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Abstract

Objectives—To investigate the role of the periodontal pathogen Porphyromonas gingivalis in 

rheumatoid arthritis (RA) etiology, we have analysed the antibody response to P. gingivalis 

virulence factor arginine gingipainB (RgpB) in relation to anti-citrullinated protein antibodies 

(ACPA), smoking and HLA-DRB1 shared epitope (SE) alleles, in patients with periodontitis (PD) 

and RA, and in controls.

Methods—Anti-RgpB IgG was measured by ELISA in 65 PD patients and 59 non-PD controls, 

and in 1,975 RA cases and 377 non-RA controls from the Swedish population-based case-control 

study EIRA (Epidemiological Investigation of RA). Autoantibody status, smoking habits and 

genetic data were retrieved from the EIRA database. Differences in antibody levels were examined 

using Mann-Whitney U test. Unconditional logistic regression was used to calculate odds ratios 
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(OR) with 95% confidence intervals (CI) for the association of anti-RgpB IgG with different RA 

subsets.

Results—Anti-RgpB antibody levels were significantly elevated in PD compared to non-PD; in 

RA compared to non-RA; and in ACPA-positive RA compared to ACPA-negative RA. There was 

a significant association between anti-RgpB IgG and RA (OR=2.96; 95% CI: 2.00–4.37), which 

was even stronger than the association between smoking and RA (OR=1.37; 95% CI: 1.07–1.74), 

and in ACPA-positive RA, there were interactions between anti-RgpB antibodies and both 

smoking and SE.

Conclusion—Our study suggests that the previously reported link between PD and RA could be 

accounted for by P. gingivalis infection, and we conclude that P. gingivalis is a credible candidate 

for triggering and/or driving autoimmunity and autoimmune disease in a subset of RA.

INTRODUCTION

There is accumulating evidence, from a large number of studies, for an association between 

chronic periodontitis (PD) and rheumatoid arthritis (RA) (1–12). This relationship may be 

non-causal, based on shared environmental (smoking) (13, 14) and genetic (HLA-DRB1 

shared epitope (SE) alleles) (15, 16) risk factors, giving rise to similar pro-inflammatory 

immune responses, driving bone erosion and tissue destruction in the periodontium and in 

the synovial joints (12, 17). However, a causal link, where PD triggers and/or drives RA, 

could also be possible, and was first proposed by Rosenstein et al (18). The fact that the 

autoimmune response in RA - in the form of autoantibodies targeting citrullinated proteins 

(ACPA) - often proceeds the clinical symptoms by several years (19) may suggest that RA 

arise outside the joints, potentially at mucosal sites, such as the lungs or gums.

Chronic periodontitis - the world’s most prevalent inflammatory disease, affecting 

approximately 30% of the adult population (20) - is initiated by a set of pathogenic bacteria, 

often Including Porphyromonas gingivalis (P. gingivalis), Tannarella forsythia and 

Treponema denticola (21). These bacteria are equipped with a wide range of virulence 

factors, which help to colonize and invade periodontal pockets and disturb the host immune 

system (22, 23). The most potent virulence factors are the gingipains (24) expressed 

specifically by P. gingivalis (25). Gingipains are extracellular proteases, which cleave 

substrates at lysine or arginine residues, “with the precision of a surgeon’s knife” or “with 

meat chopper-like brutal degradation” (26). Through these actions, P. gingivalis gingipains 

can break down collagen, interrupt the clotting cascade and degrade and modify 

immunoglobulins, complement and cytokines (22, 23). Importantly, the arginine gingipains 

(RgpA and RgpB) act in concert with another major virulence factor unique to P. gingivalis, 

a peptidylarginine deiminase enzyme denoted P.PAD (27).

Citrullination by P.PAD occurs mainly at C-terminal arginine, which requires the prior 

actions of arginine gingipains. P.PAD and Rgp co-localise on the bacterial outer membrane, 

and can also be secreted, hence are perfectly positioned to interact with host proteins (27, 

28). P.PAD, which can citrullinate both bacterial and human proteins, after degradation by 

Rgp (29), could therefore potentially contribute to the generation of de novo epitopes and the 

formation of autoantigens in RA. The etiological hypothesis suggests that the actions of 
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P.PAD lead to chronic exposure of citrullinated proteins in the inflamed periodontium, 

which triggers loss of immune tolerance and ACPA-production. Through molecular mimicry 

and/or epitope spreading, ACPA eventually (cross)-react with citrullinated epitopes in the 

joint and provoke chronic synovial inflammation in genetically susceptible individuals. P. 

gingivalis may thus represent a mechanistic link between PD and RA (18, 30, 31).

Some evidence in support of this hypothesis has emerged lately: citrullinated proteins are 

present in the inflamed periodontium (31–33) and ACPA, although at very low levels, have 

been detected in sera from patients with PD (33–35). Furthermore, we have previously 

shown that ACPA targeting human citrullinated α-enolase cross-react with P. gingivalis 

enolase, forming the basis of a molecular mimicry hypothesis (30), and several studies 

report on an association between the anti-P. gingivalis antibody response and ACPA-status 

in RA patients and in individuals at risk of developing RA (36–38). Finally, in a number of 

mouse models of arthritis, infection with P. gingivalis exacerbates arthritis (39–41).

However, there are also a number of studies that have not been able to demonstrate an 

association between PD and RA (42–44). These conflicting reports could result from 

differences in disease classification criteria for PD, missing data on confounding factors, or 

the selection of controls. Perhaps even more important though, the presence of cultivable P. 

gingivalis, the detection of bacterial DNA in subgingival plaque, or the presence of 

antibodies to P. gingivalis in serum, correlate with - but do not confirm - PD (4, 34, 45, 46). 

Periodontitis may be triggered by periodontal pathogens other than P. gingivalis, (33), and 

infection by P. gingivalis does not always cause PD (4, 34, 45, 46). Hence, considering the 

unique ability of P. gingivalis to citrullinate proteins, studies focusing on this specific 

bacteria rather than PD may give better clues to the potential causal link between oral 

infection and RA.

In the present study, we thus set out to investigate the role of P. gingivalis in RA etiology, 

making use of the large and well-characterized Swedish population-based Epidemiological 

Investigation of RA (EIRA) case-control cohort. Since elevated serum levels of antibodies 

against P. gingivalis has been described as a good surrogate marker for an invasive, virulent 

and immunogenic P. gingivalis infection, and since arginine gingipains are among the most 

potent and specific virulence factors of P. gingivalis (45, 47), we chose to analyse anti-RgpB 

IgG levels in serum from 1,974 RA cases and 377 controls, in order to determine whether an 

immune response to the bacteria associates with RA diagnosis, RA-related autoantibodies, 

genetic- and environmental risk factors.

PATIENTS AND METHODS

Study populations

We analyzed 1,974 RA cases (diagnosed by rheumatologists according to the 1987 

American College of Rheumatology criteria for RA) and 377 controls from the Swedish 

population-based case-control study EIRA (Epidemiological Investigation of RA) (14). All 

study subjects donated blood at inclusion (within one month of diagnosis for RA patients). 

Rheumatoid factor (RF) status was determined at participating clinics. EIRA controls were 

randomly selected from the population registry, to match EIRA cases on age-, gender- and 
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residential area. Smoking data was collected by questionnaire at baseline. Subjects were 

categorized as ever-smokers or never-smokers (14). HLA-DRB1 subtyping and genotyping 

of the protein tyrosine phosphatase gene (PTPN22 rs2476601) was described before (48, 

49). Sera from 65 periodontitis patients and 59 gender-matched periodontally healthy 

controls (all clinically verified) were collected at the Department of Dental Medicine, 

Karolinska Institutet, Stockholm, Sweden. Clinical criteria for periodontitis included: bone 

resorption with attachment loss ≥5mm, pocket probing depth ≥4mm, and bleeding on 

probing. Periodontally healthy controls showed no signs of periodontitis or any other 

periodontal disease (no gingival inflammation, clinical attachment level ≤3.5 mm, pocket 

probing depth ≤3.0 mm, and no bleeding on probing). Samples and data were collected with 

informed consent, in compliance with the Helsinki Declaration. The Regional Ethics Review 

Board in Stockholm, Sweden, approved the study.

ELISAs

All serum samples were analyzed by ELISA for presence of anti-RgpB IgG (the protocol, 

modified from Quirke et al, (28), is outlined in detail in the online supplement). The coating 

antigen, C-terminal hexahistidine-tagged RgpB protein, was purified from the growth 

medium of genetically modified P. gingivalis strain W83, by affinity chromatography on Ni-

Sepharose as previously described (50). Presence/absence of different autoantibodies was 

determined previously, and information retrieved from the EIRA database. In brief, anti-

CCP2 IgG was measured using the Immunoscan CCPlus® assay (Euro-Diagnostica AB, 

Malmö, Sweden), in accordance with the kit instructions; ACPA targeting citrullinated 

peptides from α-enolase (CEP-1; amino acid 5–21), vimentin (Cit-vim; amino acid 60–75), 

fibrinogen (Cit-fib; amino acid 36–52) and collagen type II (Cit-C1; amino acid 359–369) 

was assayed using in-house peptide ELISAs (51), and; antibodies against carbamylated 

fibrinogen was analyzed using an in-house protein ELISA (52).

Statistical analyses

Differences in anti-RgpB IgG levels were examined using Mann-Whitney U test for 

independent groups. The statistical dependence between anti-RgpB IgG levels and PD status 

was calculated using Spearman’s Rank Correlation Coefficient. Anti-RgpB antibody levels 

were categorized as positive (i.e. elevated) or negative according to the 95th percentile 

among the non-PD controls. To determine the association of elevated anti-RgpB IgG levels, 

smoking, HLA-DRB1 SE and PTPN22 with different RA subsets, odds ratios (OR) with 95% 

Confidence Intervals (95% CI) were calculated using unconditional logistic regression 

models, with unexposed cases and controls as reference group. Analyses were adjusted for 

age, gender and residential area. Further adjustment (smoking habits, alcohol consumption, 

body mass index) did not alter the results and were not retained in the final analyses. 

Interaction, defined as departure from additivity of effects (53), was evaluated between 

smoking (ever vs. never); HLA-DRB1 SE (carriers of any HLA-DRB1*01 (except *0103), 

*04 or *10 allele vs. non-carriers); PTPN22 polymorphism (carriers of any PTPN22 

rs2476601_A alleles vs. non-carriers) and elevated anti-RgpB IgG levels. The attributable 

proportion due to interaction (AP) with 95% CI was calculated as previously described (54). 

All analyses were performed using SAS version 9.3.
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RESULTS

The anti-RgpB IgG response in PD

Since antibodies to P. gingivalis are known to be elevated in PD patients (34, 46, 55), we 

first analyzed the anti-RgpB IgG response in a set of serum samples from 65 patients 

diagnosed with chronic periodontitis and 59 periodontally healthy individuals, in order to set 

a cut-off value for antibody positivity. Significantly higher anti-RgpB IgG levels (p<0.0001) 

were detected in the PD subset (median: 260 AU/ml; 75th percentile: 696 AU/ml; 25th 

percentile: 75 AU/ml) compared to the periodontally healthy subset (median: 89 AU/ml; 

75th percentile: 153 AU/ml; 25th percentile: 51 AU/ml) (figure 1A). However, 

approximately one third of PD patients showed rather low anti-RgpB antibody levels, while 

a smaller number of periodontally healthy individuals showed elevated antibody levels. 

These observations were reflected by a weak, though significant, correlation between anti-

RgpB IgG levels and periodontitis (r=0.37; p<0.0001), and confirm previous data - that anti-

P. gingivalis antibodies should not be used as a serological marker for PD (4, 34, 45, 46). 

Still, a cut-off value for elevated anti-RgpB antibody levels was set using the 95th percentile 

among the controls.

The anti-RgpB IgG response in RA

We next screened 1,974 RA cases and 377 non-RA controls from the EIRA study for the 

presence of elevated anti-RgpB antibody levels. The RA subset demonstrated significantly 

higher anti-RgpB IgG levels compared to the control subset (median: 226 AU/ml; 75th 

percentile: 429 AU/ml; 25th percentile: 107 AU/ml in RA, and median: 100 AU/ml; 75th 

percentile: 217 AU/ml; 25th percentile: 42 AU/ml in controls, p<0.0001) (figure 1B). Using 

the cut-off described above, 23% of RA patients and 9.4% of the non-RA controls showed 

elevated anti-RgpB antibody levels. Further logistic regression analysis revealed a highly 

significant odds ratio (OR) of 2.96 (95% CI: 2.00–4.37) for the association between elevated 

anti-RgpB IgG levels and RA (table 1). This association was even stronger than the well-

established association between smoking and RA, which in EIRA demonstrated an odds 

ratio of 1.37 (95% CI: 1.07–1.74) (table 2).

The anti-RgpB IgG response in relation to RA-associated autoantibodies

To investigate whether the antibody response to P. gingivalis RgpB was specifically linked 

to the ACPA-response, we divided RA patients into ACPA-positive and ACPA-negative 

subsets. The ACPA-status was determined based on CCP2-reactivity as well as reactivity 

with specific citrullinated epitopes on α-enolase (CEP-1), vimentin (Cit-vim60-75), 

fibrinogen (Cit-fib36-52) and collagen type II (Cit-C1). This broader type of ACPA analysis 

captured more ACPA positive patients (70%), than if only the standard CCP2 ELISA assay 

had been used (63%).

Subdividing RA based on ACPA-status revealed significantly higher anti-RgpB IgG levels 

(p<0.003) in the ACPA-positive subset (median: 231 AU/ml; 75th percentile: 514 AU/ml; 

25th percentile: 108 AU/ml), compared to the ACPA-negative subset (median: 166 AU/ml; 

75th percentile: 348; 25th percentile: 79) (figure 1C). This was also reflected by a 

significantly stronger association of elevated anti-RgpB IgG levels with ACPA-positive RA 
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than with ACPA-negative RA, with odds ratios of 3.24 (95% CI: 2.18–4.81) and 2.35 (95% 

CI: 1.51–3.65), respectively (3.24 vs. 2.35, p=0.017) (table 1). Since presence of ACPA has 

previously been reported in non-RA PD subjects (32–34), we also screened the PD patients 

and the non-PD controls in our study for presence of ACPA, although no ACPA response 

could be detected in any of these non-RA individuals (data not shown).

To further investigate the association between the ACPA-response and the anti-RgpB 

antibody response in RA, we next examined the fine-specificity of the ACPA-response in 

more detail. Anti-RgpB IgG was analyzed in different subsets of RA, defined by the 

presence/absence of anti-CEP-1, anti-Cit-vim65-70, anti-Cit-fib36-52 or anti-Cit-C1 

antibodies. These analyses were performed in relation to the CCP2 status, which was used as 

a surrogate marker for the overall ACPA-response. None of the investigated ACPA fine-

specificities revealed any significant association with anti-RgpB IgG, beyond the effect of 

the overall ACPA-response (as measured using the CCP2 test). Similar analyses, based on 

rheumatoid factor (RF) status, or presence/absence of antibodies to carbamylated fibrinogen, 

showed no differences between subsets (supplementary table 1).

The anti-RgpB IgG response in relation to cigarette smoking

Since PD patients showed elevated anti-RgpB antibody levels (figure 1A), and since 

smoking is a well-established risk factor for PD (13), we first examined the relationship 

between smoking status and anti-RgpB IgG exposure in EIRA. Potentially, the positive 

association between anti-RgpB IgG and ACPA-positive RA (figure 1C and table 1) could 

result from smoking as a confounding factor. However, we could not identify any 

association between smoking and elevated anti-RgpB IgG levels in EIRA RA cases. Among 

EIRA controls, we could even observe an inverse association (supplementary table 2). 

Instead, smoking and elevated anti-RgpB IgG levels were independently associated with 

ACPA-positive RA, with odds ratios of 1.36 (95% CI: 1.01–1.83) and 2.40 (95% CI: 1.29–

4.46), respectively. Moreover, a significant additive interaction was observed between the 

two factors, with an odds ratio of 5.35 (95% CI: 3.07–9.33), and a significant attributable 

proportion (AP) due to the interaction of 0.48 (95% CI: 0.12–0.85). In ACPA-negative RA 

on the other hand, neither smoking nor elevated anti-RgpB IgG levels showed any 

independent associations, and there was no interaction (table 3).

The anti-RgpB IgG response in relation to RA risk genes

We also investigated the association between elevated anti-RgpB IgG levels and HLA-DRB1 

SE alleles and PTPN22 polymorphism. None of these genetic risk factors associated with 

elevated anti-RgpB IgG levels (supplementary table 2). Instead, HLA-DRB1 SE and anti-

RgpB antibodies showed independent associations with ACPA-positive RA (ORs = 5.66 

(95% CI: 4.22–7.59) and 4.11 (95% CI: 2.3–7.35), respectively), and to a minor extent also 

with ACPA-negative RA (ORs = 1.56 (95% CI: 1.14–2.13) and 2.77 (95% CI: 1.52–5.03), 

respectively). In ACPA-positive RA, there was more than an additive effect among double 

exposed cases (OR = 16.62; 95% CI: 9.26–29.83), and a significant interaction (AP = 0.47; 

95% CI: 0.15–0.79), not present in ACPA-negative RA (table 4). No interaction could be 

observed between anti-RgpB IgG exposure and PTPN22 polymorphism, but the number of 
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double exposed subjects was small among controls, which hampers the interpretation (table 

5).

DISCUSSION

Here we present data in support of a role for the oral pathogen P. gingivalis in the etiology 

of RA. To our knowledge, this is the largest epidemiological investigation of an immune 

response to P. gingivalis in patients with RA, and to our knowledge this is the strongest 

association described to date. The association between RA and elevated anti-RgpB antibody 

levels was stronger than the association between RA and the well-established risk factor 

smoking. Notably, the association with anti-RgpB IgG was independent of smoking, and in 

EIRA controls, we could even observe an inverse association, in line with previous reports 

demonstrating lower anti-P. gingivalis antibody levels in smokers compared to non-smokers 

(34, 55).

Smoking is a well-known risk factor for PD (13), but importantly, we did not investigate PD 

in the present study. We investigated the antibody response to a P. gingivalis-specific 

antigen. While antibodies to P. gingivalis clearly associate with PD, as shown by us (figure 

1A) and by others (34, 46, 55), these antibodies should not be used as surrogate markers for 

diagnosing PD. P. gingivalis does not have to be present for PD to develop (34) and many 

individuals carry P. gingivalis without any symptoms of PD (46).

Our data, demonstrating a heightened antibody response to a P. gingivalis-specific antigen 

in RA compared to controls, is in agreement with a number of previous reports (36–38). 

However more recently, Mikuls and colleagues were unable to detect any differences in 

anti-P. gingivalis antibody concentrations between RA and controls (2), and in a separate 

study, the frequency of anti-P. gingivalis antibodies was actually found to be non-

significantly lower in patients with RA compared to controls (6). These conflicting reports 

may result from using different P. gingivalis-derived antigens when analyzing the anti-P. 

gingivalis antibody response. We choose RgpB because it is one of the most potent 

virulence factors described for P. gingivalis (24). Accordingly, we anticipate that a strong 

anti-RgpB IgG response will reflect infection, current or historical, with a pathogenic, 

virulent, invasive and immunogenic strain of the bacteria (23, 45), likely to promote 

increased protein citrullination in vivo, in line with the etiological hypothesis (18, 30, 31). 

Moreover, by using purified hexahistidine-tagged P. gingivalis-specific RgpB protein as 

coating antigen in our ELISA assay, rather than whole bacterial lysates or the outer 

membrane, as used by others (4, 36–38), we also avoid citrullinated epitopes, and thereby 

the potential false positive result due to cross-reactive ACPA. The discrepant results 

between the different studies may also be explained by differences between RA cohorts. 

Factors such as disease duration, treatment, smoking history, ethnicity, age and gender of the 

study population may all affect the outcome. Moreover, bacterial strain diversity may 

influence the data. Different clonal types of P. gingivalis with differences in expression of 

virulence factors exist (56, 57), perhaps with variations in P. PAD activity. Additionally, 

geographical differences in the profiles of periodontal microbiota have been reported (58).
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Interestingly, we could observe interactions between elevated anti-RgpB IgG levels and both 

smoking and HLA-DRB1 SE, only in ACPA-positive RA. These data supports the 

hypothesis of P. gingivalis as an etiological agent in the development of ACPA-positive RA, 

where smoking and HLA-DRB1 SE alleles already constitute well-established risk factors. 

However, anti-RgpB IgG exposure itself associated with both ACPA-positive and ACPA-

negative disease (although to a significantly lesser extent with ACPA-negative disease). 

This observation could be due to the presence of other ACPA fine-specificities (not 

investigated here) in the subset that we have defined as ACPA-negative RA. We have 

previously shown that the CCP2 assay does not capture all ACPA fine-specificities (51), and 

even though we expanded our current analyses to also include antibodies targeting CEP-1, 

Cit-vim65-70, Cit-fib36-52 and Cit-C1, we have by no means covered all possible ACPA fine-

specificities. Alternatively, P. gingivalis may be triggering/driving RA through other 

mechanisms than solely via P. PAD and ACPA production. For example, P. gingivalis may 

trigger/drive RA by inducing IL-1 and IL-6 production, giving rise to a pathogenic Th17 

response, as suggested from animal studies (39, 41).

Additionally, we cannot rule out the possibility that the enhanced antibody response to P. 

gingivalis arginine gingipain B is a consequence, rather than a cause, of RA. Although, we 

would argue against this, since the patients in EIRA comprise only newly diagnosed RA 

cases, enrolled within one month of diagnosis, and with symptoms for less than one year. 

Moreover, in studies of individuals at increased risk of developing RA, but with no apparent 

symptoms, significant associations between the anti-P. gingivalis antibody response and the 

presence of RA-related autoantibodies have been reported (36, 59), supporting a causative 

link between P. gingivalis infection and the development of RA. However, in conflict with 

this hypothesis, is the recent study of arthralgia patients by de Smit and colleagues, which 

concluded that elevated anti-P. gingivalis antibody levels could not predict RA development 

within 12 months (60). Notably, though, that study also failed to confirm known 

associations between CRP, age, gender and smoking with future development of RA, hence 

de Smit’s data needs to be reproduced.

In summary, we can demonstrate an epidemiological association between elevated anti-P. 

gingivalis arginine gingipain B antibody levels and RA diagnosis, that is even stronger than 

the well-known association between smoking and RA. Our study also reveals statistically 

significant interactions, which can be interpreted as biological interactions (53), between 

elevated anti-RgpB IgG levels and smoking, as well as HLA-DRB1 SE, in ACPA-positive 

RA. Hence, based on the data presented herein, we conclude that the oral pathogen 

Porphyromonas gingivalis remains a credible candidate for triggering and/or driving 

autoimmunity and autoimmune disease in a subset of RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Anti-RgpB IgG levels varied between patient and control populations. Significantly higher 

anti-RgpB IgG levels were detected in PD patients (n=65) compared to non-PD controls 

(n=59) (A); in RA (n=1,974) compared to non-RA controls (n=377) (B); and in ACPA-

positive RA (n=1,381) compared to ACPA-negative RA (n=593) (C). The dashed line in A 

indicates the cut-off value (450AU/ml) for elevated anti-RgpB antibody levels, based on the 

95th percentile among the non-PD controls. The red solid lines indicate median values. 

ACPA = anti-citrullinated peptide/protein antibodies; AU = arbitrary units; IgG = 
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immunoglobulin G; PD = periodontitis; RA = rheumatoid arthritis; RgpB = arginine 

gingipain B.
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Table 1

Association between elevated anti-RgpB IgG levels and RA in in subgroups of patients, divided based on the 

presence/absence of ACPA

Subgroups
Anti-RgpB IgG

OR* 95% CI
Negative (%) Positive (%)

Controls 341 (90.45) 36 (9.55) 1.0 ref.

All RA 1518 (76.90) 456 (23.10) 2.96 2.00–4.37

ACPA-positive RA 1041 (75.38) 340 (24.62) 3.24 2.18–4.81

ACPA-negative RA 477 (80.44) 116 (19.56) 2.35 1.51–3.65

*
Odds ratios (OR) were adjusted for age, gender and residential area.

Significant ORs are shown in bold. ACPA = anti-citrullinated peptide/protein antibodies; CI = confidence interval; IgG = immunoglobulin G; RA = 
rheumatoid arthritis; RgpB = arginine gingipains B
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Table 2

Association between smoking and RA in subgroups of patients, divided based on the presence/absence of 

ACPA

Groups
Smoking

OR* 95% CI
Never (%) Ever (%)

Controls 137 (36.63) 237 (63.37) 1.0 ref.

All RA 603 (30.61) 1367 (69.39) 1.37 1.07–1.74

ACPA-positive RA 331 (26.91) 899 (73.09) 1.67 1.29–2.17

ACPA-negative RA 270 (37.60) 448 (62.40) 1.00 0.75–1.32

*
Odds ratios (OR) were adjusted for age, gender and residential area.

Significant ORs are shown in bold. ACPA= anti-citrullinated peptide/protein antibodies; CI= confidence interval; RA= rheumatoid arthritis
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Table 3

Additive Interaction between smoking and elevated anti-RgpB IgG levels in subgroups of RA, divided based 

on the presence/absence of ACPA

Factors Cases (%) Controls (%) OR* (95% CI)

Smoking Anti-RgpB IgG

ACPA-positive RA

− − 289 (70.83) 119 (29.17) 1.0 ref.

+ − 751 (77.42) 219 (22.58) 1.36 (1.01–1.83)

− + 99 (84.62) 18 (15.38) 2.40 (1.29–4.46)

+ + 241 (93.05) 18 (6.95) 5.35 (3.07–9.33)

AP 0.48 (0.12–0.85)

ACPA-negative RA

+ − 299 (57.72) 219 (42.28) 1.0 ref.

− − 176 (59.66) 119 (40.34) 1.09 (0.78–1.52)

− + 39 (68.42) 18 (31.58) 1.67 (0.86–3.24)

+ + 76 (80.85) 18 (19.15) 3.01 (1.69–5.35)

AP 0.42 (−0.07–0.91)

*
Odds ratios (OR) were adjusted for age, gender and residential area.

Significant ORs and AP values are shown in bold. ACPA = anti-citrullinated peptide/protein antibodies; AP = attributable proportion due to 
additive interaction; IC = confidence interval; IgG = immunoglobulin G; RA = rheumatoid arthritis; RgpB = arginine gingipain B
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Table 4

Additive Interaction between HLA DRB1 SE allele and elevated anti-RgpB IgG levels in subgroups of RA, 

divided based on the presence/absence of ACPA

Factors
Cases (%) Controls (%) OR* (95%CI)

Any SE Anti-RgpB IgG

ACPA-positive RA

− − 185 (51.53) 174 (48.47) 1.0 ref.

+ − 841 (85.12) 147 (14.88) 5.66 (4.22–7.59)

− + 74 (79.57) 19 (20.43) 4.11 (2.30–7.35)

+ + 262 (94.93) 14 (5.07) 16.62 (9.26–29.83)

AP 0.47 (0.15–0.79)

ACPA-negative RA

− − 209 (54.57) 174 (45.43) 1.0 ref.

+ − 263 (64.15) 147 (35.85) 1.56 (1.14–2.13)

− + 60 (75.95) 19 (24.05) 2.77 (1.52–5.03)

+ + 56 (80.00) 14 (20.00) 3.10 (1.62–5.92)

AP −0.07 (−0.89–0.75)

*
Odds ratios were adjusted for age, gender and residential area.

Significant ORs and AP values are shown in bold. ACPA = anti-citrullinated peptide/protein antibodies; AP = attributable proportion due to 
additive interaction; IC = confidence interval; IgG = immunoglobulin G; RA = rheumatoid arthritis; RgpB = arginine gingipain B; SE: shared 
epitope
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Table 5

Additive Interaction between PTPN22 polymorphism and elevated anti-RgpB IgG levels in subgroups of RA, 

divided based on the presence/absence of ACPA

Factors
Cases (%) Controls (%) OR* (95%CI)

PTPN22 Anti-RgpB IgG

ACPA-positive RA

− − 704 (73.95) 248 (26.05) 1.0 ref.

+ − 311 (79.54) 80 (20.46) 1.38 (1.01–1.90)

− + 231 (88.51) 30 (11.49) 2.98 (1.92–4.64)

+ + 103 (95.37) 5 (4.63) 6.08 (2.42–15.23)

AP 0.47 (−0.10–0.99)

ACPA-negative RA

− − 334 (57.39) 248 (42.61) 1.0 ref.

+ − 133 (62.44) 80 (37.56) 1.27 (0.89–1.83)

− + 89 (74.79) 30 (25.21) 2.22 (1.36–3.62)

+ + 27 (84.38) 5 (15.63) 4.00 (1.46–10.91)

AP 0.38 (−0.29–1.05)

*
Odds ratios (OR) were adjusted for age, gender and residential area.

Significant ORs and AP values are shown in bold. ACPA = anti-citrullinated peptide/protein antibodies; AP = attributable proportion due to 
additive interaction; IC = confidence interval; IgG = immunoglobulin G; RA = rheumatoid arthritis; RgpB = arginine gingipain B; PTPN22: protein 
tyrosine phosphatase non-receptor type 22
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