a causal relationship between periodontitis
and RA. Today, a causal relationship is a matter of discussion,
and possible biological mechanisms that could explain an as-
sociation are the subject of extensive investigation as recently
reviewed (2).

Rheumatoid arthritis

RA is a chronic, inflammatory, autoimmune disease, primar-
ily involving the joints with degradation and deformity, swell-
ing and pain (3). The prevalence of RA in Western countries
is 0.5 - 1.0% in Caucasians, but differs between ethnicities.



Autoantibodies to immunoglobulin G (theumatoid factor, RF)
and antibodies to citrullinated peptides (anti-citrullinated pro-
tein antibodies, ACPAs), are found in 70-80% of RA-patients,
thereby being characteristic markers for RA, the specificity be-
ing as high as 85% and 98%, respectively (4,5). Even though
autoantibodies are an important feature of RA (seropositive
RA), some individuals are negative for these autoantibodies
(seronegative RA), and in addition, 2-5% of the healthy popu-
lation have ACPAs. RA is a complex disease, and environmen-
tal factors may trigger the disorder in genetically susceptible
individuals. The pathogenic mechanisms involved in RA, as
well as the clinical presentation, vary across different disease
stages and between individuals. Risk factors include genetics,
epigenetics, gender, lifestyle and microbiota (6).

Periodontitis

Periodontitis is a chronic inflammatory disease characterized
by progressive destruction of tooth supporting tissues. Persist-
ing biofilm and its harmful bacterial products cause an inflam-
matory reaction in the host. In susceptible individuals, this reac-
tion includes activation of immune cells and release of inflam-
matory mediators resulting in tissue degradation. The course
of periodontitis depends on several individual characteristics
including genetic and environmental factors, first of all lifestyle.

COMORBIDITY

A number of studies have demonstrated an increased suscep-
tibility among RA patients of acquiring advanced periodonti-
tis compared to individuals without RA (7-10). The available
studies are small and hampered by varying diagnostic criteria
for both diseases. Other studies provide weaker evidence of an
association between the diseases (11-13). A systematic review
showed that seven of ten case-control studies found more at-
tachment loss in RA patients and five of seven studies found
significantly increased tooth loss compared to controls (14).
Moreover, a meta-analysis demonstrated that the weighted
mean differences between RA patients and controls were sta-
tistically significant for both periodontal attachment loss and
tooth loss. The findings above have been further supported by
two additional cross-sectional studies (15,16). In another re-
cent meta-analysis, RA patients were reported to have a 13%
greater risk of periodontitis compared to the non-RA cohort,
the range being 4-13% (15). However, current smoking status
was not commented on or adjusted for in the studies included
in the review. Seropositivity for RF and/or ACPAs has been as-
sociated with higher prevalence of periodontitis (16,17). Also,
ACPA-positive RA patients appear more frequently to have peri-
odontitis than do osteoarthritis patients (16). In conclusion,
while the studies demonstrate that the periodontal status is
worse in RA patients compared to controls (14,18), there is
currently limited evidence to support that periodontitis is a
risk factor for RA (19).

Pathogenic similarities

RA and periodontitis are both common chronic inflammatory
diseases, and may associate bidirectionally. The diseases show
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several similarities in their pathogenesis (20), i.e. inflamma-
tory mediators, cytokines and proteolytic enzymes are largely
similar, with a tissue degrading profile in the two conditions.
Soft as well as hard tissues are affected, and both are multifac-
torial disorders, influenced by a combination of host, lifestyle,
environmental and genetic components.

Genetics
RA has a strong genetic component. From twin studies it has been
estimated that the heritability of RA in patients who are positive
for ACPAs is about 60% (21), being lower for seronegative dis-
ease. Identical twins show a disease concordance of 12-15%, in-
dicating an important role of non-coding factors in susceptibility.
Specific class Il human leukocyte antigen (HLA) loci show a
very strong association with RA, and the alleles HLA DRB1*01
and HLA DRB1*04 are significantly associated with the risk of
developing the disease. Genetic differences between ACPA-pos-
itive and -negative RA patients have been detected, and the two
subgroups of RA patients are considered by many investigators
to be two distinct disease entities. Genetic factors also influence
the severity of RA. Likewise, there is a statistically significant
genetic variance for both severity and extent of periodontitis,
and genetic factors have been estimated to account for approxi-
mately 50% of the attachment loss in adult periodontitis pa-
tients (22). Interestingly, HLA DRB1 *04 alleles are risk factors
for severe and rapidly progressive periodontal disease (23,24).

Smoking

Cigarette smoking is one of the most established risk factors
for both RA and periodontitis and has been associated with
increased disease severity and lower rates of disease remission
in both diseases (25,26). Interestingly, in RA patients, smoking
is believed to promote the secretion of peptidylarginine deimi-
nase (PAD) from leukocytes, thereby probably promoting the
process of citrullination (27).

A meta-analysis has described doubling of the risk of ac-
quiring RA in current smokers with a 20-pack-year history of
tobacco use, compared to nonsmokers (28). Another recent
meta-analysis found that smoking increases the risk of peri-
odontitis by 85% (risk ratio=1.85, 95% CI=1.5, 2.2) (29).
Severe periodontitis was found in 18.9% of present smokers,
in 9.5% of former smokers, but only in 5.5% of non-smokers.
The magnitude of therapeutic effect is compromised in smok-
ers compared with non-smokers (30).

The highest risk of periodontitis in established RA has been ob-
served among seropositive current smokers, especially those dou-
ble positive for RF and ACPA (OR 1.9, 95% CI 1.7-2.1) (31,32).
Current smoking ACPA-positive men had the highest prevalence
(OR 2.9,95% CI 1.6-5.3) of periodontitis (31). Dose and duration
of smoking is significant for the risk of periodontal disease as well
as RA, and smoking cessation decreases the risk (32).

Microbial and immunological aspects
A possible role of Porphyromonas gingivalis in RA?

The inflammatory response in RA resembles the response
observed in chronic infections, justifying search for an infec- »
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Fig. 1. Risk factors and potential links between rheumatoid arthritis and periodontitis. P. gingivalis: Porphyromonas gingivalis. PPAD: peptidylarginine deiminase from
P. gingivalis, PAD: peptidylarginine deiminase. APC: antigen presenting cell. ACPAs: anti-citrullinated protein antibodies. Parts of the figure were designed using Servier

Medical Art (https://smart.servier.com).

Fig. 1. Risikofaktorer og potentielle forbindelsesled mellem reumatoid artritis og parodontitis. P. gingivalis: Porphyromonas gingivalis. PPAD: peptidylarginine deiminase
fra P. gingivalis. PAD: peptidylarginine deiminase. APC: antigenpraesenterende celle. ACPAs: anti-citrullinerede protein antistoffer.

tious component, which could initiate or trigger RA. Although
bacterial and viral infections have been hypothesized as trig-
gers in initiation of RA, and patients often relate the onset of
their symptoms to a prior infection, studies have failed to dem-
onstrate a specific organism to be responsible for the disease.
PAD enzymes are considered important for disease progres-
sion in ACPA-positive RA (33). About a decade ago, it was dis-
covered that the enzyme from P. gingivalis (PPAD), equivalent
to host-derived human PAD enzymes, has the ability to citrulli-
nate both bacterial and human proteins (3,4,34) (Fig. 1). Since
P. gingivalis is considered an essential pathogen in the devel-
opment of periodontitis, this finding rekindled the interest to
search for a possible relationship between RA and periodontitis.
In addition to the above described PPAD involved in citrul-
lination, bacterial enolase may also be citrullinated by human
PADs thereby possibly acting as antigens in RA patients (35).
Accordingly, P. gingivalis has been proposed as a causal link
between RA and periodontitis and as responsible for trigger-
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ing and/or driving autoimmunity and autoimmune disease in
the ACPA-positive subset of RA patients (36). Although a role
of P. gingivalis has been further substantiated by the finding of
ACPAs in periodontal tissue (37), its role in RA remains to be
further elucidated. An increased expression of ACPAs in serum
of RA patients in the presence of P. gingivalis has been reported
(16), but the finding was in contrast to that of a previous study
(38). Furthermore, it is still not known if subversion of host im-
mune response by P. gingivalis is a critical event, and the impact
on RA of other bacteria in the biofilm is not clarified.

P. gingivalis has many virulence factors including the gin-
gipain family of proteases, lipopolysaccharides, and fimbriae
(39,40). Antibodies to the P. gingivalis virulence factor, arginine
gingipain type B (RgpB), have been reported significantly el-
evated in patients with periodontitis compared to controls with-
out periodontitis, in RA patients compared to non-RA controls,
and in ACPA-positive RA patients compared to ACPA-negative
RA patients (41). It is noteworthy that the association between



elevated anti-RgpB levels and RA was stronger than the asso-
ciation between smoking and RA.

Other possible links of periodontal pathogens with RA

A number of studies have reported elevated serum antibodies
in RA patients to bacteria associated with periodontitis, includ-
ing P. gingivalis, Prevotella intermedia and Tannerella forsythia
(42,43). Importantly, DNA from P. gingivalis, P. intermedia, T.
forsythia, Treponema denticola and Fusobacterium nucleatum
has been identified in synovial fluid of RA patients (43-46),
but no viable bacteria have been recognized so far. A possi-
ble source of bacterial DNA in the joint could originate from
sources elsewhere including the blood stream.

Recently, it was shown that Aggregatibacter actinomycetem-
comitans, which is another important periodontal pathogen,
induces hypercitrullination in neutrophils through the activ-
ity of the pore-forming toxin leukotoxin-A (LtxA) (47), and A.
actinomycetemcomitans was suggested as a candidate bacterial
trigger of autoimmunity in RA.

In humans, the RA-associated subgingival microbiome is
substantially different from that of healthy controls (48). An-
aerobic species are enriched in the oral microbiota of RA pa-
tients, whereas health associated genera are reduced. Success-
ful RA treatment with anti-inflammatory drugs partially revers-
es the oral microbial dysbiosis (49). Arecent study investigated
the bacterial component of the subgingival microbiome in RA
patients with different periodontal conditions and related these
findings to RA disease activity and periodontal health status of
these individuals (50). The subgingival microbiome of subjects
with active RA disease differed from those with the disease
in remission. Furthermore, it was found that in RA patients
with active disease, anti-inflammatory medication as part of
RA therapy was associated with better oral health status and a
more health related subgingival microbiome compared to that
of RA patients in remission, especially among those who were
current smokers (50). The microbial composition of subgingi-
val plaque differed between no/mild and severe periodontitis
in RA patients (50), which was recently confirmed by others
(51), who also found the severe form of periodontitis to be sig-
nificantly associated with ACPA positivity and increased levels
of systemic and oral inflammatory mediators (51).

Animal studies

Several animal studies support the interactions of RA with peri-
odontitis. Arthritis-induced alveolar bone loss in mice is associ-
ated with qualitative and quantitative changes in the composi-
tion of the oral microbiota, which is in alignment with findings
in humans mentioned above (52).

Moreover, P. gingivalis induced inflammation has been
shown to aggravate the course of RA in experimental animal
models. Pre-existing inflammation caused by subcutaneous
implantation of P. gingivalis in rats promoted development
of arthritis (53). Furthermore, pre-existing periodontitis in-
duced by oral infection of P. gingivalis in combination with F.
nucleatum generated antibodies against citrullinated peptides
derived from PPAD in rats (54). Very recently, it was shown
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|
clinical relevance

Periodontal status is worse in RA patients compared to sys-
temically healthy individuals. RA patients have increased
tooth loss and more attachment loss compared to controls.
Non-surgical periodontal treatment may reduce clinical
symptoms and biomarkers of active RA, but mutual effect
of treatment of the diseases is not ascertained. Smoking in-
creases the risk for periodontal disease and RA. It is particu-
larly important that RA patients, who are current smokers,
are introduced to a program of regular periodontal follow-up.

that periodontitis, induced by oral exposure to P. gingivalis,
triggered seropositive arthritis with systemic inflammation and
bone erosions (55).

Inflammation and cytokine network

In both RA and periodontitis, activation of the innate and the
acquired immune system leads to secretion of the proinflam-
matory cytokines, interleukin (IL)-1p, IL-6, tumor necrosis fac-
tor alpha (TNF-a), lipid mediators including prostaglandin E,
(PGE,), and the tissue destructive enzymes matrix metallopro-
teinases (MMPs). Complex inflammatory signals and cytokine
networks collectively regulate osteoclastogenesis. Disruption
of the balance between osteoblast and osteoclast activities by
bacterial products and/or inflammatory cytokines causes in-
flammation-induced bone loss (56), which is characteristic of
both diseases. Moreover, a systemic low-grade inflammation
induced by periodontitis may worsen the inflammatory reac-
tions in the joints of RA patients and vice versa (18). Similarly,
elevated levels of inflammatory markers have been found in pa-
tients with generalized aggressive periodontitis and in patients
with RA (10). Additionally, dysregulation of immunoinflam-
matory responses has been found in both diseases (8,57-59).
For further details, see (60).

EFFECT OF PERIODONTAL TREATMENT

The effect of periodontal treatment in RA patients has been
evaluated in a number of studies, as previously reviewed (61).
Although small and with limited follow-up period, the avail-
able studies suggest that non-surgical periodontal treatment
may reduce clinical symptoms and biomarkers of active RA
(61). One of the problems is that the patients receive various
types of anti-rheumatic drugs, which complicates the forma-
tion of uniform groups of patients. This is evident in a study
of 40 patients with severe to moderate RA, who received an-
ti-rheumatic drugs alone or combined with anti-TNF-a. Six
weeks after non-surgical periodontal treatment, a positive ef-
fect on symptoms and signs of RA was found (62). Another
study on the effect of full-mouth scaling and root-planing in
RA patients resulted in reduced erythrocyte sedimentation
rate (ESR) after three months, but showed no effect on dis-
ability or IgM-RF (63). >
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A pathogenic pathway common to both chronic periodonti-
tis and RA is the excessive degradation of collagen-rich tissues.
The collagenolytic MMPs are major contributors to this deg-
radation in gingiva, periodontal ligament, and alveolar bone
in periodontitis, and bone, cartilage, and other periarticular
tissues in RA. Accordingly, the effect of MMP inhibitor drugs
on tissue destruction has been investigated, and they appear
to have similar outcome on RA and periodontitis. This effect
is synergistically enhanced in combination with anti-inflam-
matory drug treatment, and supposed to be due to reduced
systemic inflammation (18). Nevertheless, most of these stud-
ies are conducted in animal models, and the results must be
interpreted with caution.

Oral hygiene instructions and non-surgical periodontal
treatment reduce clinical signs and symptoms in active RA and
all clinical periodontal parameters compared to RA patients
who do not receive periodontal treatment (62,64).

There are few studies available investigating the influence
of RA on the outcome of dental implant therapy. A system-
atic review reported success rates in the range of 93.8% and
96.1% (65). None of the studies found significant correlations
between RA and implantation success. However, the review
included only few publications and insufficient data for a con-
clusion, and further detailed studies are needed.

CONCLUSION

The majority of studies on the association of periodontitis with
RA have confirmed an interrelationship of the two diseases in-
cluding clinical and immunological similarities. However, fur-
ther research is required to elucidate the mechanisms linking
the two diseases. Investigations on the capability of oral bac-
teria to elicit an autoimmune response and the associated mo-
lecular mechanisms are called for. In addition, there is a need
for longitudinal and large cohort studies on the effect on RA
of periodontal treatment. ¢

ABSTRACT (DANSK)

RELATIONEN MELLEM PARODONTITIS OG REUMATOID
ARTRITIS

Reumatoid artritis (RA) og parodontitis er begge almindeligt
forekommende kroniske inflammatoriske sygdomme, og der
ser ud til at veere en tovejsassociation af de to sygdomme,
hvorved begge sygdomme kan have indflydelse pa forlgbet
af den anden sygdom. De viser adskillige patogenetiske lig-
heder, og inflammationsmediatorer og proteolytiske enzy-
mer er meget ens med en vaevsnedbrydende profil. Bade
blgdtvaev og hardtvaev er involveret, og begge er multifak-
torielle lidelser, der er pavirket af en kombination af vaerts-
organisme, livsstil (rygning), miljgmaessige og genetiske
komponenter, og begge har en cyklisk karakter, der svinger
mellem kroniske og akutte perioder. Det kliniske forlgb af pa-
rodontitis hos RA-patienter er blevet rapporteret som mere
alvorligt uafhaengigt af alder, kgn, etnicitet og rygning, og
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RA-patienter lider af gget tand- og faestetab sammenlignet
med kontroller.

Parodontitis er en plakinduceret inflammation i de parodon-
tale veev med tab af alveolarknogle og parodontalt faeste.
Den parodontalt patogene mikroorganisme, Porphyromo-
nas gingivalis, kan muligvis forklare en forbindelse mellem
sygdommene ved dens evne til citrullinering af proteiner, en
evne, som denne mikroorganisme som den eneste besidder.
| flere undersggelser er der vist en gget forekomst af paro-
dontitis hos RA-patienter. Resultaterne er imidlertid mod-
stridende, og en arsagssammenhaeng er ikke fuldt afdaekket.
En mulig gensidig effekt af behandling er endnu heller ikke
tilstreekkeligt dokumenteret. | fremtidige undersggelser kan
det veere vaesentligt at undersgge undergrupper af RA-pa-
tienter og kaste mere lys over betydningen af medicinering
og mulige konfoundere.
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