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Abstract

Background/Objectives: The aim of this study was to assess the relationship between the de-
cline in rheumatoid arthritis (RA) disease activity—induced by periodontal treatment—and
changes in the microbiology of subgingival plaque and serum antibody levels against the
periodontal bacterium Porphyromonas gingivalis. Methods: Twenty-two RA patients with
periodontitis underwent non-surgical periodontal treatment and assessment for the disease
activity score of 28 joints (DAS28); antibody response to P. gingivalis virulence factors
arginine (Rgp) and lysin (Kgp) gingipain; peptidyl arginine deiminase (PAD)2/4-activity;
and the presence of P. gingivalis, Tannerella forsythia, and Prevotella intermedia in subgingival
plaque through the evaluation of colony-forming units (CFUs) at baseline, two months,
and six months post-treatment. Results: Periodontal treatment significantly reduced P.
gingivalis CFUs at two and six months, and T. forsythia and P. intermedia CFUs at two months.
Anti-RgpB IgG levels decreased at two months (p = 0.020). Higher baseline anti-RgpB IgG
levels (r = —0.44, p = 0.039) and P. gingivalis CFU (r = —0.47, p = 0.028) correlated with
greater reductions in DAS28. Greater reductions in P. gingivalis CFU were also associated
with greater declines in DAS28 (r = 0.426, p = 0.048 and r = 0.467, p = 0.028, at two and
six months, respectively). Anti-Kgp IgG and PAD2/PAD4 activity were not significantly
affected by periodontal treatment. Conclusions: The impact of periodontal treatment on
RA disease activity is more pronounced in patients with higher baseline P. gingivalis load
and antibody response to RgpB. Better microbiological responses to periodontal treatment
are associated with greater improvements in rheumatological symptoms. Further research
is needed to confirm these findings and fully elucidate the underlying mechanisms.
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periodontopathogens

Rheumato 2026, 6, 2

https://doi.org/10.3390 /rtheumato6010002


https://crossmark.crossref.org/dialog?doi=10.3390/rheumato6010002&domain=pdf&date_stamp=2026-01-12
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/rheumato
https://www.mdpi.com
https://orcid.org/0000-0002-5601-7974
https://orcid.org/0000-0003-4513-4128
https://orcid.org/0000-0001-7625-964X
https://orcid.org/0000-0003-4503-5365
https://doi.org/10.3390/rheumato6010002

Rheumato 2026, 6, 2

2 0f 8

1. Introduction

Periodontitis, a destructive inflammatory disease affecting the tooth-supporting struc-
tures, is the most prevalent bacteria-driven chronic disease in humans [1]. Severe forms of
periodontitis affect approximately 11% of the adult population worldwide [2]. Periodontitis
is associated with local dysbiosis and bacterial proliferation, where Porphyromonas gingivalis
(P. gingivalis) has been described as a keystone pathogen. Both periodontitis and P. gingivalis
specifically have been linked to the development and persistence of systemic chronic in-
flammatory diseases, including rheumatoid arthritis (RA) [3]. Several case—control studies
support the association between periodontitis and RA, showing that patients with RA have
a higher prevalence of periodontitis and tooth loss, with odds ratios between 1.82 and
20.57 [4]. Additionally, serum levels of anti-citrullinated protein antibodies (ACPAs), key
biomarkers of RA, have been associated with the presence of periodontitis and P. gingi-
valis [5]. Furthermore, a recent study links oral bacteremia to RA flares [6]. A systematic
review and meta-analysis by Silva et al. suggested periodontal treatment may have a favor-
able effect upon RA disease activity in patients with this comorbidity [7]. However, the
literature is not consistent on this matter. A recent clinical trial by our group [8] addressing
this hypothesis demonstrated that non-surgical periodontal treatment (steps 1 and 2) is
locally effective in RA patients and has a positive impact on RA disease activity and ACPA
levels, particularly in those with severe periodontitis, irrespective of RA disease activity
and associated medication.

The current study was designed as part of the clinical trial described above to evaluate
whether and how the RA activity level after non-surgical periodontal treatment are associ-
ated with changes in dental plaque microbial composition and serum levels of antibodies
against P. gingivalis.

2. Materials and Methods

This study was performed as part of a registered (ISRCTN 17950307) randomized
delayed-start study conducted at Centro Hospitalar e Universitario de Coimbra (CHUC),
Portugal, from November 2018 to October 2021. All procedures were approved by the
hospital’s ethics committee (protocol number CHUC-130-17). All participants provided
written informed consent prior to inclusion in the study.

Patient recruitment and selection, periodontal intervention, clinical assessment (peri-
odontal and rheumatological), and sampling are detailed in Supplementary Material S1
and were previously published [8-15].

Briefly, participants were recruited among consecutive adult individuals with RA,
classified according to the ACR/EULAR 2010 criteria [16]. Full-periodontal assessment
(including probing depth [PD], bleeding on probing [BoP], plaque index [PI], and clinical
attachment loss [CAL]) allowed for the classification of periodontitis [1] according to its
severity (stages I-IV), extent, and disease progression (grade A, B, or C). Only patients with
moderate and severe periodontitis (Stages > II) were included, irrespective of the extent
and grade.

Additional exclusion criteria were as follows: less than six natural teeth, current
inflammatory conditions other than RA, history of infection/antibiotic use in the previous
four months, history of periodontal treatment, changes in RA medication in the previous
three months or predicted to occur during the study timeframe, current or prior smoking
habits, diabetes, current pregnancy, or lactation.

Recruitment continued until 22 consenting patients were included.

At baseline (visit 1 [V1]), all study participants were instructed to adopt ade-
quate oral hygiene methods and were submitted to steps 1 and 2 (non-surgical) of
periodontal therapy.
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Full-periodontal and rheumatological assessments, as well as peripheral blood sam-
pling and subgingival biofilm collection, were performed at baseline (V1) and at 2 (visit 2
[V2]) and 6 months (visit 3 [V3]) after the periodontal intervention.

Disease activity score for 28 joints (DAS28) was calculated based on the number of
tender and swollen joints and C-reactive protein (CRP) levels (mg/L) [17].

Methods employed in serum analysis, namely, CRP levels, anti-cyclic citrullinated
peptide 2 (CCP2) IgG, peptidyl arginine deiminase (PAD) 2 and PAD4 activity (PAD2Act
and PAD4Act), anti-RgpB, and anti-Kgp IgG, are described in Supplementary Material S2.

Subgingival biofilm analyses, namely, P. gingivalis, Tannerella forsythia (T. forsythia), and
Prevotella intermedia (P. intermedia) colony-forming units (CFUs) are detailed in Supplemen-
tary Material S2.

Statistical Analysis

Changes observed between visits, in each patient, for every clinical, serological, and
imaging parameter described above, were calculated as absolute values. Data distribution
was tested by the Shapiro-Wilk test for normality and the Levene test for equality of
variances. Continuous data comparisons were conducted using the Mann-Whitney U
test. The Friedman test was used to compare data acquired at the three visits, followed by
Dunn’s post hoc test (1964) procedure with a Bonferroni correction for multiple comparisons.
Spearman’s correlation was used to test for statistical dependence between two variables.

3. Results
3.1. Baseline Characteristics

The patients’” baseline characteristics were fully detailed in a previously published
study [8] and are presented in supplementary Table S1. Briefly, a total of 85 RA patients
were screened, and 33 patients were invited to a full-periodontal assessment based on the
PSR criteria. Ten patients were excluded as they were diagnosed with stage I periodon-
titis, and one individual declined to participate. The final sample set included 22 study
participants (n = 14 females, n = 8 males), with a mean age of 61.4 (£8.6) years (Table
51). Twenty-one patients were treated with conventional disease-modifying antirheumatic
drugs (csDMARDs) and five with biological agents () DMARDs); twelve patients were in
remission, two had low disease activity, and eight had moderate disease activity. Regarding
periodontitis severity, four individuals were classified as stage II (one localized; three
generalized), seven as stage Il (five localized; two generalized), and eleven as generalized
stage IV periodontitis. Regarding periodontitis progression, the majority of the included
patients were classified as grade B (moderate rate), except for four stage IV patients, who
were grade C (rapid rate).

3.2. The Relationship Between Microbiological Parameters and Periodontitis Severity at Baseline

There were no differences between moderate and severe periodontitis patients regard-
ing P. gingivalis, T. forsythia, and P. intermedia plaque CFUs or anti-RgpB IgG and anti-Kgp
IgG levels at baseline. Nor did we detect differences in serum PAD2/PAD4 activity between
the two patient groups (Supplementary Table S1).

Spearman correlation analyses revealed a positive correlation between baseline anti-
RgpB IgG levels and BoP (r = 0.437, p = 0.042), while no correlations were found between
any other microbiological and periodontal parameters.

Additionally, positive correlations were observed between P. gingivalis CFU and both
anti-RgpB (r = 0.729, p = 0.0001) and anti-Kgp IgG levels (r = 0.562, p = 0.0065) at baseline.
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3.3. The Impact of Periodontal Treatment on Microbiological and RA Outcomes

Periodontal treatment resulted in significant decreases in P. gingivalis, T. forsythia, and
P. intermedia CFU. This was specifically evident for P. gingivalis, with a significant decrease
at both two (p = 0.001) and six (p = 0.028) months post-treatment, while T. forsythia (p < 0.001)
and P. intermedia (p = 0.048) decreased significantly at two months but not at six months.
Anti-RgpB IgG levels also decreased at two (p = 0.020) but not six months. Anti-Kgp IgG
levels remained unchanged. Serum PAD2/PAD4 activity showed no statistically significant

changes following periodontal treatment (Table 1).

Table 1. Effect of periodontal treatment on rheumatological and microbiological parameters.

A\

V2

V3

V1vs. V2 vs.

N=22 N =22 N=22 V3 V1vs. V2 V1vs. V3
DAS28; median (IQR) 2.4(2.3) 2.7 (2.0) 2.5 (1.4) p=0.873 (a) - -
CRP (mg/L); median (IQR) 3.3 (5.3) 2.2 (4.6) 3.7 (5.9) p=0.727 (a) - -
GLOESS; median (IQR) 12.5 (18.3) 9.5 (9.5) 10.5 (17.3) p=0.130 (a) - -
Anti-CCP2 IgG (AU); - ] ]
medion (108, 81.8(457.0)  47.2(413.6)  49.1(4417)  p=0.051(a)
Pgingivalis (CFU); 42,071,037.4 29,222.7 1,100,033.1 ~ ~ ~
median (IQR) (85.048214.0)  (3297.6476) (86589328 P =0001@  p=0001(b)  p=0028(b)
T. forsythia (CFU); 341189729  2,579,187.6  13,159,283.3 ~ ~
median (IQR) (475845889)  (14318373.0) (382053700) P=0001@  p<0001(b)  p=0125(b)
P. intermedia (CFU); 32,127,1072  2,894642.5  10,051,666.6 ~ ~ ~
median (IQR) (64982.1877)  (22,537,760.0) (40,115.7836) P =0020@  p=0048(b)  p=0.150(b)
PAD2 activity (AU); 9371.1 9518.5 9476.0 0280 (3) ] ]
median (IQR) (1736.4) (1493.1) (3297.3) p=5
PAD4 activity (AU); 40,936.1 40,901.9 41,4918 0280 (3) ] ]
median (IQR) (21,959.3) (20,775.9) (21,130.6) p=0
Anti-RgpB IgG; _ _ _
medine (I0R) 2711 (447.0)  211.5(430.3)  239.6 (2817) p=0015(@) p=0020(b)  p=0.071(b)
Anti-Kgp IgG; _ ) .
medins (100 5229(9429)  537.4(835.6)  661.3(1012.3)  p=0.554 (a)

AU = arbitrary unit; BoP: bleeding on probing; CCP2 = second generation cyclic citrullinated peptide;
CFU = colony-forming unit; CRP = C-reactive protein; DAS28 = disease activity score for 28 joints;
GLOESS = global OMERACT/EULAR ultrasound synovitis score; IQR = interquartile range; Kgp = lysine-
specific gingipain; N = number; PAD = enzyme peptidyl-arginine-deiminase; RgpB = arginine-specific gingipain;
V1 = visit 1 (baseline/treatment visit); V2 = visit 2 (2-month visit); V3 = visit 3 (6-month visit). (a) Related-samples
Friedman'’s two-way analysis of variance by ranks; (b) Dunn’s test for multiple comparisons (post hoc test).

Changes in rheumatological parameters post-periodontal treatment were previously
published [8]. Briefly, no significant changes were observed for DAS28-CRP, anti-CCP2 IgG,
CRP, or global OMERACT-EULAR synovitis score (GLOESS) when including all patients
in the analysis. However, significant improvements in DAS28 were observed between
clinical visits (AV2-V1 p = 0.042; AV3-V1 p = 0.001), and anti-CCP2 IgG levels decreased
significantly at six months (p = 0.032) in severe versus moderate periodontitis.

3.4. The Relationship Between Baseline Microbiological Load and Improvement of Periodontitis and
RA Post-Treatment

When assessing all patients using Spearman correlation analyses, we detected no
significant correlations between baseline microbiological loads and periodontitis improve-
ments. However, correlation analyses revealed that higher baseline P. gingivalis CFUs were
associated with more pronounced improvements in DAS28 at two months post-treatment
(AV2-V1;r = —0.47, p = 0.028), Figure 1.
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Figure 1. Graphical representation of the correlation matrix of baseline microbiological parameters
and variation in rheumatological parameters after steps 1 and 2 of periodontal therapy. The fig-
ure shows correlation coefficients, r (scale on the right); p-values are shown as asterisks (* < 0.05;
** < 0.01; *** < 0.001). CCP2 = second generation cyclic citrullinated peptide; CFU = colony-forming
unit; CRP = C-reactive protein; DAS28 = disease activity score for 28 joints; Kgp = lysine-specific
gingipain; N = number; PAD = enzyme peptidyl-arginine-deiminase; RgpB = arginine-specific cys-
teine proteinase; V1 = visit 1 (baseline/treatment visit); V2 = visit 2 (2-month visit); V3 = visit 3
(6-month visit).

3.5. The Relationship Between the Baseline Antibody Response to Gingipains and Improvement of
Periodontitis and RA Post-Treatment

Spearman correlation analyses, including all patients, showed that higher baseline
anti-Kgp IgG levels correlated with greater reductions in PD at two months post-treatment
(AV2-V1;r = —0.54, p = 0.010). A similar relationship was observed regarding reductions
in maximum CAL at both two (AV2-V1; r = —0.49; p = 0.022) and six (AV3-V1; r = —0.46;
p = 0.029) months. No significant correlations were identified for baseline anti-RgpB IgG
levels and periodontal improvements.

Regarding correlations with rheumatological improvements, we found that higher
baseline anti-RgpB IgG levels correlated with greater reductions in DAS28 six months
post-treatment (V3-V1; r = —0.44, p = 0.039) (Figure 1).

3.6. The Relationship Between Changes in Microbiological Parameters and RA Outcome Measures
in Response to Periodontal Treatment

To investigate whether a deeper microbiological response to periodontal treatment
was associated with more pronounced improvements in rheumatological symptoms, we
performed additional Spearman correlation analyses. A significant positive correlation
was detected between changes in P. gingivalis CFU (AV2-V1 and AV3-V1) and changes in
DAS28 (AV2-V1) (r = 0.426, p = 0.048 and r = 0.467, p = 0.028, respectively). No correlations
were observed for other microbiological or rheumatological parameters, including CRP
and anti-CCP2 IgG levels.
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4. Discussion

This study aimed to explore the impact of periodontal treatment on microbiological
parameters and its relationship with RA outcomes measures. The results indicate that peri-
odontal therapy significantly affects the gingival microbiological profile, with reductions in
key periodontal pathogens such as P. gingivalis, T. forsythia, and P. intermedia. Specifically, P.
gingivalis showed a significant decrease at 2 and 6 months post-treatment, while T. forsythia
and P. intermedia demonstrated significant reductions only at the 2-month visit. Indeed, the
link between RA and periodontitis has been suggested to depend on P. gingivalis [18,19],
which is the only bacterium that expresses its own PAD enzyme, denoted PPAD. Strikingly,
ACPAs have been detected in gingival crevicular fluid [20], and B cells residing in the
gingiva of a periodontitis patient with RA were found to cross-react with citrullinated
antigens derived from human proteins and P.PAD [21].

While there were significant microbiological improvements at the plaque level, serum
PAD2 and PAD4 activities did not show any significant changes post-treatment. This
suggests that either long-term periodontal interventions are needed to effectively reduce
these inflammatory serum markers or that they are maintained by extraoral sources.

There was a transient decrease in anti-RgpB IgG levels at 2 months (p = 0.020), which
was not sustained at 6 months, and no changes in anti-Kgp IgG levels. Since a positive
correlation between baseline anti-RgpB levels and BoP exists, we hypothesize that these
results may reflect the lack of sustained improvement in local periodontal inflammation
upon treatment. Future studies aiming to confirm this hypothesis should implement more
frequent intermediate visits to reinforce oral hygiene instructions and supragingival plaque
control, as it would improve periodontal inflammatory outcomes.

In terms of rheumatological outcome measures, as reported in the previously pub-
lished study [8], patients with severe (but not moderate) periodontitis experienced signifi-
cant improvements in DAS28 scores and anti-CCP2 IgG levels at 6 months. We hypothesize
that the specific significant decrease in P. gingivalis at 2 and 6 months (and not the other
analyzed bacteria) may be the possible explanation for those results. The results reported
herein extend these observations to suggest that higher P. gingivalis loads and antibody
responses to RgpB predict a greater reduction in DAS28 following periodontal treatment.
Moreover, greater reductions in P. gingivalis CFU after periodontal treatment were associ-
ated with greater declines in DAS28 levels. Future studies should clarify whether these
findings are directly related to P. gingivalis load or to the periodontal inflammatory status.

We acknowledge the small sample size, the limited treatment scheme, and the anal-
ysis of only a few selected organisms (P. gingivalis, T. forsythia, and P. intermedia), but our
exploratory study overcomes most other major limitations identified in the published litera-
ture in this field [7], including (i) lack of standardized disease case definition (periodontitis
and RA), intervention, and measurements; (ii) uncertainty regarding the stability of RA
medication during the trial; and (iii) adequate control of confounding factors like smoking.

5. Conclusions

In conclusion, while periodontal treatment effectively reduces periodontal pathogens
in all patients, its impact on RA parameters was more pronounced in patients with a higher
P. gingivalis load. Moreover, better microbiological responses to periodontal treatment were
associated with greater improvements in rheumatological symptoms. These observations
support a pathogenic link between P. gingivalis and RA and the potential benefit of targeted
periodontal therapy in the management of RA, especially in patients with high microbiolog-
ical counts. Further research is needed to confirm these preliminary findings, establish the
ideal method and duration of treatment, and fully elucidate the mechanisms underlying
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these observations. The potential value of integrating periodontal care into the routine
management of RA patients merits further study.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/rheumato6010002/s1: Supplementary methods S1: Patient re-
cruitment and selection, periodontal intervention, clinical assessment (periodontal and rheuma-
tological), and sampling; Supplementary methods S2: Serum and subgingival biofilm analyses;
Table S1: Baseline characteristics of the included individuals. References [1,9-17] are cited in the
Supplementary Material.
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