Journal of

%

Clinical Medicine

Article

Six-Month Follow-Up of Periodontal Condition in Rheumatoid
Arthritis and Ankylosing Spondylitis Arthritis Patients
Undergoing Anti-Tumour Necrosis Factor-o Therapy

Tldiké Tar 17, Edit Végh 2, Renata Martos 3, Boglarka Soés 2, Ildik6 Marton 3 and Zoltan Szekanecz %*

check for
updates

Citation: Tar, I; Végh, E.; Martos, R.;
So0s, B.; Marton, I.; Szekanecz, Z.
Six-Month Follow-Up of Periodontal
Condition in Rheumatoid Arthritis
and Ankylosing Spondylitis Arthritis
Patients Undergoing Anti-Tumour
Necrosis Factor-o Therapy. J. Clin.
Med. 2024, 13, 448. https://
doi.org/10.3390/jcm13020448

Academic Editor: Jiirgen Rech

Received: 28 November 2023
Revised: 8 January 2024
Accepted: 12 January 2024
Published: 13 January 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Oral Medicine, Faculty of Dentistry, University of Debrecen, 4032 Debrecen, Hungary;
tar.ildiko@dental. unideb.hu

Department of Rheumatology, Faculty of Medicine, University of Debrecen, 4032 Debrecen, Hungary;
veghe22@gmail.com (E.V.); soos.boglarka@med.unideb.hu (B.S.)

Department of Restorative Dentistry and Endodontics, Faculty of Dentistry, University of Debrecen,

4032 Debrecen, Hungary; martos.renata@dental.unideb.hu (R.M.); marton.ildiko@dental. unideb.hu (I.M.)
*  Correspondence: szekanecz.zoltan@med.unideb.hu; Tel.: +36-52-255091

Abstract: In our present study, we aimed to assess the effects of anti-TNF therapy on periodontal
condition in a mixed cohort of patients with rheumatoid arthritis (RA) and ankylosing spondylitis
(AS). Moreover, we wished to determine whether the baseline dental condition of these patients
would affect response to biological therapy. A cohort of 24 arthritis patients was consecutively
recruited before starting anti-TNF«x therapy. After the dropout of six patients, we evaluated the
dental status of 18 subjects at baseline and after 6 months of biological therapy. Clinical responder (R)
and non-responder (NR) status was determined after 6 months of anti-TNF treatment. Plaque index
(PI), gingival index (GI), bleeding on probing (BOP), probing pocket depth (PPD), PPDax, clinical
attachment loss (CAL), and CALyax were determined. During the 6-month treatment period, six
patients (3 RA and 3 AS) terminated the study prematurely as they did not respond to treatment (NR).
Therefore, 18 patients were included in the full analysis. There were no major differences in PI, BOP,
PPD, PPD max, CAL, and CALnax, among R and NR patients. TNF inhibition resulted in increased GI
(0.65 £ 0.34 vs. 0.88 £ 0.30; p < 0.05), as well as decreased PPDmayx (4 &= 1.94 vs. 2.72 £ 1.36; p < 0.05)
and CALmax (5.22 & 2.56 vs. 2.72 & 1.36; p < 0.05) after 6 months. Eight patients had incomplete
canal fillings or dead pulps and/or apical periodontitis; six in the R and two in the NR group. In our
present study, anti-TNF therapy seemed to worsen the extent of gingival inflammation (GI); however
our results also do not support the reduction of mean CPD and CAL as reported by others.
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1. Introduction

Tumor necrosis factor o (TNF-o) inhibitors have long been used for the treatment
of rheumatoid arthritis (RA), ankylosing spondylitis (AS), as well as other inflammatory
conditions [1-3]. RA has been connected with periodontitis mainly due to citrullination
of a-enolase produced primarily by Porphyromonas gingivalis, but also by other periodon-
topathogenic bacteria [4-6]. Some studies also suggest that periodontitis may also be linked
to AS [7,8], however this needs to be confirmed by larger studies. To our current under-
standing RA patients may have a higher risk for periodontitis compared to AS patients,
possibly due to differences in disease pathogenesis. Yet, there have been only relatively
few studies assessing the beneficial and potentially harmful effects of these biologics on
the oral cavity, primarily on periodontal tissues [9-12]. Three studies had case-control
design [9-11]. Among these studies one included psoriasis and systemic sclerosis in ad-
dition to RA patients [11]. The fourth longitudinal, interventional study evaluated the
effects of 30 month adalimumab treatment in 20 RA patients [12]. In the case-control design
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studies (already anti-TNF« treated versus not treated), anti-TNF-o-treated subjects exerted
less clinical attachment loss (CAL) [9-11,13]. In the follow-up study, periodontal indices,
except plaque index, decreased significantly after treatment compared to baseline [12]. The
effect exerted on periodontal tissues seems to change over time. At the beginning gingival
inflammation starts to decline, while probing pocket depth (PPD) and clinical attachment
loss (CAL) seem to be improved after 3 to 6 months [14].

In the 1970s periodontists rated the result of certain periodontal therapy (non-surgical—
proper oral hygiene and scaling and root planning—or surgical—at that time flap surgeries)
modalities. They wanted to evaluate the degrees of return of pocket depth and they related
these observations to variations of periodontal attachment levels in the same locations,
in order to assess the effectiveness of probing depth reduction [15,16]. Later regenerative
surgical therapies were also evaluated the same way. Yet, this was not fully performed in
the case of anti-TNF-« therapy.

The plaque induced periodontal disease that was demonstrated to be a risk factor
for RA as periodontopathogenic bacteria was a predisposing factor for post-translational
protein modification, citrullination catalysed by bacterial peptidylarginine deiminases
(PPADs). Periodontal disease and chronic periapical periodontitis have fairly high overlap
in bacterial flora and pathomechanisms, as chronic apical periodontitis is also associated
with elevated levels of local and systemic proinflammatory mediators, while in tissue sam-
ples multiple forms of active immune and inflammatory reactions were demonstrated [17].
Chronic apical periodontitis is practically an inflammatory response against a polymicrobial
infection of dental pulp origin. Chronic apical periodontitis can be presented histologically
as dental granuloma or periradicular cyst. Even in that pathology the same defence and
inhibitory mechanisms regulate the balance between bone resorption and regeneration
causing the enlargement or shrinkage of periapical lesions. It has been demonstrated that
citrullinated proteins and anti-citrullinated autoantibodies (ACPA) can be found in chronic
apical periodontitis. This means that in chronic periapical periodontitis there are possible
autoimmune pathways that can lead to the formation of autoantibodies, possibly leading
to autoimmune diseases [18]. Clinically, the presence and frequency of this pathology has
not yet been reported in RA or AS patients.

The effectiveness of any therapy is always an important question, and as a therapy is
not fully conform to everybody, there could be different reactions. There could be patient-
related, disease-related, treatment-related factors that affect therapeutical outcomes. The
first two types even existed before the initiation of the therapy. Amongst patient-related
factors the importance of gender, age, smoking, body mass index were demonstrated
in terms of anti-TNF-« therapy. In the case of disease-related factors the importance of
clinical behaviour, age at diagnosis, disease-duration, previous and concomitant treatments,
laboratory values, e.g., CRP levels, and genetic predisposition and expression signature,
cannot be denied. Disease severity has also an impact on therapeutical outcomes. In the
case of RA it can be measured by disease activity score (DAS-28), while in the case of AS
Bath ankylotic spondylitis disease activity score (BASDAI) is used. For therapy-related
factors, there are two main time frames in assessing effectivity. Short term (12 weeks) and
long term (over 3 months) evaluation after the start of the anti-TNF-« therapy present
different problems [19]. Presumably not all effecting factors have already been revealed.

As the relationship between effects of anti-TNF therapy in RA and AS and periodontal
condition is not fully understood, the aim of our present study was to conduct a longitudinal
follow-up study on oral condition in a cohort of RA and AS patients undergoing anti-TNF-
o therapy. We evaluated their oral mucosal, periodontal condition at baseline and after
6 months of biological therapy to determine the possible effects of anti-TNF therapy on
dental condition. We also wished to demonstrate if these patients had any incomplete canal
fillings or periapical lesions at baseline, and whether there was a clinically demonstrable
change after 6 months on X-rays (periapicals and panoramic). Moreover, we wished to
determine whether the baseline dental status was associated with anti-TNF treatment
outcomes by comparing anti-TNF responders and non-responders.
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2. Materials and Methods
2.1. Patients

A cohort of 24 arthritis (13 RA and 11 AS, determined by standard classification criteria)
patients was consecutively recruited from the Department of Rheumatology, University
of Debrecen. These patients were about to start on an anti-TNF-« (etanercept, ETN or
certolizumab pegol, CZP) therapy. They were referred to the Department of Periodontology
for oral screening before the initiation of biologics. After 6 months of biological treatment,
they underwent check-up examinations applying the same investigations as at baseline.
The baseline characteristics of the patients are included in Table 1.

Table 1. Patient characteristics.

RA AS Total
n 13 11 24
female:male 10:3 3:8 13:11
age (mean =+ SD) (range), years 55.9 + 9.8 (35-74) 43.6 + 12.4 (21-62) 48.8 + 13.8 (21-74)
disease duration (mean + SD) (range), years 9.1 +8.3 (1—33) 72 +7.0(1-26) 8.3 +£ 6.2 (1-33)
RF positivity, n (%) 10 (77) - -
ACPA positivity, n (%) 11 (85) - -
DAS28 (baseline) (mean + SD) 4.88 +0.79 - -
BASDAI (baseline) (mean + SD) - 5.56 +1.22 -
Treatment (ETN, CZP) 9ETN, 4 CZP 11 ETN 20 ETN, 4 CZP

Abbreviations: ACPA, anti-citrullinated protein antibody; AS, ankylosing spondylitis; BASDAI, Bath Ankylos-
ing Spondylitis Disease Activity Index; CZP, certolizumab pegol; DAS28, 28-joint disease activity score; ETN,
etanercept; RA, rheumatoid arthritis; RF, rheumatoid factor; SD, standard deviation.

Clinical responder (R) and non-responder (NR) status in RA was determined after
6 months of anti-TNF treatment by the EULAR response criteria originally described by
Van Gestel et al. [20]. For AS we applied the ASAS 20 improvement criteria, developed and
published by Anderson et al. [21].

The study was performed according to the Declaration of Helsinki and was approved
by the National Ethical Board (ETT-KFEB, No. 3386-2011). All patients signed an in-
formed consent.

2.2. Evaluation of Oral Status

First, a general clinical examination, including history taking and physical examination,
was performed. The status and severity of periodontal disease were assessed by indices
described below. Oral mucosa was examined clinically. If mucosal disorder was found,
depending on its nature, histology was performed to underpin clinical diagnosis. In the
case of verified diagnosis, patients obtained the appropriate treatment for their mucosal
lesions. Those patients who were responders underwent a follow-up examination after
6 months of treatment. Post-treatment assessments were the same as those performed
at baseline.

The evaluation of periodontal condition included full-mouth measurements using a
periodontal probe. Plaque index (PI) [22] and gingival index (GI) [23] were determined.
Bleeding on probing (BOP), probing pocket depth (PPD), and again its maximum (PPDp;x),
the distance of marginal gingiva and cemento-enamel junction, as well as its maximum,
were decided and added to matching PPD values by site, to produce clinical attachment loss
and its maximum (CAL and CALnay) [24,25]. Panoramic X-rays and periapical radiographs
were taken at baseline for all patients and after 6 months from responders. All these baseline
indices were assessed separately in RA (n = 13) and AS (n = 11) patients to learn whether
they can be handled as one group or not. The following step was to demonstrate whether R
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(n =18) and NR (n = 6) patients might have a significantly different periodontal condition
at baseline. Lastly, the improvement of periodontal condition in R patients was assessed by
using the initial measurements and the differences of baseline and 6-month values of PPD,
PPDmax, CAL, CALmax.

All patients were also evaluated if they had any incomplete canal fillings and/or
periapical lesions, at baseline, and R patients were re-evaluated after 6 months of anti-TNF-
o therapy. Patients were offered dental treatment as they obtained a complete treatment
plan for their problems. All of them wanted to go back to their original dentists, as, e.g.,
endodontic treatment can last longer and involves several seatings, and they do not live in
the vicinity.

2.3. Statistical Analysis

Statistical analysis was performed using the SPSS 22.0 software (IBM, Armonk, NY,
USA) as described previously [26,27]. Descriptive statistics for variables were performed.
Means, standard deviation, and minimum and maximum of variables were calculated
(Tables 2 and 3). Baseline and 6 month data were compared to each other by paired-samples
t-tests, while different group data were compared to each other with the help of two sample
t tests (equity of means). Results were considered as significant if p values were <0.05.
Relationship between baseline values (PPDmax) and difference of baseline and 6-month
PPDmax values was evaluated by Spearman rank correlation.

Table 2. Baseline and post-treatment periodontal indices in patients completing the study (n = 18).

Mean + SD Significance
PI-O * 0.61 £ 0.61
n.s
PI-6 * 0.52 £0.63
GI-0 0.65 £ 0.34
p <0.05
GI-6 0.88 £0.30
BOP-0 0.06 £0.23
n.s
BOP-6 0.19 £0.13
CPD-0 1.60 £ 0.74
n.s
CPD-6 1.49 £ 048
CPDmax-0 4.00 £1.94
p <0.05
CPDpax-6 2.72 £1.36
CAL-0 214 +1.98
n.s
CAL-6 210 £1.28
CALmax-0 522 +2.56
p<0.05
CALmax-6 272 £ 1.36

* 0 and 6 indicate baseline and 6-month post-treatment values, respectively. Abbreviations: BOP, bleeding on
probing; CAL, clinical attachment loss; CALnax, maximum CAL; CPD, clinical probing depth; CPDpyax, maximum
CPD; G, gingival index; n.s., non-significant; PI, plaque index.

Table 3. Effect of baseline periodontal indices on response to anti-TNF therapy *.

Mean + SD Significance
age-R (years) 527 £11.8
p <0.05
age-NR (years) 372+ 134
PI1-R 0.61 £ 0.68

PI1-NR 0.29 £ 0.15
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Table 3. Cont.

Mean + SD Significance
GI1-R 0.65 + 0.39
GI1-NR 0.52 + 0.07 p<005
BOP1-R 0.06 & 0.23
BOP1-NR 0.00 + 0.00 e
CPD1-R 1.60 4+ 0.74
CPD1-NR 1.28 4 0.39 e
CPD1max-R 4.00 +1.94
CPD1max-NR 2.83 +1.83 e
CAL1-R 214 +2.14
CAL1-NR 1.37 + 1.37 e
CALImax-R 5.22 +2.46
CAL1nax-NR 3.17 £ 2.40 e

* The analysis included 18 responders (R) and 6 non-responders (NR). Abbreviations: BOP, bleeding on probing;
CAL, clinical attachment loss; CALyax, maximum CAL; CPD, clinical probing depth; CPDpax, maximum CPD;
GI, gingival index; n.s., non-significant; PI, plaque index.

3. Results

As seen in Table 1, out of the 24 patients included in the study, 13 had RA and
11 had AS. There were 13 women and 11 men. Their mean age was 48.8 & 13.8 years (range:
21-74 years) and their mean disease duration was 8.3 & 6.2 years (range: 1-33 years). At
baseline, before starting anti-TNF therapy, RA patients had a mean DAS28 of 4.88 £ 0.79,
while AS patients exerted a mean BASDAI of 5.56 £ 1.22. At the beginning the two patient
groups (RA and AS) were compared in terms of periodontal indices, including PI, GI, BOP,
PPD, PPD max, CAL, CALmax, and periodontal disease stage. They were not different
statistically in any of these parameters and their number seemed to be too low to deal with
them as separate groups in statistics. As the examined parameters did not show statistical
difference, these patients were unified into one group.

Altogether 20 patients (9 RA and 11 AS) started on 50 mg etanercept (ETN) SC weekly,
while four patients (all RA) received certolizumab pegol (CZP; 400 mg at 0, 2, and 4 weeks
and thereafter 200 mg every two weeks SC). During the 6 months of treatment period,
six patients (3 RA and 3 AS) terminated the study prematurely as they did not respond
to treatment (NR) according to the criteria described previously. Thus, they were not
included in the final analysis, however, their baseline data were excluded for the R vs.
NR comparison analysis. Therefore, altogether 18 patients (10 RA and 8 AS) completed
the study and were included in the full analysis. There were no major differences in
disease duration and periodontal data, including PI, BOP, PPD, PPDp,ax, CAL, and CALpax,
between R and NR patients (data is shown in Table 3) [28]. The baseline clinical and dental
status of the six dropouts was different in age (R = 52.7 & 11.8 years, NR = 37.2 & 13.4 years,
p <0.05) and GI (R = 0.65 £ 0.39, NR = 0.52 £ 0.07, p < 0.05) from that of the others.

In the 18 patients, who completed the follow-ups, anti-TNF therapy significantly
decreased disease activity in both RA and AS. In the 10 RA patients DAS28 decreased
from 4.92 + 0.87 at baseline to 3.22 + 0.54 after 6 months (p = 0.01). Similarly, in the eight
AS patients BASDAI decreased from 5.33 + 1.18 at baseline to 1.97 & 1.05 after 6 months
(p <0.01).

When comparing periodontal indices at baseline and after 6 months of anti-TNF
treatment, Gl increased (0.65 = 0.34 vs. 0.88 £ 0.30; p < 0.05), while PPDpyax (4 = 1.94 vs.
2.72 + 1.36; p < 0.05) and CALmax decreased (5.22 & 2.56 vs. 2.72 £ 1.36; p < 0.05) over time
(Table 2). There were no significant changes in PI, BOP, PPD, and CAL over time (Table 1).
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We did not find any notable differences in periodontal indices at baseline or after 6 months
between RA and AS patients.

Amongst the examined 24 patients eight had incomplete canal fillings or dead pulps
(necrotized because of bacterial infection) and/or periapical lesions, called chronic apical
periodontitis. In the R group there were six of them, while in NR group there were two
cases present at baseline examination (periapical X-rays and panoramic X-ray). In the six
R patients chronic periapical lesions could have been detected on X-rays, while amongst
non-responders two patients had incomplete canal fillings with no periapical lesion present
on X-rays. After 6 months with R patients it seemed that they had not gone through any
dental interventions, not even at their own dentist. Periapical lesions were still detectable
on X-rays, and they had not shown shrinkage at all.

By the end of the study period, oral lichen planus (OLP) lesions developed on the oral
mucosa of two patients: one male and one female. In the male patient OLP appeared on
the buccal mucosa and on the attached gingiva as desquamative gingivitis. In the female
patient the lesions were only on the buccal mucosa. Severe forms did not appear later
on. The clinical diagnosis was confirmed by histology in both cases. Clinically the lesions
appeared as reticular (white, keratinized grid-like striae) and mild atrophic areas. The
lesions were categorized as atrophic types located both on buccal mucosa and attached
gingiva and they were followed up. Severe forms did not occur later on.

4. Discussion

RA and AS have long been treated with anti-TNF agents [1-3]. Moreover, RA [4] and
maybe also AS [7,8] have been associated with chronic periodontitis. TNF-« inhibition
suppresses inflammation, bone resorption, and thus joint damage in arthritides [1-3]. On
the other hand, there have been very few studies on the possible effects of TNF-« inhibition
on periodontitis [9-12]. Moreover, there have been no clinical studies on periapical lesions
in terms of anti-TNF« therapy, although a study did examine the effect of adalimumab
on the healing of apical periodontitis in ferrets [29], and they found beneficial effects. We
also could not find a study on the role of baseline characteristics of periodontitis on the
outcome of biologic treatment.

In our present study, anti-TNF therapy seemed to worsen the extent of gingival
inflammation (GI) after 6 months, but it did not affect the location pattern of inflamed
gingiva, as BOP did not change in a significant manner; however our results do not support
the reduction of mean PPD and CAL as reported by others [9,12]. The patient cohort of
Kobayashi et al. [12] differed from ours. Our results still suggest that biologic therapy might
significantly reduce the maximum values of the latter two variables (PPDmax, CALmax)-

Partially similar findings were observed in studies conducted in the 1970s. In those
early studies the higher the PPD (>3 mm) or/and CAL values were, the higher (>3 mm)
the reduction of PPD and/or CAL gained upon periodontal treatments [15,16,30]. Even
later on the same results were achieved [31]. What could be the reason for the behaviour
of the gingival soft tissues? What happens in this case? Periodontitis is a combination
of attachment loss (that results from the wandering of the junctional epithelium in the
apical direction) and gingivitis, clinically defined as more than 10% of BOP around teeth.
For the reduction of PPD and additionally CAL the pre-requirement is to reduce BOP
percentage. The primary etiological factor is the accumulation of the dental biofilm finally
leading to a Gramme-shift in the oral flora which represents more a dysbiosis than a true
infection [32]; this was demonstrated clinically in periodontal disease already in the 60s.
The histopathology of periodontal disease describes the certain stages of periodontal
disease [33]. How it shifts parallel with the accumulation of the biofilm, starting with a
homeostatic inflammation that reflects clinical health with low antigenic load of the dental
biofilm, then advancing to mild gingivitis than severe gingivitis both reflecting chronic
inflammation of the gingiva with extending volume (5-15% of the gingiva connective
tissue). In the final stage the destruction of soft and hard tissues occurs in addition to
gingival inflammation. In the gingiva all immunological processes are performed from
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recruitments of neutrophils, monocytes, and lymphocytes as in other parts of the body
with the same cytokines and TNF-«. During the process of exerting gingival inflammation
vasodilation, vascular proliferation in the dentogingival plexus occurs resulting in oedema
of the marginal gingiva. In addition, the recruited cells perform a space creating process
(degradation of collagens) to make enough space for themselves to be able to perform their
duty in the area. Eventually, the consistency of the gingiva turns soft, it is increased in
volume and there could be a mild atrophy of the gingival epithelium on the oral side. This
is why BOP and GI can be measured because the gingiva turns softer than normal. The
pressure provided by the periodontal probe must not exceed 25 g. If the gingiva volume
grows, the PPD is going to increase as well. The CAL is made of PPD and the distance
between the gingival margin and the cemento-enamel junction. If the PPD changes the
CAL will also [33,34].

In the case of sulcular epithelium the cell attachments are loose originally, as the
desmosomes do not hold very firmly between epithelial cells; in addition they are also not
keratinized compared to the epithelium of the masticatory mucosa of the oral cavity, on the
outer side. This is why neutrophils can step from the body to the crevice, and planktonic
bacteria and the by-products of the biofilm can enter through these gates to the body. The
successful elimination of the biofilm is impossible as the biofilm, and the exerted immune-
and inflammatory answer are in different compartments. If the biofilm stays (bad oral
hygiene) it provides a constant challenge for the local immune and inflammatory response.
Practically this is why mechanical oral hygiene is so important. The constant stimulation
by the dental biofilm keeps a constant stimulation of TNF-« levels in periodontal disease,
resulting oedema, vasodilatation, recruitment of cells, and finally tissue destruction. The
classical periodontal causative therapy aims for the reduction of bacterial numbers around
periodontal tissues, thereby leading to the reduction of inflammation of the periodontium.
The anti-TNF-« therapy aims for the immune and inflammatory reactions occurring in
joints and as a side effect in periodontal tissues. Practically it is a symptomatic therapy in the
case of periodontal tissues, but if there is a bad oral hygiene the stimulation of inflammation
remains. As in the case of RA patients BOP is reduced in the first 3 months, although PPD
and CAL decrease were demonstrated between 3—6 months of biologic treatment. Probably
a change in the cell homestasis of the gingival inflammation changes. The established
lesion has two main subtypes: B cell dominant or T cell dominant. Different T or B cell
subsets seem to have different importance: T cell subsets like T regulatory, CD8", and tissue
resident yd cells are important in the maintenance of the gingival homeostasis. However, in
gingivitis the production of interleukin-17 and the secretion of osteoclastogenetic factors by
activated T cells is crucial for the osteoclastogenesis by the initiation of RANKL pathways.
The mucosa associated invariant T cells also express YIFN, TNF-«, and interleukin-17. This
shows their possible role in disease initiation. The low levels of B memory cells also suggest
a healthy periodontium [34,35]. So, probably parallel with the administration of anti-TNF-o
therapy the composition of cells and the pattern of expressed mediators change causing the
change in the BOP, GI, PPD, and CAL over time.

There is no study in humans on the effects of anti-TNFo therapy on periapical lesions
(chronic apical periodontitis). Although hypercitrullination seems to be a significant
pathological pathway in chronic apical periodontitis, Porphyromonas endodontalis does not
possess PAD activity [18].

There has been no study that investigated whether baseline periodontal status could
serve as a risk factor for the failure of biological therapy. Our study showed that younger
age and lower baseline GI was significantly associated with therapeutic NR. Previous
studies found that the custom periodontal treatment of RA and AS patients only improved
RA patient disease activity but not AS patients. It is supposed that the interfaces with
periodontal disease in etiological factors, immune and inflammatory answers are different
in the two joint problems. In case of RA and periodontal disease TNF-« polymorphisms
can play a significant role in both, in certain populations. Gingival inflammation and
periodontal tissue destruction are regulated by similar cellular and molecular pathways
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of inflammation and tissue damage as in RA and AS [1,3,36,37]. TNF-« is involved in
the pathogenesis of both arthritides and periodontitis [4,36,37]. Moreover, the periodon-
topathogenic bacterium P. gingivalis has also been implicated in RA [4,5]. The endotoxin
(LPS) of this bacterium is a potent activator of macrophage TNF« production. Moreover, its
PAD enzyme citrullinates bacterial «-enolase resulting in autoantibody production against
this enzyme [4,5]. ACPA can also activate macrophages to produce TNF« [4,38,39]. There-
fore, in younger patients with lower levels of periodontal inflammation, the production of
TNF-a might be less pronounced. Other mediators, such as interleukin-13 (IL-1f3), IL-6,
granulocyte-macrophage colony stimulating factor (GM-CSF), vascular endothelial growth
factor (VEGEF), and prostaglandin E, production also showed significant correlation with
disease activity [40]. In arthritis patients with less gingival inflammation indicated by lower
GI, TNF-« is probably not the major inducer of either periodontitis or RA. This may be one
explanation, why anti-TNF treatment is not so successful in younger patients with lower GL
In addition, there is indeed a subset of RA patients with less systemic inflammation, where
TNF inhibition may not be so effective and anti-TNF therapy can be discontinued without
inducing flare [41]. At younger age additional health problems that also increase the level
of TNF-« are less frequent. Mostly severe periodontal disease (just gene polymorphisms
at the background) starts around the age of 35. So, the clinical appearance of the disease
needs time.

We postulate that younger age and mild gingival inflammation in such patients
may result in anti-TNF therapy failure. Certainly, further studies are needed to elucidate
this issue.

Our study has certain strengths and limitations. This is one of the very few studies
where the effects of biologics on the course of periodontitis over time has been investigated.
This is the first study to investigate the frequency and type of chronic periapical periodon-
titis in RA and AS patients clinically. This might be the very first study linking baseline
periodontal status with therapeutic responses. Moreover, we used a wide array of indices
to assess periodontal condition. The possible limitations include the relatively low number
of patients. There were only six NRs, which made the statistical analysis difficult. We also
did not perform a power analysis, and we did not have a control group; we only performed
a longitudinal follow-up so the baseline was the basis for comparison. Finally, the relatively
low patient number did not permit comparison of RA and AS.

Yet, we think this is an original contribution as we were able to assess the longitudinal
effects of anti-TNF on periodontal indices and could associate baseline periodontal status
with therapeutic responses. Further analyses in larger cohorts might be needed in order to
further elucidate the relationships between periodontal status and targeted therapies in
patients with inflammatory rheumatic diseases.

Author Contributions: Conceptualization, I.T., .M. and Z.S.; Methodology, R.M.; Formal analysis,
LT,; Investigation, I.T., E.V,, R M. and B.S,; Data curation, I.T., E.V,, R M. and B.S.; Writing—original
draft, I.T,, E.V. and Z.S.; Writing—review & editing, .T., LM. and Z.S.; Supervision, LM. and Z.S.;
Project administration, I.T. and I.M. 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 in accordance with the Declaration
of Helsinki, and approved by the National Ethical Board (Approval Code: ETT-KFEB, No. 3386-2011,
14804-2/2011/EKU, date of approval 2 April 2012).

Informed Consent Statement: Informed consent was obtained from every subject entered into
the study.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declarfe no conflicts of interest.



J. Clin. Med. 2024, 13, 448 90f 10

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Smolen, ].S.; Landewe, R.B.M.; Bijlsma, ].W.].; Burmester, G.R.; Dougados, M.; Kerschbaumer, A.; McInnes, 1.B.; Sepriano, A.; van
Vollenhoven, R.F.; de Wit, M; et al. EULAR recommendations for the management of rheumatoid arthritis with synthetic and
biological disease-modifying antirheumatic drugs: 2019 update. Ann. Rheum. Dis. 2020, 79, 685-699. [CrossRef] [PubMed]
Valesini, G.; Iannuccelli, C.; Marocchi, E.; Pascoli, L.; Scalzi, V.; Di Franco, M. Biological and clinical effects of anti-TNFalpha
treatment. Autoimmun. Rev. 2007, 7, 35-41. [CrossRef] [PubMed]

Szekanecz, Z.; Szanto, S.; Szabo, Z.; Vancsa, A.; Szamosi, S.; Bodnar, N.; Szucs, G. Biologics—Beyond the joints. Autoimmun. Rev.
2010, 9, 820-824. [CrossRef] [PubMed]

Lundberg, K.; Wegner, N.; Yucel-Lindberg, T.; Venables, P.J. Periodontitis in RA—The citrullinated enolase connection. Nat. Rev.
Rheumatol. 2010, 6, 727-730. [CrossRef]

Lappin, D.F,; Apatzidou, D.; Quirke, A.M.; Oliver-Bell, J.; Butcher, ].P,; Kinane, D.F,; Riggio, M.P.; Venables, P.; McInnes, 1.B.;
Culshaw, S. Influence of periodontal disease, Porphyromonas gingivalis and cigarette smoking on systemic anti-citrullinated
peptide antibody titres. . Clin. Periodontol. 2013, 40, 907-915. [CrossRef] [PubMed]

Martu, M.; Solomon, S.M.; Sufaru, L.G.; Jelihovschi, I.; Martus, S.; Rezus, E.; Surdu, A.E.; Onea, R.M.; Grecu, G.P; Foia, L. Study on
the prevalence of periodontopathogenic bacteria in serum and subgingival bacterial plaque in patients with rheumatoid arthritis.
Rev. Chim. 2017, 68, 1946-1949. [CrossRef]

Kang, E.H.; Lee, ].T.; Lee, H.].; Lee, ].Y.; Chang, S.H.; Cho, H.]J.; Choi, B.Y.;; Ha, YJ.; Park, K.U.; Song, Y.W.; et al. Chronic
Periodontitis Is Associated with Spinal Dysmobility in Patients with Ankylosing Spondylitis. J. Periodontol. 2015, 86, 1303-1313.
[CrossRef] [PubMed]

Keller, ].J.; Kang, ].H.; Lin, H.C. Association between ankylosing spondylitis and chronic periodontitis: A population-based study.
Arthritis Rheum. 2013, 65, 167-173. [CrossRef]

Pers, ].O.; Saraux, A.; Pierre, R.; Youinou, P. Anti-TNF-alpha immunotherapy is associated with increased gingival inflammation
without clinical attachment loss in subjects with theumatoid arthritis. J. Periodontol. 2008, 79, 1645-1651. [CrossRef]

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

Mayer, Y.; Elimelech, R.; Balbir-Gurman, A.; Braun-Moscovici, Y.; Machtei, E.E. Periodontal condition of patients with autoimmune
diseases and the effect of anti-tumor necrosis factor-alpha therapy. . Periodontol. 2013, 84, 136-142. [CrossRef] [PubMed]
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 in patients with rheumatoid arthritis treated with tumor necrosis
factor inhibitor adalimumab. J. Periodontol. 2014, 85, 1480-1488. [CrossRef] [PubMed]

Martu, M.; Rezus, E.; Popa, C.; Solomon, S.M.; Luchian, I.; Pendefunda, A.C; Sioustis, I.; Anton, D.; Martus, S.; Foia, L. Correla-
tions between systemic therapy with conventional (synthetic) and biological DMARDS, rheumatoid arthritis and periodontal
indices of chronic periodontitis. Rom. J. Oral Rehabil. 2018, 10, 161-169.

Zamri, F; de Vries, TJ. Use of TNF Inhibitors in Rheumatoid Arthritis and Implications for the Periodontal Status: For the Benefit
of Both? Front. Immunol. 2020, 11, 591365. [CrossRef]

Ramfjord, S.P.; Knowles, ].W.; Nissle, R.R.; Burgett, F.G.; Shick, R.A. Results following three modalities of periodontal therapy.
J. Periodontol. 1975, 46, 522-526. [CrossRef] [PubMed]

Ramfjord, S.P.; Knowles, ].W.; Nissle, R.R.; Shick, R.A.; Burgett, EG. Longitudinal study of periodontal therapy. . Periodontol.
1973, 44, 66-77. [CrossRef] [PubMed]

Marton, L].; Kiss, C. Overlapping protective and destructive regulatory pathways in apical periodontitis. J. Endod. 2014, 40,
155-163. [CrossRef]

Martos, R.; Tar, I.; Nagy, A.C.; Csosz, E.; Kiss, C.; Marton, I. Hypercitrullination and anti-citrullinated protein antibodies in
chronic apical periodontitis, a laboratory investigation. Does autoimmunity contribute to the pathogenesis? Int. Endod. ]. 2023, 56,
584-592. [CrossRef]

Lopetuso, L.R.; Gerardi, V.; Papa, V.; Scaldaferri, F; Rapaccini, G.L.; Gasbarrini, A.; Papa, A. Can We Predict the Efficacy of
Anti-TNF-oc Agents? Int. J. Mol. Sci. 2017, 18, 1973. [CrossRef]

van Gestel, A.M.; Prevoo, M.L.; van ‘t Hof, M.A.; van Rijswijk, M.H.; van de Putte, L.B.; van Riel, PL. Development and validation
of the European League Against Rheumatism response criteria for rheumatoid arthritis. Comparison with the preliminary
American College of Rheumatology and the World Health Organization/International League against Rheumatism Criteria.
Arthritis Rheum. 1996, 39, 34—40.

Anderson, ].].; Baron, G.; van der Heijde, D.; Felson, D.T.; Dougados, M. Ankylosing spondylitis assessment group preliminary
definition of short-term improvement in ankylosing spondylitis. Arthritis Rheum. 2001, 44, 1876-1886. [CrossRef]

Silness, J.; Loe, H. Periodontal Disease in Pregnancy. Ii. Correlation between Oral Hygiene and Periodontal Condtion. Acta
Odontol. Scand. 1964, 22, 121-135. [CrossRef]

Loe, H.; Silness, J. Periodontal Disease in Pregnancy. I. Prevalence and Severity. Acta Odontol. Scand. 1963, 21, 533-551. [CrossRef]
[PubMed]

Bragger, U.; Schurch, E., Jr.; Gusberti, F.A.; Lang, N.P. Periodontal conditions in adolescents with cleft lip, alveolus and palate
following treatment in a co-ordinated team approach. J. Clin. Periodontol. 1985, 12, 494-502. [CrossRef] [PubMed]


https://doi.org/10.1136/annrheumdis-2019-216655
https://www.ncbi.nlm.nih.gov/pubmed/31969328
https://doi.org/10.1016/j.autrev.2007.03.003
https://www.ncbi.nlm.nih.gov/pubmed/17967723
https://doi.org/10.1016/j.autrev.2010.07.011
https://www.ncbi.nlm.nih.gov/pubmed/20667515
https://doi.org/10.1038/nrrheum.2010.139
https://doi.org/10.1111/jcpe.12138
https://www.ncbi.nlm.nih.gov/pubmed/23902301
https://doi.org/10.37358/RC.17.8.5798
https://doi.org/10.1902/jop.2015.150202
https://www.ncbi.nlm.nih.gov/pubmed/26291296
https://doi.org/10.1002/art.37746
https://doi.org/10.1902/jop.2008.070616
https://doi.org/10.1902/jop.2009.090015
https://doi.org/10.1902/jop.2012.120009
https://www.ncbi.nlm.nih.gov/pubmed/22524332
https://doi.org/10.1902/jop.2014.140194
https://www.ncbi.nlm.nih.gov/pubmed/24857321
https://doi.org/10.3389/fimmu.2020.591365
https://doi.org/10.1902/jop.1975.46.9.522
https://www.ncbi.nlm.nih.gov/pubmed/1057645
https://doi.org/10.1902/jop.1973.44.2.66
https://www.ncbi.nlm.nih.gov/pubmed/4509540
https://doi.org/10.1016/j.joen.2013.10.036
https://doi.org/10.1111/iej.13903
https://doi.org/10.3390/ijms18091973
https://doi.org/10.1002/1529-0131(200108)44:8%3C1876::AID-ART326%3E3.0.CO;2-F
https://doi.org/10.3109/00016356408993968
https://doi.org/10.3109/00016356309011240
https://www.ncbi.nlm.nih.gov/pubmed/14121956
https://doi.org/10.1111/j.1600-051X.1985.tb01384.x
https://www.ncbi.nlm.nih.gov/pubmed/3860514

J. Clin. Med. 2024, 13, 448 10 of 10

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.
35.
36.
37.
38.

39.

40.

41.

Anderegg, C.R.; Metzler, D.G. Treatment of the palato-gingival groove with guided tissue regeneration. Report of 10 cases.
J. Periodontol. 1993, 64, 72-74. [CrossRef]

Vegh, E.; Kerekes, G.; Pusztai, A.; Hamar, A.; Szamosi, S.; Vancsa, A.; Bodoki, L.; Pogacsas, L.; Balazs, F.; Hodosi, K.; et al. Effects
of 1-year anti-TNF-alpha therapy on vascular function in rheumatoid arthritis and ankylosing spondylitis. Rheumatol. Int. 2020,
40, 427-436. [CrossRef] [PubMed]

Gulyas, K.; Horvath, A.; Vegh, E.; Pusztai, A.; Szentpetery, A.; Petho, Z.; Vancsa, A.; Bodnar, N.; Csomor, P.; Hamar, A.; et al.
Effects of 1-year anti-TNF-alpha therapies on bone mineral density and bone biomarkers in rheumatoid arthritis and ankylosing
spondylitis. Clin. Rheumatol. 2020, 39, 167-175. [CrossRef]

Tonetti, M.S.; Greenwell, H.; Kornman, K.S. Staging and grading of periodontitis: Framework and proposal of a new classification
and case definition. J. Periodontol. 2018, 89 (Suppl. S1), S159-5172.

Cotti, E.; Abramovitch, K.; Jensen, J.; Schirru, E.; Rice, D.D.; Oyoyo, U.; Torabinejad, M. The Influence of Adalimumab on the
Healing of Apical Periodontitis in Ferrets. J. Endod. 2017, 43, 1841-1846. [CrossRef]

Knowles, ].W.; Burgett, F.G.; Nissle, R.R.; Shick, R.A.; Morrison, E.C.; Ramfjord, S.P. Results of periodontal treatment related to
pocket depth and attachment level. Eight years. J. Periodontol. 1979, 50, 225-233. [CrossRef]

Werner, N.; Heck, K.; Walter, E.; Ern, C.; Bumm, C.V.; Folwaczny, M. Probing pocket depth reduction after non-surgical periodontal
therapy: Tooth-related factors. J. Periodontol. 2023, 1-11. [CrossRef] [PubMed]

Loe, H.; Theilade, E.; Jensen, S.B. Experimental Gingivitis in Man. . Periodontol. (1930) 1965, 36, 177-187. [CrossRef] [PubMed]
Hajishengallis, G.; Korostoff, .M. Revisiting the Page & Schroeder model: The good, the bad and the unknowns in the periodontal
host response 40 years later. Periodontol. 2000 2017, 75, 116-151.

Figueredo, C.M.; Lira-Junior, R.; Love, R M. T and B Cells in Periodontal Disease: New Functions in a Complex Scenario. Int. J.
Mol. Sci. 2019, 20, 3949. [CrossRef] [PubMed]

Demoersman, J.; Pochard, P.; Framery, C.; Simon, Q.; Boisrame, S.; Soueidan, A.; Pers, J.O. B cell subset distribution is altered in
patients with severe periodontitis. PLoS ONE 2018, 13, e0192986. [CrossRef] [PubMed]

Weissmann, G. The pathogenesis of rheumatoid arthritis. Bull. NYU Hosp. Jt. Dis. 2006, 64, 12-15. [CrossRef]

Brown, M.A. Genetics and the pathogenesis of ankylosing spondylitis. Curr. Opin. Rheumatol. 2009, 21, 318-323. [CrossRef]
Watad, A.; Amital, H. ACPAs Are much More Than Diagnostic Autoantibodies. Rambam Maimonides Med. ]. 2016, 7, e0028.
[CrossRef]

Lu, M.C; Lai, N.S;; Yin, W.Y,; Yu, H.C.; Huang, H.B.; Tung, C.H.; Huang, K.Y,; Yu, C.L. Anti-citrullinated protein antibodies acti-
vated ERK1/2 and JNK mitogen-activated protein kinases via binding to surface-expressed citrullinated GRP78 on mononuclear
cells. J. Clin. Immunol. 2013, 33, 558-566. [CrossRef]

Meyer, PW.; Hodkinson, B.; Ally, M.; Musenge, E.; Wadee, A.A.; Fickl, H.; Tikly, M.; Anderson, R. Circulating cytokine profiles
and their relationships with autoantibodies, acute phase reactants, and disease activity in patients with rheumatoid arthritis.
Mediat. Inflamm. 2010, 2010, 158514. [CrossRef]

Navarro-Millan, I.; Sattui, S.E.; Curtis, ]J.R. Systematic review of tumor necrosis factor inhibitor discontinuation studies in
rheumatoid arthritis. Clin. Ther. 2013, 35, 1850-1861.el. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1902/jop.1993.64.1.72
https://doi.org/10.1007/s00296-019-04497-0
https://www.ncbi.nlm.nih.gov/pubmed/31848735
https://doi.org/10.1007/s10067-019-04771-3
https://doi.org/10.1016/j.joen.2017.06.019
https://doi.org/10.1902/jop.1979.50.5.225
https://doi.org/10.1002/JPER.23-0285
https://www.ncbi.nlm.nih.gov/pubmed/37436696
https://doi.org/10.1902/jop.1965.36.3.177
https://www.ncbi.nlm.nih.gov/pubmed/14296927
https://doi.org/10.3390/ijms20163949
https://www.ncbi.nlm.nih.gov/pubmed/31416146
https://doi.org/10.1371/journal.pone.0192986
https://www.ncbi.nlm.nih.gov/pubmed/29447240
https://doi.org/10.1097/01.rhu.0000130687.75646.44
https://doi.org/10.1097/BOR.0b013e32832b3795
https://doi.org/10.5041/RMMJ.10255
https://doi.org/10.1007/s10875-012-9841-6
https://doi.org/10.1155/2010/158514
https://doi.org/10.1016/j.clinthera.2013.09.015
https://www.ncbi.nlm.nih.gov/pubmed/24156821

	Introduction 
	Materials and Methods 
	Patients 
	Evaluation of Oral Status 
	Statistical Analysis 

	Results 
	Discussion 
	References

