Med Oral Patol Oral Cir Bucal-AHEAD OF PRINT - ARTICLE IN PRESS Association between RA and periodontitis

Journal section: Periodontology doi-10.4317/medoral 26848
Publication Types: Research

Association between rheumatoid arthritis and periodontitis:
a study based on a two-sample mendelian randomisation analysis

Qi Cai !, Chen Li !, Zhizen Quan !, Xinyu Yang !, Tong Chen !, Xu Han !, Xiaogang Xu '

! Department of Stomatology, The First Affiliated Hospital of Naval Medical University, Shanghai, China

Correspondence:

Department of Stomatology

The First Affiliated Hospital of Naval Medical University
No. 168 Changhai Road, Yangpu District

Shanghai, 200433, China

xxgsmmu@sina.com; hanxu8008@sina.com

Please cite this article in press as: Cai Q, Li C, Quan Z, Yang X, Chen T,
Received: 08/08/2024 Han X, et al. Association between rheumatoid arthritis and periodontitis:
Accepted: 17/01/2024 a study based on a two-sample mendelian randomisation analysis. Med
Oral Patol Oral Cir Bucal. 2025. doi:10.4317/medoral.26848

Abstract

Background: The association between Rheumatoid arthritis (RA) and Periodontitis (PD) has been increasingly
recognised, yet traditional epidemiological studies face challenges in establishing associations. Therefore, this
study aims to genetically assess the association between RA and PD through Mendelian randomisation (MR)
analysis, using genetic variations as instrumental variables.

Material and Methods: Data on RA and PD were downloaded from the EBI website. The RA data contained 8,255
cases and 409,001 controls, with a total of 24,175,266 SNPs; the chronic PD data contained 950 cases and 409,001
controls, with a total of 11,842,647 SNPs; the acute PD data contained 128 cases and 456,220 controls, with a total
of 11,842,647 SNPs. Additionally, the potential association between RA and PD was investigated. The intercept
between Mendelian randomisation (MR)-Egger regression, MR-PRESSO test results and funnel plots was used to
analyse the horizontal pleiotropy of SNPs along with the effect of individual SNPs on inverse-variance weighting
(IVW) analysis results, assessed using the leave-one-out method.

Results: In total, 26 SNPs highly associated with RA were screened; MR-Egger regression (OR=1.242, 95% CI
(1.032-1.494), P=0.031), WM (OR=1.190, 95% CI (1.015-1.395), P=0.032), IVW (OR=1.191, 95% CI (1.053-1.348),
P=0.006) and weighted mode (OR=1.212, 95% CI (1.043-1.409), P=0.019) suggested that RA was a likelihood
factor for chronic PD, whereas RA was not associated with the incidence of acute PD, and the Cochran’s Q test
indicated no statistical heterogeneity between SNPs highly associated with RA. Moreover, analyses using the
intercept between the MR-Egger regression, MR-PRESSO test results and funnel plot revealed no horizontal plei-
otropy in SNPs highly associated with RA.

Conclusions: Rheumatoid arthritis was genetically identified as a likelihood factor for PD and the onset of chronic
PD, but no association was observed between RA and acute PD.

Key words: Periodontitis, rheumatoid arthritis, mendelian randomisation. Periodontitis, rheumatoid arthritis,
mendelian randomisation.
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Introduction

Periodontitis (PD) is a prevalent infectious disease af-
fecting oral health globally, with up to 90% of the popu-
lation impacted (1). It is characterised by specific plaque
biofilms and complex host inflammatory responses,
leading to tooth mobility in severe cases (2,3). Factors
such as smoking, obesity, age and poor oral hygiene
contribute to its progression (4-6).

Rheumatoid arthritis (RA) is a systemic autoimmune
disease causing progressive joint damage. Affecting ap-
proximately 1% of the global population, RA is more
common in women than in men (7). It can lead to chron-
ic synovial hyperplasia, joint deformities and various
complications if left untreated (8,9).

Recent studies have revealed significant commonalities
between PD and RA in terms of risk factors, pathologi-
cal features and immunological characteristics (10,11).
Both conditions involve increased inflammatory cell
infiltration, the release of pro-inflammatory mediators
and the activation of pathways leading to bone destruc-
tion. Notably, some researchers have proposed a link
between P. gingivalis and the development of RA (12).
The association between RA and PD has been increas-
ingly recognised, yet traditional epidemiological stud-
ies face challenges in establishing associations due to
confounding factors and reverse causality. Although
randomised controlled trials (RCTs) are considered the
gold standard for inferring associations, they are often
ethically constrained and difficult to implement in this
context (13). Given these limitations, Mendelian ran-
domisation (MR) analysis offers a promising alterna-
tive. This approach, often referred to as a natural RCT,
allows for causal inferences while minimising the in-
fluence of confounding factors and reverse causality
(14,15). Therefore, this study aims to genetically assess
the association between RA and PD through MR analy-
sis, using genetic variations as instrumental variables.

Material and Methods

- Data Sources

In this study, both RA and PD data were down-
loaded from the EBI website (https:/www.ebi.ac.uk/
gwas/downloads/summary-statistics). The RA data
(GCST90018910) contained 8,255 cases and 409,001
controls, with a total of 24,175,266 SNPs; the chronic
PD data (GCST90044102) contained 950 cases and
409,001 controls, with a total of 11,842,647 SNPs; and
the acute PD data (GCST90044101) contained 128 cases
and 456,220 controls, with a total of 11,842,647 SNPs.
The vast majority of GWAS data in this study were de-
rived from European populations.

- Screening of Instrumental Variables

In this study, the instrumental variables (IVs) were se-
lected first from the GWAS pooled data of exposure fol-
lowing a series of stringent criteria, with the specific
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screening steps as follows: 1) SNPs were screened using
genome-wide significance levels (P<5%10-8) as thresh-
olds; 2) SNPs that were palindromic sequences (i.c. A/T
or G/C) were removed; palindromic sequences refer
to SNPs that have the same base order on the forward
strand as on the reverse strand of DNA and are in the
opposite direction, making it impossible to infer wheth-
er the strand is the forward or reverse one; 3) linkage
disequilibrium (LD) in SNPs was excluded for screen-
ing independent SNPs following r2 < 0.01 and genetic
distance > 10,000 kb, and LD was estimated according
to the European Population Genome Project reference
panel; 4) F-statistics for each SNP were calculated to
exclude the weak IV bias, with IVs with F < 10 defined
as weak I'Vs and excluded from the MR analysis (16).

- Mendelian Randomisation Analysis Process

The MR analysis was performed using the TwoSam-
pleMR package in R software (version 4.4.0), with the
MRPRESSO package used for the MR-PRESSO analy-
sis. The specific steps were as follows: 1) MR analysis:
In this study, inverse-variance weighting (IVW) (17),
MR-Egger regression (18), WM (19), simple mode and
weighted mode were used for analysis, and the IVW
analysis results prevailed if there was no horizontal
pleiotropy among the SNPs (20); 2) Statistical het-
erogeneity: The presence of statistical heterogeneity
among SNPs was assessed using the Cochran Q test,
with P<0.05 indicating statistical heterogeneity (21);
3) Horizontal pleiotropy: The horizontal pleiotropy of
SNPs was analysed using the intercept between the
MR-Egger regression, MR-PRESSO test results and
funnel plots, and a nonstatistically significant intercept
versus 0 indicated no horizontal pleiotropy in the SNPs.
Moreover, in the MR-PRESSO test, P>0.05, suggesting
no horizontal pleiotropy in the SNPs. Additionally, the
funnel plot analysis revealed symmetrical left and right
distributions in SNPs, indicating no significant hori-
zontal pleiotropy in SNPs; 4) Sensitivity analysis: The
leave-one-out method was used to assess the effects of
individual SNPs on the IVW analysis results, and no
significant changes to the IVW analysis results after re-
moving a single SNP indicated no significant effect of
this SNP on the IVW analysis results (22). Odds ratios
(ORs) were calculated using the IVW method, which
combines the effects of individual SNPs on exposure
and outcomes. The IVW method assumes that all ge-
netic variants are valid I'Vs and that there is no hori-
zontal pleiotropy. To address potential confounding, we
used several sensitivity analyses, including MR-Egger
regression, weighted median and weighted mode meth-
ods. These methods provide estimates that are robust
to certain types of pleiotropy and invalid Instrumental
Variables. However, it is important to note that MR in-
herently controls for many confounding factors by us-
ing genetic variants as [Vs, as these are generally not
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influenced by environmental or lifestyle factors. We
did not perform additional adjustments for specific con-
founding factors in our primary analysis, as this is not
typically done in two-sample MR studies.

Results

- Association Between Rheumatoid Arthritis and
Chronic Periodontitis

Identification of Instrumental Variables: In the associa-
tion analysis between RA and chronic PD, a total of 26
SNPs were finally included in the analysis after remov-
ing LD, with the F value of each SNP >10. Table 1 pres-
ents data on related SNPs, including effector alleles and
effector allele frequencies.

Mendelian Randomisation Analysis Results: The anal-
ysis revealed no statistical significance in the results
obtained using the simple mode (P>0.05). Moreover,
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MR-Egger regression (OR=1.242, 95% CI (1.032-1.494),
P=0.031), WM (OR=1.190, 95% CI (1.015-1.395),
P=0.032), IVW (OR=1.191, 95% CI (1.053-1.348),
P=0.006) and weighted mode (OR=1.212, 95% CI
(1.043-1.409), P=0.019) suggested RA as a likelihood
factor for chronic PD (Fig. 1).

Sensitivity Analysis: The heterogeneity test and the
pleiotropy test for the MR-Egger intercept were per-
formed on the data, indicating no heterogeneity and
pleiotropy in the data (Q = 26.018, P=0.352; intercept =
—0.011, P=0.554). Moreover, the funnel plot analysis re-
vealed symmetrical left and right distributions in SNPs
highly associated with RA. Furthermore, the leave-one-
out analysis was performed using the remaining SNPs
after the step-wise removal of a single SNP, identifying
that no SNPs had a significant effect on the outcome
effect (Fig. 2).

Table 1: Basic Data of SNPs in MR Analysis of RA and Acute/Chronic PD.

SNP EA OA EAF Beta SE P-value F-value
rs10261758 A G 0.711 -0.081 0.014 1.47E-08 32.08
1510797431 T G 0.404 -0.074 0.013 1.06E-08 3291
rs111469885 A G 0.096 -0.124 0.022 2.65E-08 30.95
rs114815710 A G 0.030 -0.348 0.037 1.33E-21 90.95
1511889341 T C 0.250 0.123 0.015 2.71E-17 71.21
rs12232384 A C 0.279 0.078 0.014 6.02E-08 29.37

rs1776616 G A 0.665 0.083 0.014 2.41E-09 35.83
rs2156698 A G 0.456 -0.075 0.013 1.44E-08 32.34
rs2409780 C T 0.388 0.101 0.015 5.37E-12 47.21
152442730 A C 0.696 -0.121 0.014 1.83E-18 77.13
152476601 G A 0.887 -0.308 0.025 6.25E-34 147.82
rs28362859 C A 0.100 0.147 0.021 9.90E-13 51.07
1528780101 C T 0.065 -0.191 0.027 7.66E-13 51.23
rs3129753 C G 0.205 0.528 0.017 1.00E-200 | 1011.32
rs34536443 C G 0.043 -0.237 0.043 3.03E-08 30.73
rs35511257 C G 0.075 0.689 0.041 4.38E-64 285.10
153757387 C T 0.344 0.109 0.015 1.47E-13 54.58
rs4476815 C G 0.028 -0.236 0.036 6.92E-11 42.65
rs56376587 C A 0.429 0.079 0.013 3.77E-09 34.84
rs5754100 C T 0.244 0.086 0.015 9.20E-09 32.87
rs5757628 A G 0.428 0.097 0.016 7.58E-10 37.86
1562395833 C G 0.032 -0.252 0.039 7.95E-11 42.37
rs6910879 G A 0.072 0.544 0.040 7.10E-42 183.77
rs71508903 T C 0.211 0.087 0.016 2.54E-08 30.85
157731626 A G 0.279 -0.134 0.016 9.77E-18 73.17
159494894 C T 0.042 0.173 0.031 2.48E-08 31.00

Note: EA: Effector allele; OA: other allele; EAF: Effector allele frequency.
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Fig. 1: A: Forest plot of SNP-associated RA and chronic PD estimated using MR-Egger regression and IVW; B:
Scatter plot of genetic association between RA and chronic PD; C: Forest plot of results from 5 methods.
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Fig. 2: Funnel plot (A) and leave-one-out analysis plot (B) for MR analysis of RA and chronic PD.

- Association Between Rheumatoid Arthritis and Acute
Periodontitis

Identification of Instrumental Variables: The SNPs
used in the association analysis between RA and acute
PD were consistent with those of chronic PD, as shown
in Table 1.

Mendelian Randomisation Analysis Results: The analy-
sis revealed no statistical significance in the results ob-
tained using MR-Egger regression, WM, IVW, weight-
ed mode or simple mode (P>0.05) (Fig. 3).

Sensitivity Analysis: The heterogeneity test and the plei-
otropy test for the MR-Egger intercept were performed
on the data, indicating no heterogeneity and pleiotropy in
the data (Q=26.680, P=0.274; intercept=0.011, P=0.051).
Additionally, the funnel plot analysis revealed symmet-
rical left and right distributions for SNPs highly asso-
ciated with RA. Moreover, the leave-one-out analysis
was performed using the remaining SNPs after the step-
wise removal of a single SNP, identifying that no SNPs
had a significant effect on the outcome effect (Fig. 4).
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Fig. 3: A: Forest plot of SNP-associated RA and acute PD estimated using MR-Egger regression and IVW; B:
Scatter plot of genetic association between RA and acute PD; C: Forest plot of results from 5 methods.
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Fig. 4: Funnel plot (A) and leave-one-out analysis plot (B) for MR analysis of RA and acute PD.

Discussion

In this study, the association between RA and the likeli-
hood of PD was investigated through two-sample MR
analysis using large-scale GWAS pooled data, with the
findings suggesting no association between RA and acute
PD but indicating that RA was a likelihood factor for
chronic PD (OR=1.190, 95% CI (1.015-1.395), P=0.032).
Many observational studies have indicated that the
presence of RA may predispose individuals to PD. Kaja
Eriksson et al. (23) concluded that smoking and age
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were likelihood factors for PD in both RA and control
groups, without providing evidence to demonstrate that
patients diagnosed with RA had a higher prevalence
of PD than healthy controls. Multiple reports (24,25),
including large population-based clinical studies, have
revealed no association between RA and the preva-
lence or severity of PD. In the Nurses’ Health Study, the
largest observational study so far that has investigated
the timing of PD diagnosis and the number of missing
teeth in female nurses (292 patients with RA, 80,840
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healthy controls), no association with RA was found af-
ter follow-up for more than 12 years. However, despite
the data from a population health census in Taiwan (26)
suggesting that a history of PD was significantly asso-
ciated with the incidence of RA, no difference in the
likelihood of RA was identified in the medical records
for patients with PD receiving anti-infection treatment.
These reports on the relationship between RA and PD
are conflicting, possibly due to a variety of factors, in-
cluding ethnic differences in the study population, dif-
ferences in the adjustment of confounding factors and
different criteria for PD grading. Although some stud-
ies currently suggest a certain association between RA
and PD, studies with sufficient sample sizes are still
needed to identify the existing relationship and biologi-
cal processes between RA and PD.

A large number of studies have also investigated the
mechanisms between RA and PD from different as-
pects. In terms of genetic biomarkers, the highly poly-
morphic HLA-DRBI locus (also known as the epitope-
SE) is the most robust genetic factor involved in the
development of both diseases (27), and people carrying
the rs 2237892T allele may suffer from both diseases
(28). With regard to inflammatory biomarkers, both
patients with RA and PD exhibit high levels of ILIp,
IL6, MMPs and TNF-a, and the increased expression of
pro-inflammatory cytokines can stimulate STAT3 acti-
vation and play an essential role in the pathophysiology
of RA and PD (29). As for autoantibodies, evidence sug-
gests that the periodontal pathogens P. gingivalis and A.
actinomycetemcomitans are the two most critical mi-
croorganisms involved in the pathogenesis of RA and
PD and are associated with elevated anti-cyclic citrul-
linated peptide antibodies, which are the diagnostic and
prognostic biomarkers of RA (11,30).

In the present study, no association was observed be-
tween RA and acute PD, but RA was a likelihood factor
for chronic PD. This is consistent with the findings of
Larsson and Burgess (31), who conducted a comprehen-
sive systematic review and meta-analysis using Men-
delian randomization studies, demonstrating causal
associations between smoking and both periodontitis
and rheumatoid arthritis. However, the results of this
study are inconsistent with those of Yin ef al. (32), who
investigated the association between RA and osteoar-
thritis and PD using the MR method, with GWAS data
derived from European populations. Their results did
not suggest RA and osteoarthritis as etiological factors
of PD. This inconsistency in results is possibly due to
differences resulting from different subgroup analyses.
Specifically, the association between RA and acute/
chronic PD was investigated in this study using PD as
a grouping factor, whereas the study by Kang et al. did
not divide PD into different groups, ultimately leading
to divergent results.
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- Limitations

This study has several limitations. First, the GWAS data
used are derived from European populations; therefore,
further research is needed to validate whether the ex-
perimental results could be applied to other ethnic
groups. Second, the results of the two-sample MR anal-
ysis failed to group genders or identify the presence of
gender-wise differences in pathogenicity. Third, as the
possible biological mechanisms of RA and PD current-
ly remain unclear, this analysis has only preliminarily
identified the association between these two diseases.
Finally, the MR approach cannot establish temporal re-
lationships or causality between RA and PD but rather
provides insights into their genetic association. Further
research is needed to fully understand the nature and
direction of this relationship.

- Strengths and Lessons Learned

Despite these limitations, the study has several strengths.
The use of large-scale GWAS data and MR techniques
allows us to explore genetic associations between RA
and PD while minimising the influence of confound-
ing factors. This approach provides a novel perspective
on the relationship between these two conditions and
generates hypotheses for future research. Our findings
suggest the need for more comprehensive longitudinal
studies that can track the development of both RA and
PD over time. Additionally, this study highlights the
value of considering genetic factors when investigating
the links between systemic and oral health conditions.
Future research could build on these results by combin-
ing genetic data with clinical observations to provide a
more complete picture of the RA-PD relationship.

Conclusions
In conclusion, this study genetically identified RA as
a likelihood factor for the development of PD, with no
association observed between RA and acute PD, but
RA was identified as a likelihood factor for the onset
of chronic PD.

Acknowledgement
Declared none.

Institutional Review Board Statement
An ethics statement is not applicable because this study is based ex-
clusively on published literature.

Author Contributions

Qi Cai and Chen Li contributed equally to this work. Conception
and design of the research: Xu XG, Han X, Cai Q, Li C. Acquisition
of data: Cai Q, Quan ZZ, Chen T. Analysis and interpretation of the
data: Li C, Yang XY. Statistical analysis: Cai Q, Li C, Xu XG, Han
X. Obtaining financing: None. Writing of the manuscript: Cai Q, Li
C. Critical revision of the manuscript for intellectual content: Xu XG,
Han X.

Funding
There are no funding sources in relation to this paper.



Med Oral Patol Oral Cir Bucal-AHEAD OF PRINT - ARTICLE IN PRESS

Conflict of interest
All of the authors had no any personal, financial, commercial, or aca-
demic conflicts of interest separately.

References

1. Machado Pasqua BP, Sendyk M, Barros André C, Batista de Paiva
J, Wilmes B, Rino Neto J. Periodontal evaluation after maxillary ex-
pansion with a tooth-bone-borne expander in growing patients: A
randomized clinical trial. J Orofac Orthop. 2024.

2. Sun HY, Jiang H, Du MQ, Wang X, Feng XP, Hu Y, ef al. The
Prevalence and Associated Factors of Periodontal Disease among 35
to 44-year-old Chinese Adults in the 4th National Oral Health Sur-
vey. Chin J Dent Res. 2018;21:241-7.

3. Wianman M, Betnér S, Esberg A, Holm CK, Isehed C, Holmlund
A, et al. The PerioGene North Study Uncovers Serum Proteins Re-
lated to Periodontitis. J Dent Res. 2024;103:999-1007.

4. C Nishant P, Sinha S, Sinha RK, Morya AK. Bidirectional link
between periodontitis and systemic inflammation in diabetic reti-
nopathy. World J Diabetes. 2024;15:1651-3.

5. Sanz M, Beighton D, Curtis MA, Cury JA, Dige I, Dommisch H,
et al. Role of microbial biofilms in the maintenance of oral health
and in the development of dental caries and periodontal diseases.
Consensus report of group 1 of the Joint EFP/ORCA workshop on
the boundaries between caries and periodontal disease. J Clin Peri-
odontol. 2017;44:S5-11.

6. Prieto D, Gonzalez C, Weber L, Realini O, Pino-Lagos K, Bendek
M, et al. Soluble neuropilin-1 in gingival crevicular fluid is associ-
ated with rheumatoid arthritis: An exploratory case-control study. J
Oral Biol Craniofac Res. 2021;11:303-7.

7. Fan W, Pi Z, Kong K, Qiao H, Jin M, Chang Y, ef al. Analyzing
the impact of heavy metal exposure on osteoarthritis and rheumatoid
arthritis: an approach based on interpretable machine learning. Front
Nutr. 2024;11:1422617.

8. Kaneva MK, Muley MM, Krustev E, Reid AR, Souza PR,
Dell'Accio F, et al. Alpha-l-antitrypsin reduces inflammation and
exerts chondroprotection in arthritis. FASEB J. 2021;35:¢21472.

9. Villa Celi CS, Turcan V, Sosa J, Plotskaya N, Gugnani M. The
Coexistence of Microscopic Polyangiitis and Rheumatoid Arthritis:
A Case Report. Cureus. 2024;16:¢63885.

10. de Pablo P, Chapple IL, Buckley CD, Dietrich T. Periodontitis
in systemic rheumatic diseases. Nat Rev Rheumatol. 2009;5:218-24.
11. de Molon RS, Rossa C Jr, Thurlings RM, Cirelli JA, Koenders
MI. Linkage of Periodontitis and Rheumatoid Arthritis: Cur-
rent Evidence and Potential Biological Interactions. Int J Mol Sci.
2019;20:4541.

12. Rosenstein ED, Greenwald RA, Kushner LJ, Weissmann G. Hy-
pothesis: the humoral immune response to oral bacteria provides a
stimulus for the development of rheumatoid arthritis. Inflammation.
2004;28:311-8.

13. Zoccali C, Testa A, Spoto B, Tripepi G, Mallamaci F. Mendelian
randomization: a new approach to studying epidemiology in ESRD.
Am J Kidney Dis. 2006;47:332-41.

14. Verduijn M, Siegerink B, Jager KJ, Zoccali C, Dekker FW. Men-
delian randomization: use of genetics to enable causal inference in
observational studies. Nephrol Dial Transplant. 2010;25:1394-8.

15. Dehghan A. Genome-Wide Association Studies. Methods Mol
Biol. 2018;1793:37-49.

e9

Association between RA and periodontitis

16. Pierce BL, Ahsan H, Vanderweele TJ. Power and instrument
strength requirements for Mendelian randomization studies using
multiple genetic variants. Int J Epidemiol. 2011;40:740-52.

17. Burgess S, Butterworth A, Thompson SG. Mendelian randomiza-
tion analysis with multiple genetic variants using summarized data.
Genet Epidemiol. 2013;37:658-65.

18. Bowden J, Davey Smith G, Burgess S. Mendelian randomiza-
tion with invalid instruments: effect estimation and bias detection
through Egger regression. Int J Epidemiol. 2015;44:512-25.

19. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent Es-
timation in Mendelian Randomization with Some Invalid Instruments
Usinga Weighted Median Estimator. Genet Epidemiol. 2016;40:304-14.
20. Burgess S, Thompson SG. Interpreting findings from Mende-
lian randomization using the MR-Egger method. Eur J Epidemiol.
2017;32:377-89.

21. Nagayoshi M, Hishida A, Shimizu T, Kato Y, Kubo Y, Okada
R, et al. BMI and Cardiometabolic Traits in Japanese: A Mendelian
Randomization Study. J Epidemiol. 2024;34:51-62.

22. Liao Q, He J, Tian FF, Bi FF, Huang K. A causal relationship be-
tween leukocyte telomere length and multiple sclerosis: A Mendelian
randomization study. Front Immunol. 2022;13:922922.

23. Eriksson K, Nise L, Kats A, Luttropp E, Catrina Al, Askling J,
et al. Prevalence of Periodontitis in Patients with Established Rheu-
matoid Arthritis: A Swedish Population Based Case-Control Study.
PLoS One. 2016;11:¢0155956.

24. Arkema EV, Karlson EW, Costenbader KH. A prospective study
of periodontal disease and likelihood of rheumatoid arthritis. J Rheu-
matol. 2010;37:1800-4.

25. Demmer RT, Molitor JA, Jacobs DR Jr, Michalowicz BS. Peri-
odontal disease, tooth loss and incident rheumatoid arthritis: re-
sults from the First National Health and Nutrition Examination
Survey and its epidemiological follow-up study. J Clin Periodontol.
2011;38:998-1006.

26. Chen HH, Huang N, Chen YM, Chen TJ, Chou P, Lee YL, et al.
Association between a history of periodontitis and the risk of rheu-
matoid arthritis: a nationwide, population-based, case-control study.
Ann Rheum Dis. 2013;72:1206-11.

27. Ceccarelli F, Saccucci M, Di Carlo G, Lucchetti R, Pilloni A,
Pranno N, et al. Periodontitis and Rheumatoid Arthritis: The Same
Inflammatory Mediators? Mediators Inflamm. 2019;2019:6034546.
28. Kobayashi T, Kido JI, Ishihara Y, Omori K, Ito S, Matsuura T,
et al. The KCNQI gene polymorphism as a shared genetic risk for
rheumatoid arthritis and chronic periodontitis in Japanese adults: A
pilot case-control study. J Periodontol. 2018;89:315-24.

29. Kobayashi T, Yoshie H. Host Responses in the Link Between
Periodontitis and Rheumatoid Arthritis. Curr Oral Health Rep.
2015;2:1-8.

30. Harvey GP, Fitzsimmons TR, Dhamarpatni AA, Marchant C,
Haynes DR, Bartold PM. Expression of peptidylarginine deimi-
nase-2 and -4, citrullinated proteins and anti-citrullinated protein
antibodies in human gingiva. J Periodontal Res. 2013;48:252-61.

31. Larsson SC, Burgess S. Appraising the causal role of smoking in
multiple diseases: A systematic review and meta-analysis of Mende-
lian randomization studies. EBioMedicine. 2022;82:104154.

32. Yin KJ, Huang JX, Wang P, Yang XK, Tao SS, Li HM, et al.
No Genetic Causal Association Between Periodontitis and Arthritis:
A Bidirectional Two-Sample Mendelian Randomization Analysis.
Front Immunol. 2022;13:808832.



