Journal of

'

Clinical Medicine

Article

Exploring the Role of Interleukin-6 Receptor Inhibitor
Tocilizumab in Patients with Active Rheumatoid Arthritis and
Periodontal Disease

Codrina Ancuta !, Rodica Chirieac 2, Eugen Ancuta 3, Oana Tanculescu **, Sorina Mihaela Solomon ¥,
Ana Maria Fatu 5, Adrian Doloca ¢ and Cristina Iordache 5

Citation: Ancuta C.; Chirieac, R.;
Ancuta, E.; Tanculescu O.; Solomon,
S.M.; Fatu, AM.; Doloca A.,
Iordache, C. Exploring the role of in-
terleukin-6 receptor inhibitor tocili-
zumab in patients with active rheu-
matoid arthritis and periodontal dis-
ease. J. Clin. Med. 2021, 10, 878.
https://doi.org/10.3390/jcm10040878

Academic Editor: Yorimasa Ogata

Received: 31 January 2021
Accepted: 18 February 2021
Published: 20 February 2021

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and insti-

tutional affiliations.

Copyright: © 2021 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/).

1 Department of Rheumatology, Faculty of Medicine, Grigore T. Popa University of Medicine and Pharmacy,
700115 Iasi, Romania; codrina_ancuta@yahoo.com

2 Sanocare Medical and Research Center, 700503 Iasi, Romania; chiriac0lro@yahoo.com

3 Research Department, Elena Doamna Clinical Hospital, 700398 Iasi, Romania; eugen0lro@yahoo.com

¢ Department of Odontology-Periodontology, Fixed Prosthodontics, Faculty of Dental Medicine, Grigore T.
Popa University of Medicine and Pharmacy, 700115 lasi, Romania

5 Implantology, Removable Dentures, Dental Technology Department, Faculty of Dentistry, Grigore T. Popa
University of Medicine and Pharmacy, 700115 Iasi, Romania; anafatu2007@yahoo.com (A.M.F.);
ccmiiordache@yahoo.com (C.1.)

¢ Department of Preventive Medicine and Interdisciplinarity, Faculty of Medicine, Grigore T. Popa University

of Medicine and Pharmacy, 700115 Iasi, Romania; adrian.doloca@umfiasi.ro

Correspondence: oana.tanculescu@umfiasi.ro (O.T.); drsolomonro@gmail.com (S.M.S.)

Abstract: Background: The aim of our study was to explore the influence of weekly subcutaneous
administration of interleukin-6 (IL-6) receptor inhibitor tocilizumab (TCZ) on periodontal status in
a local longitudinal study of patients with rheumatoid arthritis (RA) and periodontal disease (PD).
Methods: We performed a 6-month prospective study in 51 patients with chronic periodontitis and
moderate-to-severe RA starting TCZ in accordance with local recommendations. Extensive rheu-
matologic (clinical activity, inflammatory, serological biomarkers) and periodontal (visible plaque
index, gingival index, bleeding on probing, probing pocket depth, clinical attachment loss) assess-
ments were done. Changes in RA activity and periodontal status were reassessed after 3 and 6
months. Results: We demonstrated significant correlations between periodontal status, disease ac-
tivity, and serologic biomarkers (p < 0.05). Tocilizumab significantly improved the gingival index
scores and decreased the number of sites with bleeding on probing after only 3 months (p < 0.05),
while the probing pocket depth significantly decreased after 6 months; overall, clinical attachment
loss presented only slight changes without any statistical significance as well as teeth count and
plaque levels (p > 0.05). Conclusion: IL-6 inhibition is able to improve periodontal outcomes in pa-
tients with RA and concomitant PD, which is essentially related to a dramatic decrease in serum
inflammatory mediators.

Keywords: rheumatoid arthritis; periodontal disease; tocilizumab

1. Introduction
1.1. Rheumatoid Arthritis and Periodontal Disease Association

Rheumatoid arthritis (RA) is an autoimmune condition characterized by joint inflam-
mation and destruction associated with chronic systemic inflammation accounting for sig-
nificantly impaired quality of life. It is defined by the excessive activation of proinflam-
matory cytokines mediators, specific autoantibodies and progressive irreversible articular
damage [1,2]. Considered the hallmark of RA and, perhaps, the most important step in
the pathobiology of the disease, the immune response against citrullinated peptides is
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driven, atleast in part, by antigens derived from the periodontal tissue exposed to a dysbi-
otic oral microbiome during periodontitis [1-4].

Chronic periodontitis is a complex condition outlined by chronic inflammation and
the subsequent damage of soft collagen-rich tissues progressing to periodontal ligament
and alveolar bone loss as well as a gradual increase in tooth mobility [1-9]. It is typically
initiated by an infection with oral anaerobic bacteria followed by inflammatory and im-
mune response in the gingival and periodontal microenvironment [1-3]. Autoantigens
generated during citrullination induced by peptidylarginine-deaminase enzyme pro-
duced by Porphyromonas gingivalis (P. gingivalis), the keystone pathogen in the oral micro-
bial biofilm, break the immune tolerance with induction of anti-citrullinated protein anti-
bodies (ACPA) and promote chronic inflammatory response in both periodontal and syn-
ovial/articular tissues [1,3,4,10-18].

Periodontal disease (PD) is generally associated with a broad spectrum of chronic
systemic disorders including diabetes, cardiovascular, respiratory, kidney, and neuro-
degenerative diseases as well as immune-mediated rheumatic conditions [1-5,19]. Several
epidemiological studies have already communicated that PD is more prevalent during RA
and vice versa [4,20,21]. Indeed, patients with PD have an increased risk to develop RA,
compared to general population, particularly those with a long history of more severe
periodontitis, mostly explained by excessive protein citrullination [14,21]. Furthermore, it
seems that P. gingivalis positive-periodontitis is more likely to occur in ACPA-positive
individuals without any arthritis, suggesting that PD may precede RA [4,11,15,20,22]. On
the other hand, RA patients experience a greater risk of PD, irrespective of disease dura-
tion, especially in ACPA-positive subtype [1-3,6-8,11,14,19]; moreover, they are prone to
develop moderate to severe periodontitis in established compared to early disease [6—
9,14,19,23]. A detailed analysis of periodontal status in first-degree relatives of RA cases
discovered a higher prevalence and severity of periodontitis in ACPA-positive RA
[9,14,22,23]. Altered periodontal condition during RA seems to be multifactorial, related
to increased serum concentrations of proinflammatory cytokines and altered motor skills
of the rheumatoid hand which can also contribute to compromised oral hygiene [1,4,5,22].

This intriguing relationship between PD and RA is roughly supported by similar
pathogenic pathways in a genetically predisposed host (human leukocyte antigen HLA-
haplotype DRB1, HLA-DRBI, shared epitope) triggered by common environmental risk
factors (cigarette smoking) [1,2,4,10,18,24-26]. Important pathobiologic processes refer to
the overexpression of proinflammatory cytokines (tumor necrosis factor alpha - TNF-a,
IL-1B, IL-6 and IL-17), inflammatory mediators (prostaglandin E2, nitric oxide) and deg-
radation enzymes (matrix metalloproteinases 1, 8, 9, and 13), osteoclast activation, and
progressive articular and alveolar bone damage [1,2,4,10,18,23-26]. Considered as the cy-
tokine signature, the aberrant activation of TNF-a and IL-6 regulates immune response
and bone metabolism in RA [1,3,5,6,16]; high concentrations of both cytokines were de-
tected in serum, synovial tissues, as well as synovial fluids [18,27], positively correlating
with disease activity [28]. Different studies have also confirmed higher levels of potent IL-
6 and TNF-a in inflamed gingival tissues, gingival crevicular fluid, and serum in patients
with PD than in the healthy controls [17,28-33]. Moreover, increased TNF concentrations
are associated with less favorable periodontal indices such as bleeding on probing (BOP),
probing pocket depth (PPD), and clinical attachment loss (CAL), while serum IL-6 con-
centrations decreased following periodontal treatment [17,27,28,32,34]. Surprisingly, sali-
vary levels of TNF-a, IL-6, IL-8, and IL-17A can be affected not only by periodontitis but
also in RA [35,36]. Furthermore, the interplay between the subgingival biofilm, particu-
larly PD-associated pathogens, and the host immune system may contribute to both PD
and RA [1,2,18].

1.2. The role of different therapies on rheumatoid arthritis and periodontal disease outcomes

The evolving model for dynamic interrelation between RA and PD encourages the
concept that standard management for RA may be effective in improving the outcomes in
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PD and vice versa [4,7,14,19,37-39]. Pivotal studies have already explored the role of dif-
ferent synthetic and biological therapies in active RA and comorbid periodontal disease,
showing controversial results [5,9,12,16,17,25,28,35-39]. Overall, there is a trend to con-
sider that TNF inhibitors, IL-6 receptor antagonist, B-cells depletive agents and, even, JAK
inhibitors improve periodontal health in both RA and other arthritis (e.g., ankylosing
spondylitis, psoriatic arthritis); it seems that all these drugs are ultimately effective in de-
creasing gingival and periodontal inflammation and, to a lesser extent, associated tissue
damage [16,27,28,35-37,39-50]. Researchers even proposed a multistep approach of the
sequential tissue repairing following TNF inhibitors, comprising reduced leukocytes traf-
fic in the inflamed tissue, decreased proteolytic activity, and the normalization of osteo-
clast activity [1,5,9,12]. However, there are differences among anti-TNF agents as only
adalimumab and etanercept significantly improved periodontal outcomes in as rapid as
six months, while infliximab worsened gingival inflammation but prevented gingival
bone loss [5,14]. Furthermore, according to a study by Kobayashi and colleagues, tocili-
zumab (TCZ) also ameliorates periodontal inflammation in RA with periodontitis as TNF
inhibitors do [16,17,27,28,31,32,36,37]. Its beneficial effects were potentially explained by
the decrease in TNF-a serum levels as well as immunoglobulin G and serum amyloid
along with a consistent impact on serum inflammatory mediators and indirect influence
on periodontal inflammation [16,17,27,28,40].

On the other hand, several papers have addressed the effect of specific periodontal
therapies (e.g., non-surgical scaling and root planning) on clinical RA activity in patients
with chronic periodontitis with controversial results [37,51-57]. The most recent data from
the ESPERA (Experimental Study of Periodontitis and Rheumatoid Arthritis) cohort failed to
demonstrate clinical improvement in established RA following aggressive and intensive
periodontal treatment [57].

Considering the gap in the literature regarding the role of anti-rheumatic drugs on
periodontal outcomes, the aim of our study is to assess the influence on the periodontal
status of weekly subcutaneous administration of tocilizumab in a local group of patients
with rheumatoid arthritis and chronic periodontitis.

2. Materials and Methods
2.1. Study Design and Population

We performed a prospective longitudinal study in fifty-one patients with moderate-
to-severe RA and insufficient response to either conventional synthetic or biologic dis-
ease-modifying antirheumatic drugs (DMARDs), starting TCZ according to the local rec-
ommendation for biologic and targeted synthetic therapy aligned with European League
Against Rheumatism (EULAR) consensus statement and guidelines.

We performed extensive rheumatologic and full mouth assessments at baseline (be-
fore the first administration of TCZ) as well as after 3 and 6 months of therapy.

2.2. Inclusion Criteria

The patients were aged 18 and older, able to give informed consent themselves and
to participate in the study, and willing to forgo any optional examinations.

Patients fulfilled either the old 1987 American College of Rheumatology (ACR) crite-
ria or the new 2010 classification criteria of ACR and EULAR and were followed up in one
academic rheumatology department in Northeast Romania over a period of 3 years (July
2017-January 2020).

2.3. Exclusion Criteria

Several exclusion criteria were applied before enrollment in this study because of
their potential interference with a correct evaluation of periodontal status, as follows: ex-
or current smokers, pregnant and breastfeeding women, patients with diabetes mellitus,
implants, poorly fitting fixed and/or removable prosthodontics and fewer than eight
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evaluable teeth, patients receiving systemic or local antimicrobials, antiplatelet drugs, any
type of anti-inflammatory medication or periodontal therapy within the previous 3
months.

A total of sixty-eight patients were eligible for and received TCZ for their active RA;
however, among them, seventeen had no oral issues at baseline evaluation and were ex-
cluded from the study.

2.4. Ethical Considerations

The baseline clinical documentation of periodontitis cases was collected in the con-
text of routine check-up in the dental clinic of Sanocare Medical and Research Center.

The study was approved by the local ethics committee (Sanocare Medical and Re-
search Center, Prot. No 15/12.12.2016) and was found to conform to the guidelines of the
Declaration of Helsinki. Written informed consent regarding the use of the collected data
in the context of training and research was signed by all the participants before enroll-
ment. The data used in the study were anonymized. According to the U.S. Department of
Health and Human Services (HHS) definition, this investigation is not considered human
subjects research.

2.5. Rheumatologic Assessments

RA-related variables comprised clinical (tender and swollen joint count based on a
28-joint assessment, 0—10 cm visual analogue scale, VAS, pain), inflammatory tests (eryth-
rocyte sedimentation rate, ESR, and C-reactive protein, CRP) as well as disease activity
scores calculated on DAS28-CRP (Disease Activity Score on 28 joints using C-reactive pro-
tein) and SDAI (Simplified Disease Activity Index) were performed at all three visits.

DAS28-CRP was calculated with a formula that considered the tender and swollen
joints, the patient’s general assessment of their condition scored on a visual analogue scale
(VAS), and CRP. DAS28-CRP comprises four categories: remission (DAS28-CRP < 2.3),
low (2.3 < DAS28-CRP <2.7), moderate (2.7 < DAS28-CRP < 4.1), and high disease activity
(4.1 < DAS28-CRP).

Designed as the numerical sum of five outcome parameters (tender and swollen
joints, patient, and physician global assessment of disease activity on a 0-10 VAS and CRP
level), SDAI score interpretation comprises also four categories: remission (0-3.3), low ac-
tivity (3.4-11), moderate activity (11.1-26), and high RA activity (26.1-86).

Serological biomarkers (rheumatoid factor, RF, and ACPA) were evaluated only at
baseline.

2.6. Periodontal Assessments

The periodontal status was recorded on a periodontal chart displaying the following
clinical parameters for the entire dentition: number of present teeth, visible plaque index
(VPI), gingival index (GI), bleeding on probing (BOP), probing pocket depth (PPD), and
clinical attachment loss (CAL).

Clinical periodontal assessments were performed by a single trained examiner (C.I.)
at the Sanocare Medical and Research Center, lasi, who was blinded to the rheumatologic
data. Access to previous assessment data was not allowed during the study. The examiner
was considered calibrated when no statistically significant differences between measure-
ments were obtained after the evaluation of 15 non-participant subjects on two occasions,
one week apart. The mean values were assessed using paired -test for VPI, GI, BOP, PPD,
and CAL.

The periodontal evaluation was made in artificial light conditions, using a dental ex-
plorer, dental mirror, Williams probe, and air-water syringe.

VPI [58] or supragingival plaque was recorded dichotomously (present/absent) at 4
sites (mesial, distal, buccal, lingual/palatal) around each tooth. GI [59] assesses the gingi-
val condition by gentle probing of the soft gingival wall at four sites for each tooth, as
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follows: 0 = absence of inflammation; 1 = mild inflammation: slight changes in color and
texture, and slight edema, no bleeding on probing; 2 = moderate inflammation: redness,
edema, glazing, bleeding on probing; 3 = severe inflammation: marked redness, edema,
ulceration, tendency to spontaneous bleeding.

BOP evaluates gingival inflammation through bleeding observed 20 s after a probe
is passed along inside the gingival sulcus or pocket. It was recorded dichotomously (pre-
sent/absent) at 6 sites (mesiobuccal, mid-buccal, distobuccal, mesiolingual, mid-lingual,
and distolingual) around each tooth.

PPD was measured between the gingival margin and the bottom of gingival sulcus
or pocket, while CAL was measured between the cemento—enamel junction and the base
of the gingival sulcus or pocket. Both parameters were determined with Williams perio-
dontal probe and recorded on 6 sites per tooth. The recorded values were to the nearest
millimeter, and every reading close to 0.5 mm was rounded to the nearest integer number.

PD was considered according to the case definition proposed by the 5th European
Workshop on Periodontology in 2005 [60], as follows: level 1 (mild)—CAL =23 mm in 2 or
more proximal sites of non-adjacent teeth and level 2 (severe) —CAL > 5 mm in 30% or
more proximal sites of teeth present; level 0 was considered —for healthy periodontal sta-
tus or up to one proximal site with CAL >3 mm.

Patients were instructed to maintain their oral hygiene habits throughout the 6
months of follow-up; furthermore, as we intended to assess the accurate effect of TCZ on
periodontal status, any periodontal treatment was avoided.

2.7. Statistical Analysis

Statistical analysis was performed with the IBM SPSS Statistics for Windows, Version
19.0. (IBM Corp., Armonk, New York), with p-values less than 0.05 being considered as
statistically significant; data at 3 and 6 months were summarized as means + SD, or per-
centages (%) as appropriate, and correlations by Spearman rank tests; comparisons be-
tween baseline and 3 and 6 months of TCZ were assessed by Wilcoxon test.

3. Results
3.1. Baseline RA and Periodontal Assessments

Demographics, rheumatologic and periodontal characteristics, as well as RA-related
drugs (concomitant glucocorticoids and immunosuppressives) taken at baseline are sum-
marized in Table 1.
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Table 1. Demographic, rheumatologic, and periodontal characteristics at baseline.

Baseline Parameters Baseline
Demographics
Age (years; mean * SD) 56.3 +15.7
Female (n, %) 46 (90.1)
RA-related parameters
Duration of RA (months; mean + SD) 81.3 +68.9
DAS28-CRP (mean + SD) 5.36 +1.67
SDAI (mean + SD) 342+16.3
Corticosteroids (1, %) 20 (39.21)
DMARD:s (1, %) 46 (90.1)
ACPA levels (U/mL; mean + SD) 239.7 £ 124.3
ACPA positivity (1, %) 32 (62.74)
RF levels (IU/mL; mean + SD) 192.7 + 85.3
RF positivity (1, %) 47 (92.15)
Serum CRP levels (mg/dL; mean + SD) 15.3+6.9
PD-related parameters
Number of present teeth (mean + SD) 23.7+3.4
GI (mean + SD) 0.98 +£0.12
% sites with plaque (mean + SD) 32.4+16.9
% sites with BOP (mean + SD) 10.2+8.6
PPD (mm; mean + SD) 28+04
% sites with PPD >4 mm 12.7+2.5
CAL (mm) 35+12
% CAL >3 mm 125+0.2

RA, rheumatoid arthritis; DAS28-CRP, Disease Activity Score on 28 joints using C-reactive protein;
SDAI, Simplified Disease Activity Index; DMARDs, disease-modifying antirheumatic drugs;
ACPA, anti-citrullinated protein antibodies; RF, rheumatoid factor; PD, periodontal disease; GI,
gingival index; BOP, bleeding on probing; PPD, probing pocket depth; CAL, clinical attachment
loss; n, number; SD, standard deviation; %, percent.

Most patients included in our study had seropositive established RA, with moderate-
to-severe activity despite background medication. Eight patients (15.68%) received TCZ
as their first biologic agent (bio-naive), while the majority were bio-experienced patients,
with failure (either insufficient response or adverse reactions) to previous biologics—15
(29.41%) to one biologic, 20 (39.21%) to two biologics, and 8 (15.68%) to three biologic
agents.

We detected impaired oral health in all patients included in the final analysis, as fol-
lows: all had gingivitis (abnormal GI and increased prevalence of sites with BOP), and
different degrees of chronic periodontitis (mainly level 1 and 2); advanced loss of attach-
ment was reported in up to 23.52% of cases, while increased prevalence of sites with dental
plaques in 21.56% of cases.

A closer look revealed a consistent positive correlation between the severity of
chronic periodontitis, RA activity, and serum r2 = 0.71 ACPA concentrations (r: = 0.81, p:
=0.001, p2 = 0.002, respectively): the higher the RA activity and ACPA levels, the higher
the PPD severity, with advanced CAL and tooth loss.

3.2. Changes in Rheumatologic and Periodontal Parameters with Tocilizumab

Changes in RA activity and periodontal status were reassessed after 3 and 6 months
of TCZ; at follow-up visits, we reported significant improvement as compared to baseline
(p <0.05), although the results at 6 months were only slightly different from data obtained
at 3 months (p > 0.05).
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Table 2. Changes

3.2.1. Changes in Rheumatologic Status

Patients displayed consistent improvements in clinical activity meaning a significant
decrease in the number of tender and swollen joints, VAS pain, and morning stiffness as
rapid as 3 months; as expected, clinical response was maintained 3 months later in all
patients, at the final monitoring visit. Similarly, we reported a dramatic decline in inflam-
matory biomarkers (both ESR and CRP), as well as a considerable immunologic response,
particularly for serum levels of ACPA, but also for RF (Table 2).

in rheumatoid arthritis (RA)-related parameters at 3 and 6 months after tocilizumab.

Parameter Baseline 3 Months (V1) 6 Months (V2) p-Value
DAS28-CRP (mean + SD) 5.36 +1.67 3.39+0.57 2.41+0.19 *<0.05; **<0.05
SDAI (mean + SD) 342+16.3 18.1+8.2 11.1+4.3 *<0.05; **<0.05
Number of tender joints (mean * SD) 12.31+4.29 456 +1.31 355+1.13 *<0.05; **NS
Number of swollen joints (mean + SD) 10.01 + 3.37 2.85+4.22 1.50 £ 2.09 *<0.05; **NS
Pain VAS mm (mean * SD) 82.7+215 28.8 +23.2 16.3+11.8 *<0.05; **<0.05
Serum anti-CCP tslg)r (U/mL) (meanx o597 4 1243 19261124  123.6+1016 *<0.05; **NS
Serum RF levels (IU/mL) (mean + SD) 192.7 +85.3 164.8 £ 92.5 151.7 +89.3 *NS; **NS
Serum CRP levels (mg/dL) (mean + SD) 15.3+6.9 4.12+0.92 3.92+0.34 *<0.05; **NS

SD; standard deviation; DAS28-CRP, Disease activity score on 28 joints based on C-reactive protein; SDAI, Simplified
Disease Activity Index; VAS, 0-10 cm visual analogue scale; CCP, cyclic citrullinated peptide; RF, rheumatoid factor; V,
visits; * V1 compared to baseline; ** V2 compared to V1; NS, non-significant (0.05).

DAS28-CRP and SDAI strongly improved during monitoring visits reaching either
low disease activity or, even, remission (EULAR responders) vs. baseline, irrespective of
the severity of periodontitis.

3.2.2. Changes in Periodontal Status

Clinical data showed improvement in periodontal inflammation after only 3 months
of TCZ and maintained over 6 months, as supported by an important decrease in gingival
index and sites with bleeding of probing (p <0.05). However, the improvement of specific
periodontal parameters such as probing pocket depth becomes evident after prolonged
treatment (6 months); overall, clinical attachment loss presented only slight changes with-
out any statistical significance; teeth count and bacterial plaque scores were also not sig-
nificantly influenced by medication (p > 0.05) (Table 3).

Table 3. Changes in PD-related parameters at 3 and 6 months after tocilizumab.

Parameter Baseline 3 Months (V1) 6 months (V2) p-Value

GI 0.98 £0.12 0.85+0.17 0.81+0.18 *<0.05; **NS
% sites with plaque 32.4+16.9 30.5+14.2 30.2+15.8 *NS; **NS

% sites with BOP 102+ 8.6 73+6.1 6.5+6.8 *<0.05; **NS
PPD (mm) 28+04 21+0.12 2.1+0.09 *<0.05; **NS
% sites with PPD > 4 mm 12.7+25 78+39 6.1+3.6 *<0.05; **NS
CAL (mm) 35+1.2 2.58 £0.30 2.55+0.31 *<0.05; **NS
% sites with CAL >4 mm 12.5+0.2 11.2+0.4 11.3+0.9 *<0.05; **NS

GI, gingival index; BOP, bleeding on probing; PPD, probing pocket depth; CAL, clinical attachment loss; * V1 compared
to baseline; ** V2 compared to V1; p > 0.05 non-significant (NS); V1 and V2, visit 1 and 2, respectively.

No significant correlations between changes in periodontal parameters and changes
in RA activity were described in our study (p > 0.05).
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We assumed that all the modifications in the degree of local gingival and periodontal
inflammation is related to IL-6 blockade as no local periodontal treatment was allowed
during follow-up.

4. Discussion

We aimed to assess the influence of the IL-6 receptor inhibitor on periodontal status
in active RA associated with periodontitis, assuming that TCZ might be able not only to
improve clinical and biochemical RA-related parameters but also to ameliorate chronic
periodontitis as a result of decreased IL-6 in the periodontal microenvironment via declin-
ing systemic inflammation.

Although our target is to demonstrate the ability of TCZ to modulate periodontal
inflammation and subsequent damage, firstly, we emphasized its role in controlling RA
activity. We reasonably confirmed a consistent response to TCZ in real-life settings, which
was achieved in as rapid as three months and continued after six months of therapy, irre-
spective of background medication and clinical scenario (mono- or combined therapy,
bio-naive or bio-experienced patients); it is more than clear that even in the short-term, IL-
6 blockade displays significant clinical, biological, as well as serologic disease improve-
ment. Although we found no consistent difference in clinical response in seropositive vs.
seronegative RA, we noticed a significant impact on ACPA serum concentration after six
months, which is an improvement that parallels the decrease in periodontal inflammation,
suggesting a role of IL-6 in both systemic and local inflammation (synovial and periodon-
tal) and the potential implications via citrullination. Therefore, our results stand by as a
proof of the effectiveness of subcutaneous TCZ in managing inflammatory and immune
pathways in RA [53].

We also focused on the magnitude of compromised oral health in RA; most patients
in our initial group presented a high rate of mild and severe periodontal disease, validat-
ing/reinforcing the already known risk of periodontitis in such patients, particularly in
established, longstanding disease [2—4,9,37]. We have included in the final analysis only
those cases with overt periodontal disease, meaning that up to 75% had at baseline altered
periodontal status in a group of consecutive patients starting TCZ for their active disease.
Indeed, recent reviews and meta-analyses have already discussed periodontal disease in
various RA settings (independent of age, disease duration, serology profile, and disease
activity) compared to general population [1,3,5,11,19-21,23].

We identified excessive gingival involvement confirmed by an increased percentage
of sites with plaques and inflammation and abnormal periodontal status (e.g., increased
probing depth, clinical attachment loss) supporting data from the literature
[6,16,17,20,21,27,28,38,39,44,48]. Moreover, we recognized positive correlations between
the severity of periodontitis, inflammatory parameters (especially CRP), serology (ACPA
status and titers), and RA activity; indeed, recent studies suggest a worse periodontal sta-
tus in active untreated RA, and higher CRP if RA is associated with severe periodontitis
[6,11,15-17,19,27,28,37]. Finally, it seems that ACPA-positive patients had severely im-
paired periodontal health, while disease activity correlated with periodontitis degree as
well [6,16,17,19,27,28,37].

Finally, we demonstrated that short-term tocilizumab significantly reduced gingival
as well as periodontal inflammation as supported by decreased levels of gingival index,
bleeding on probing, and probing pocket depth, paralleling the articular improvement.
Indeed, only minor changes in clinical attachment loss were detected in our enrolled pa-
tients, and the supragingival plaque remained stable after 3 and 6 months of biological
treatment (p > 0.05).

A closer look at recent data definitely emphasizes the dual effects of early and ag-
gressive RA treatment with biologic and non-biologic drugs (Janus kinase inhibitors, JAK
inhibitors) on articular as well as comorbid periodontal disease [5,8,12,16,17,25,27,28,37—
39]. It is widely accepted that TNF and IL-6 receptor inhibitors are able to ameliorate oral
health in active RA, as reflected by clinical, biological, and even serological RA biomarkers
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[5,16,17,27,28,38,39,44-46]. Although there are controversial effectiveness signals with
TNF inhibitors in improving chronic periodontitis [3,6,11,15,19,23-26,33,38,39], all papers
about anti-IL-6 therapy clearly demonstrated articular, systemic, and also periodontal
benefits with TCZ without any periodontal specific treatment [16,17,27,28].

An interesting trial compared periodontal condition in patients with RA and perio-
dontitis before and after biological therapy in two cohorts: one under tocilizumab and the
other receiving medication with TNF inhibitors [16]. After 6 months, both tocilizumab and
TNF inhibitors demonstrated a consistent improvement of oral health with significantly
reduced periodontal inflammation (gingival index, bleeding on probing, and probing
depth) compared to baseline, with similar results in both cohorts unless there was a
greater decrease in gingival index and less gingival inflammation with tocilizumab; how-
ever, plaque levels remained the same irrespective of medication, while periodontal clin-
ical attachment loss decreased only after TCZ but not after TNF inhibitors [16,17,27,28].
These observations were partially supported by the results of another study about an ex-
cessive inflammatory response against oral pathogens essentially based on high levels of
IL-6 [16,17,27,28,31].

Recent meta-analyses reviewed the most important studies on TNF and non-TNF bi-
ologics in patients with RA and PD [5,20]. The critical difference between the class of TNF
inhibitors and TCZ or B-cell depletive agent rituximab is that infliximab, an anti-TNF
monoclonal antibody, may negatively address gingival inflammation although it may also
improve alveolar bone destruction [5-7,19,37] resulting in a dissociated response for pa-
tients with severe periodontitis [5], while both tocilizumab and rituximab associate with
significant a down regulation of gingival inflammation and damage in RA associated with
periodontitis [16,17,27,28,50].

Additional research is necessary to clearly differentiate between the direct effects of
TCZ on local periodontal inflammation and IL-6 or its receptor levels in the gingival
crevicular fluids and periodontium of patients and the indirect effect via dramatically de-
creasing systemic inflammation, which may impact also oral health [16,17,27,28]. Indeed,
numerous studies indicated a rapid and significant decline in typical inflammatory pa-
rameters (ESR and CRP), but also in serological RA biomarkers (RF, ACPA) as well as
inflammatory cytokines (TNF, IL-6) and mediators (serum-amyloid A, matrixmetalopro-
teinases 1, 3), supporting the indirect role of TCZ in periodontitis [16,17,27,28].

In our study, we assessed specific gingival and periodontal parameters before and
after short-term TCZ therapy. We demonstrated successful RA as well as periodontal out-
comes with TCZ and independent of potential confounding factors (such as smoking, di-
abetes, hematological conditions, sex steroid hormones elevations, pharmacological
agents) related to periodontal disease, as such patients were excluded from the final anal-
ysis.

We concluded that tocilizumab decreased gingival inflammation since no periodon-
tal therapy was permitted and the dental hygiene behavior remained unchanged in our
enrolled patients.

Unfortunately, we were not able to assess either the serum or gingival crevicular fluid
levels of IL-6 or its receptor in all patients; we assumed that tocilizumab indirectly con-
tributes to modulate local (gingival and periodontal) inflammation by limiting systemic
inflammation. Indeed, the biofilm plaque accumulation was not consistently diminished
with tocilizumab, and we were not able to depict a spectacular impact on clinical attach-
ment loss, but we arrived to demonstrate a positive effect of IL-6 blockade on exuberant
gingival inflammation.

Further studies are necessary to confirm the benefits of I1-6 inhibitors in larger pop-
ulations and longer follow-ups also focusing on IL-6/IL-6 receptor levels in gingival
crevicular fluid.

Author Contributions: Conceptualization, C.A., O.T., C.I. and S.M.S.; methodology, C.A., C.L,
S.M.S. and O.T.; software, E.A. and A.D.; validation, C.I, AM.F., and R.C.; formal analysis, C.A.,



J. Clin. Med. 2021, 10, 878 10 of 12

A.D. and E.A; investigation, C.A, R.C,, C.I, and A.M.F,; resources, E.A. and A.D.; data curation,
E.A.; writing—original draft preparation, C.A., and C.I; writing-review and editing, C.A., C.I, E.A,,
A.D. and O.T.; visualization, C.A.; supervision, R.C.; project administration, E.A. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Committee of Sanocare Medical and Research
Center (protocol No 15/12.12.2016).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

de Molon, R.S.; Rossa, C., Jr.; Thurlings, RM.; Cirelli, ].A.; Koenders, M.I. Linkage of periodontitis and rheumatoid arthritis:
Current evidence and potential biological interactions. Int. ]. Mol. Sci. 2019, 20, 4541.

Genco, R.J.; Sanz, M. Clinical and public health implications of periodontal and systemic diseases: An overview. Periodontology
2000 2020, 83, 7-13, doi:10.1111/prd.12344.

Eezammuddeen, N.N.; Vaithilingam, R.D.; Hassan, N.H.M.; Bartold, P.M. Association between rheumatoid arthritis and peri-
odontitis: Recent progress. Curr. Oral Health Rep. 2020, 7, 139-153.

Sherina, N. On the Origin of ACPA: Exploring the Role of P. Gingivalis in the Development of Rheumatoid Arthritis; Karolinska Insti-
tutet: Stockholm, Sweden, 2019.

Rinaudo-Gaujous, M.; Blasco-Baque, V.; Miossec, P.; Gaudin, P.; Farge, P.; Roblin, X.; Thomas, T.; Paul, S.; Marotte, H. Infliximab
induced a dissociated response of severe periodontal biomarkers in rheumatoid arthritis patients. J. Clin. Med. 2019, 8, 751.
Koziel, J.; Mydel, P.; Potempa, ]. The link between periodontal disease and rheumatoid arthritis: An updated review. Curr.
Rheumatol. Rep. 2014, 16, 1-7.

Rutter-Locher, Z.; Fuggle, N.; Orlandi, M.; D'Aiuto, F.; Sofat, N. Periodontal Disease and Autoimmunity: What We Have
Learned from Microbiome Studies in Rheumatology. In Periodontitis— A useful reference; Arjunan, P., Ed.; IntechOpen Limited:
London, UK, 2017; pp. 113-141.

Fuggle, N.R.; Smith, T.O.; Kaul, A.; Sofat, N. Hand to mouth: A systematic review and meta-analysis of the association between
rheumatoid arthritis and periodontitis. Front. Immunol. 2016, 7, 1-10.

Bartold, P.M.; Lopez-Oliva, I. Periodontitis and rheumatoid arthritis: An update 2012-2017. Periodontology 2000 2020, 83, 189—
212, doi:10.1111/prd.12300.

Goémez-Banuelos, E.; Mukherjee, A.; Darrah, E.; Andrade, F. Rheumatoid arthritis-associated mechanisms of porphyromonas
gingivalis and aggregatibacter actinomycetemcomitans. J. Clin. Med. 2019, 8, 1309.

Mankia, K.; Cheng, Z.; Do, T.; Hunt, L.; Meade, J.; Kang, J.; Clerehugh, V.; Speirs, A.; Tugnait, A.; Hensor, EEM.A ; et al. Preva-
lence of periodontal disease and periodontopathic bacteria in anti—Cyclic citrullinated protein antibody—Positive at-risk
adults without arthritis. JAMA Netw. Open 2019, 2, €195394, doi:10.1001/jamanetworkopen.2019.5394.

Zamri, F.; De Vries, T.J. Use of TNF inhibitors in rheumatoid arthritis and implications for the periodontal status: For the benefit
of both? Front. Immun. 2020, 11, 2686, d0i:10.3389/fimmu.2020.591365.

Eriksson, K; Fei, G.; Lundmark, A.; Benchimol, D.; Lee, L.; Hu, Y.O.0.; Kats, A.; Saevarsdottir, S.; Catrina, A.L; Klinge, B.; et al.
Periodontal health and oral microbiota in patients with rheumatoid arthritis. J. Clin. Med. 2019, 8, 630.

Marrotte, H. Determining the right time for the right treatment— Application to preclinical rheumatoid arthritis. JAMA Netw.
Open 2019, 6, €195358, doi:10.1001/jamanetworkopen.2019.5358.

Gonzalez, S.M.; Payne, ].B.; Yu, F.; Thiele, G.M.; Erickson, A.R.; Johnson, P.G.; Schmid, M.]J.; Cannon, G.W; Kerr, G.S.; Reimold,
A.M,; et al. Alveolar bone loss is associated with circulating anti-citrullinated protein antibody (ACPA) in patients with rheu-
matoid arthritis. ]. Periodontol. 2015, 86, 222-231.

Kobayashi, T.; Ito, S.; Kobayashi, D.; Kojima, A.; Shimada, A.; Narita, I.; Murasawa, A.; Nakazono, K.; Yoshie, H. Interleukin-6
receptor inhibitor tocilizumab ameliorates periodontal inflammation in patients with rheumatoid arthritis and periodontitis as
well as tumor necrosis factor inhibitors Clin. Exp. Dent. Res. 2015, 1, 63-73.

Kobayashi, T.; Okada, M.; Ito, S.; Kobayashi, D.; Ishida, K.; Kojima, A.; Narita, I.; Murasawa, A.; Yoshie, H. Assessment of
interleukin-6 Receptor inhibition therapy on periodontal condition in patients with rheumatoid arthritis and chronic periodon-
titis. J. Periodontol. 2014, 85, 57-67.



J. Clin. Med. 2021, 10, 878 11 of 12

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kobayashi, T.; Yoshie, H. Host responses in the link between periodontitis and rheumatoid arthritis. Curr. Oral Health Rep. 2015,
2,1-8.

Ayrévéiinen, L.; Leirisalo-Repo, M.; Kuuliala, A.; Ahola, K.; Koivuniemi, R.; Meurman, ]J.H.; Heikkinen, A.M. Periodontitis in
early and chronic rheumatoid arthritis: A prospective follow-up study in Finnish population. BM] Open 2017, 7, 011916,
doi:10.1136/bmjopen-2016-011916.

Qiao, Y.; Wang, Z,; Li, Y.; Han, Y.; Zhou, Y.; Cao, X. Rheumatoid arthritis risk in periodontitis patients: A systematic review and
meta-analysis. Jt. Bone Spine 2020, 87, 556-564.

Lee, K.H.; Choi, Y.Y. Rheumatoid arthritis and periodontitis in adults: Using the Korean National Health Insurance Service —
National sample cohort. . Periodontol. 2020, 91, 1186-1193, doi:10.1002/jper.19-0311.

Ferreira, R.D.O.; Silva, R.D.B.; Magno, M.B.; Almeida, A.P.C.P.5.C.; Fagundes, N.C.F.; Maia, L.C.; Lima, R.R. Does periodontitis
represent a risk factor for rheumatoid arthritis? A systematic review and meta-analysis. Ther. Adv. Musculoskelet. Dis. 2019, 11,
1-16.

Choi, L. A; Kim, J.H.; Kim, Y.M,; Lee, ].Y.; Kim, K.H.; Lee, E.Y.; Lee, E.B.; Lee, Y.M.; Song, Y.W. Periodontitis is associated with
rheumatoid arthritis. A study with longstanding rheumatoid arthritis patients in Korea. Korean |. Intern. Med. 2016, 31, 977-986.
Ceccarelli, F.; Saccucci, M.; Di Carlo, G.; Lucchetti, R.; Pilloni, A.; Pranno, N.; Luzzi, V.; Valesini, G.; Polimeni, A. Periodontitis
and rheumatoid arthritis: The same inflammatory mediators? Hindawi. Mediat. Inflamm. 2019, 2019, 6034546,
doi:10.1155/2019/6034546.

Thilagar, S.; Theyagarajan, R.; Sudhakar, U.; Suresh, S.; Saketharaman, P.; Ahamed, N. Comparison of serum tumor necrosis
factor-a levels in rheumatoid arthritis individuals with and without chronic periodontitis: A biochemical study. J. Indian Soc.
Periodontol. 2018, 22, 116-121.

Silvestre-Rangil, J.; Bagan, L.; Silvestre, F.-].; Martinez-Herrera, M.; Bagan, J.-V. Periodontal, salivary and IL-6 status in rheu-
matoid arthritis patients. A cross-sectional study. Med. Oral Patol. Oral Y Cir. Bucal 2017, 22, 595-600.

Kobayashi, T.; Yokoyama, T.; Ito, S.; Kobayashi, D.; Yamagata, A.; Okada, M.; Oofusa, K.; Narita, I.; Murasawa, A.; Nakazono,
K.; et al. Periodontal and serum protein profiles inpatients with rheumatoid arthritis treated with tumor necrosis inhibitor ada-
limumab. ]. Periodontol. 2014, 85, 1480-1488.

Kobayashi, T.; Yokoyama, T.; Ishida, K.; Abe, A.; Yamamoto, K.; Yoshie, H. Serum cytokine and periodontal profiles in relation
to disease activity of rheumatoid arthritis in Japanese adults. J. Periodontol. 2010, 80, 650—-657.

Moller, B.; Bender, P.; Eick, S.; Kuchen, S.; Maldonado, A.; Potempa, J.; Reichenbach, S.; Sculean, A.; Schwenzer, A.; Villiger,
P.M.; et al. Treatment of severe periodontitis may improve clinical disease activity in otherwise treatment-refractory rheumatoid
arthritis patients. Rheumatology 2019, 59, 243-245.

Irwin, C.R.; Myrillas, T.T. The role of IL-6 in the pathogenesis of periodontal disease. Oral Dis. 2008, 4, 43—47.

Nibali, L.; Fedele, S.; D’ Aiuto, F.; Donos, N. Interleukin-6 in oral diseases: A review. Oral Dis. 2011, 18, 236-243.

Shimada, Y.; Komatsu, Y.; Ikezawa-Suzuki, I.; Tai, H.; Sugita, N.; Yoshie, H. The effect of periodontal treatment on serum leptin,
Interleukin-6, and C-Reactive protein. J. Periodontol. 2010, 81, 1118-1123.

Takahashi, K.; Takashiba, S.; Nagai, A.; Takigawa, M.; Myoukai, F.; Kurihara, H.; Murayama, Y. Assessment of Interleukin-6 in
the pathogenesis of periodontal disease. ]. Periodontol. 1994, 65, 147-153.

Vidal, F.; Figueredo, C.M.S.; Cordovil, I; Fischer, R.G. Periodontal therapy reduces plasma levels of Interleukin-6, C-Reactive
protein, and fibrinogen in patients with severe periodontitis and refractory arterial hypertension. . Periodontol. 2009, 80, 786
791.

Kaczynski, T.; Wronski, J.; Gluszko, P.; Kryczka, T.; Miskiewiczi, A.; Gordki, B.; Radkowski, M.; Trzemecki, D.; Grieb, P.; Gorska,
R. Salivary interleukin 6, interleukin 8, interleukin 17A, and tumour necrosis factor a levels in patients with periodontitis and
rheumatoid arthritis. Cent. Eur. |. Immunol. 2019, 44, 269-276.

Lee, H.-J.; Kang, I.-K.; Chung, C.-P.; Choi, S.-M. The subgingival microflora and gingival crevicular fluid cytokines in refractory
periodontitis. J. Clin. Periodontol. 1995, 22, 885-890.

Ancuta, C.; Pomirleanu, C.; Mihailov, C.; Chirieac, R.; Ancuta, E.; Iordache, C.; Bran, C.; Tanculescu, O. Efficacy of baricitinib
on periodontal inflammation in patients with rheumatoid arthritis. Jt. Bone Spine 2020, 87, 235-239.

Jung, G.U,; Han, ].Y,; Hwang, K.G.; Park, C.J.; Stathopoulou, P.G.; Fiorellini, ].P. Effects of conventional synthetic disease-mod-
ifying anti-rheumatic drugs on response to periodontal treatment in patients with rheumatoid arthritis. BioMed Res. Int. 2018,
2018, 1465402, doi:10.1155/2018/1465402.

Romero-Sanchez, C.; AM, M,; GI, L.; DM, C.; Ch P, C.; Gualtero JM, B. Is the treatment with biological or non-biological
DMARDS a modifier of periodontal condition in patients with rheumatoid arthritis? Curr. Rheumatol. Rev. 2017, 13. 139-151.
Kobayashi, T.; Ito, S.; Murasawa, A.; Ishikawa, H.; Yoshie, H. Effects of tofacitinib on the clinical features of periodontitis in
patients with rheumatoid arthritis: Two case reports. BMC Rheumatol. 2019, 3, 1-4.



J. Clin. Med. 2021, 10, 878 12 of 12

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.
59.
60.

Iordache, C.; Chirieac, R.; Ancuta, E.; Pomirleanu, C.; Ancuta, C. Periodontal disease in patients with ankylosing spondylitis:
Myth or reality? Studies 2017, 68, 1660-1664.

Ancuta, C.; Ancuta, E.; Chirieac, R.; Antohe, M.; Iordache, C. Anti-tumor necrosis factor alpha therapy and periodontal inflam-
mation in rheumatoid arthritis. A clinical and biochemical approach. Rev. Chim. 2017, 68, 369-372.

Ancuta, C.; Ancuta, E.; Chirieac, R.; Anton, C.; Surlari, Z.; Iordache, C. TNF inhibitors and periodontal inflammation in psoriatic
arthritis. Rev. Chim. 2017, 68, 1914-1918.

Mayer, Y.; Balbir-Gurman, A.; Machtei, E.E. Anti-Tumor necrosis factor-alpha therapy and periodontal parameters in patients
with rheumatoid arthritis. J. Periodontol. 2009, 80, 1414-1420.

Savioli, C.; Ribeiro, A.C.M.; Fabri, G.M.C,; Calich, A.L.; Carvalho, J.; Silva, C.A; Viana, V.S.T.; Bonfa, E.; Siqueira, J.T.T. Persis-
tent periodontal disease hampers anti-tumor necrosis factor treatment response in rheumatoid arthritis. J. Clin. Rheumatol. 2012,
18, 180-184.

Schiefelbein, R; Jentsch, HFR. Periodontal conditions during arthritis therapy with TNF-a blockers. | Clin Diagn Res 2018,
12(10):2C27-31

Sikorska, D.; Orzechowska, Z.; Rutkowski, R.; Prymas, A.; Mrall-Wechta, M.; Bednarek-Hatlinska, D.; Roszak, M.; Surdacka,
A.; Samborski, W.; Witowski, J. Diagnostic value of salivary CRP and IL-6 in patients undergoing anti-TNF-alpha therapy for
rheumatic disease. Inflammopharmacology 2018, 26, 1183-1188.

Tachibana, M.; Yonemoto, Y.; Okamura, K.; Suto, T.; Sakane, H.; Kaneko, T.; Dam, T.T.; Okura, C.; Tajika, T.; Tsushima, Y.; et
al. Does periodontitis affect the treatment response of biologics in the treatment of rheumatoid arthritis? Arthritis Res. Ther. 2020,
22,178.

Kadkhoda, Z.; Amirzargar, A.; Esmaili, Z.; Vojdanian, M.; Akbari, S. Effect of TNF-? Blockade in gingival crevicular fluid on
periodontal condition of patients with rheumatoid arthritis. Iran. J. Immunol. 2016, 13, 197-203.

Coat, J.; Demoersman, J.; Beuzit, S.; Cornec, D.; Devauchelle-Pensec, V.; Saraux, A.; Pers, ].-O. Anti-B lymphocyte immunother-
apy is associated with improvement of periodontal status in subjects with rheumatoid arthritis. J. Clin. Periodontol. 2015, 42, 817—
823.

Kawalec, P.; Sladowska, K.; Malinowska-Lipien, L; Brzostek, T.; Kézka, M. New alternative in the treatment of rheumatoid
arthritis: clinical utility of baricitinib. Ther. Clin. Risk Manag. 2019, 15, 275-284.

Calderaro, D.C.; Corréa, ].D.; Ferreira, G.A.; Barbosa, 1.G.; Martins, C.C.; Silva, T.A.; Teixeira, A.L. Influence of periodontal
treatment of rheumatoid arthritis: A systematic review and meta-analysis. Rev. Bras. Reumatol. 2017, 57, 238-244.

Yang, N.-Y.; Wang, C.-Y.; Chyuan, I.-T.; Wu, K.-J; Tu, Y.-K,; Chang, C.-W_; Hsu, P.-N.; Kuo, M.Y.-P.; Chen-Ying, W. Significant
association of rheumatoid arthritis-related inflammatory markers with non-surgical periodontal therapy. J. Formos. Med. Assoc.
2018, 117, 1003-1010.

Finckh, A.; Tellenbach, C.; Herzog, L.; Scherer, A.; Moeller, B.; Ciurea, A.; Von Muehlenen, I; Gabay, C.; Kyburz, D.; Brulhart,
L.; et al. Comparative effectiveness of antitumour necrosis factor agents, biologics with an alternative mode of action and tofa-
citinib in an observational cohort of patients with rheumatoid arthritis in Switzerland. RMD Open 2020, 6, 001174,
doi:10.1136/rmdopen-2020-001174.

Ortiz, P.; Bissada, N.F.; Palomo, L.; Han, Y.W.; Al-Zahrani, M.S.; Panneerselvam, A.; Askari, A. Periodontal therapy reduces the
severity olfactive rheumatoid arthritis in patients treated with or without tumor necrosis factor inhibitors. J. Periodontol. 2009,
80, 535-540.

Buwembo, W.; Munabi, 1.G.; Kaddumukasa, M.; Kiryowa, H.; Mbabali, M.; Nankya, E.; Johnson, W.E.; Okello, E.; Sewankambo,
N.K. Non-surgical oral hygiene interventions on disease activity of Rheumatoid arthritis patients with periodontitis: A random-
ized controlled trial. J. Dent. Res. Dent. Clin. Dent. Prospect. 2020, 14, 26-36.

Monsarrat, P.; de Grado, G.F.; Constantin, A.; Willmann, C.; Nabet, C.; Sixou, M.; Cantagrel, A.; Barnetche, T.; Mehsen-Cetre,
N.; Schaeverbeke, T. The effect of periodontal treatment on patients with rheumatoid arthritis: The ESPERA randomized con-
trolled trial. Jt. Bone Spine 2019, 86, 600—-609.

Ainamo, J.; Bay, L. Problems and proposals for recording gingivitis and plaque. Int. Dent. . 1975, 25, 229-235.

Loe, H.; Silness, J. Periodontal disease in pregnancy I. Prevalence and severity. Acta Odontol. Scand. 1963, 21, 533-551.

Tonetti, M.S.; Claffey, N. Advances in the progression of periodontitis and proposal of definitions of a periodontitis case and
disease progression for use in risk factor research. Group C Consensus report of the 5th European workshop in periodontology.
J. Clin. Periodontol. 2005, 32, 210-213.



