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Abstract

Objective—Both periodontal disease and cardiovascular disease (CVD) are over-represented in
rheumatoid arthritis (RA). However, the contribution of periodontal pathogens to CVD in RA is
unknown.

Methods—RA patients underwent assessments of coronary artery calcification (CAC), carotid
intima media thickness and plaque, and ankle-brachial index via computed tomography,
ultrasound, and Doppler ultrasound, respectively. Sera were assayed for antibodies targeting
Porphyromonas gingivalis (anti-Pg), Aggregatibacter actinomycetemcomitans serotype b (anti-
Aa), and Aa leukotoxin A (anti-LtxA). Associations of antibodies against these periodontal
pathogens with measures of atherosclerosis were explored using generalized linear models.

Results—Among 197 RA patients, anti-Pgwas detected in 72 (37%), anti-Aain 41 (21%), and
anti-LtxA in 84 (43%). Adjusting for relevant confounders and reported tooth loss, the mean CAC
score was 90% higher in those with anti-Aa and/or anti-LtxA vs. those without either antibody [19
vs. 10 units, respectively (p=0.033)]. The adjusted odds of CAC=100 units was 2.23-fold higher
for those with anti-Aa and/or anti-LtxA vs. those without either antibody (p=0.040). Anti-Aa
and/or anti-LtxA seropositivity was associated significantly with all other assessed measures of
atherosclerosis except carotid plaque. Anti-Pg was not associated with any measure of
atherosclerosis. Higher swollen joint count was associated with CAC exclusively in the group with
anti-Aa and/or anti-LtxA.

Conclusions—Immunoreactivity against Aaand/or its major virulence factor LtxA was
associated with atherosclerosis in multiple vascular beds of RA patients, and amplified the effect
of swollen joints on coronary atherosclerosis, suggesting a role for treatment/prevention of
periodontal disease in the prevention of CVD in RA.
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INTRODUCTION

The burden of atherosclerotic cardiovascular disease (CVD) is greater in individuals with
rheumatoid arthritis (RA) compared with those without RA.(1) In addition to traditional
CVD risk factors, a number of RA-associated factors, including seropositivity, RA duration,
and measures of articular and systemic inflammation have been associated with
atherosclerotic burden.(2—4) However, these factors do not account for all of the excess,
suggesting that other mechanisms may contribute.

Periodontal disease, and the bacterial pathogens that cause periodontitis, are potential
contributors to atherosclerotic CVD in RA. Periodontal disease is associated with both
RA(5) and atherosclerosis(6), and links between the two have been proposed. In particular,
pathogenic microbiota in the subgingival biofilm in periodontitis have been associated with
systemic inflammation and immunoactivation.(7) One such bacterial pathogen,
Porphyromonas gingivalis (Pg), expresses numerous virulence factors that modulate host
immune defenses, leading to overgrowth of oral commensal bacteria leading to
inflammatory destruction of periodontal tissue.(8) Gingival ulceration enables translocation
of Pg into systemic circulation, which invade endothelial cells leading to dysfunction.
Moreover, locally produced pro-inflammatory cytokines and bacterial products (e.g. Pg
lipopolysaccharide, LPS) can circulate and induce an acute-phase response.(8, 9) A second
periodontitis-associated pathogen, Aggregatibacter actinomycetemcomitans (Aad), produces a
highly virulent exotoxin with leukotoxic potential (Leukotoxin A; LtxA). Binding of LtxA
to lymphocytes, neutrophils, and macrophages causes pyroptosis and activation of the
inflammasome, releasing inflammatory cytokines and inducing secondary
immunoactivation.(10) Aa-derived LtxA is also a potent inducer of leukotoxic
hypercitrullination (LTH) in neutrophils which is not caused by other periodontal pathogens.
(11, 12) Moreover, RA sera contain autoantibodies directed against citrullinated
autoantigens generated during LtxA-induced LTH.(11)

Both pathogens have been implicated in atherogenesis. Microbial nucleic acids from both
have been isolated from atheroma samples.(13) Aa-associated LtxA induces the upregulation
of vascular adhesion molecules on endothelial cells(14) and atherosclerosis prone mice
infected with Aa demonstrated upregulation of vascular adhesion molecules, higher
expression of inflammatory cytokines and chemokines in the wall of the aorta and higher
atherosclerotic plague burden compared with non-infected mice.(15) Multiple observational
studies have linked periodontal disease, and its associated pathogens, independently with
measures of subclinical atherosclerosis and CVD events,(16) although causality remains
questioned.

Considering these potential associations, we measured immunoreactivity to Pg, Aa serotype
b, and Aa-associated LtxA and explored their associations with measures of atherosclerosis
in the coronary, carotid, and peripheral arterial circulation of RA patients. We hypothesized
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that RA patients with immunoreactivity against periodontal pathogens would demonstrate a
greater burden of atherosclerosis in multiple vascular beds compared with those without
such immunoreactivity.

METHODS

Participants were enrolled in ESCAPE RA (Evaluation of Subclinical Cardiovascular disease
And Predictors of Events in Rheumatoid Arthritis), a prospective cohort study investigating
subclinical CVD in RA described in detail previously.(17, 18) Participants met 1987 RA
classification criteria(19) and were 45-84 years of age without known prior CVD events.
Enrollment occurred between 2004 and 2006. Written consent was signed prior to
participating. The study was approved by the Institutional Review Boards (IRB) of the Johns
Hopkins Medical Center and Columbia University Medical Center. Patient input was not
directly involved in the design or conduct of the study.

Imaging of Subclinical Atherosclerosis

CAC was measured using multidetector row computed tomography (MDCT), as described
previously,(17) using the method described by Agatston.(20) Scoring was blinded to group
allocation and clinical characteristics. Carotid imaging was performed as previously
described(18) and involved measures in the common carotid artery (CCA), internal carotid
artery (ICA) and the carotid bulb. Carotid plaques were localized to the ICA and bulb and
were defined as maximal focal protrusion into the lumen with reduction in the lumen
diameter>25%. Baseline and follow-up scans were re-analyzed concurrently by a single
reader aware of the temporal ordering but unaware of clinical characteristics. The ankle
brachial index (ABI) was calculated as the ratio of the highest Doppler ultrasound-detected
blood pressure of either the dorsalis pedis or posterior tibial arteries divided by the highest
arm blood pressure, as previously described.(21)

Sociodemographic Characteristics and CVD Risk Factors

Demographics and smoking history were assessed by self-report. Current use and dosage of
medications were ascertained from prescription bottles. Body mass index (BMI) was
calculated as body weight (kg) divided by height (meters?). Patients self-reported the current
number of missing teeth.

Insulin resistance was assessed using the HOMA-IR index from the HOMA2 model.(22)
Hypertension was defined as systolic BP=140 mmHg, diastolic BP=90, or antihypertensive
medication use. Diabetes was defined as a fasting serum glucose=126 mg/dL or use of anti-
diabetic medications.

RA Disease Characteristics

Forty-four joints were examined by a single trained assessor. RA disease duration was
assessed from the self-reported date of diagnosis. RA disease activity was calculated using
the Disease Activity Score for 28 joints with CRP (DAS28-CRP).(23) Current and past use
of glucocorticoids and DMARDs was queried by detailed examiner-administered
questionnaires. The Stanford Health Assessment Questionnaire (HAQ)(24) was used to
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assess disability related to common activities. Single view, anterior-posterior radiographs of
the hands and feet were scored using the Sharp-van der Heijde (SHS) method(25) by a
single trained radiologist.

Laboratory Assessments

IgG antibodies to Aa strain HK1651 (serotype b), Pg strain W83, and purified LtxA were
previously determined in serum by ELISA. Anti-LtxA antibody positivity was also
confirmed by immunoprecipitation. (11) High sensitivity C-reactive protein (CRP) and I1L-6
were measured as previously described.(26) Plasma lipids and glucose were measured by
standard assays; LDL-cholesterol was estimated using the Friedewald equation. Rheumatoid
factor (RF) was assessed by ELISA, with seropositivity=40 units. Anti-CCP antibody was
assessed by ELISA, with seropositivity=60 units. HLA alleles bearing the “shared epitope”
were investigated by DRB1 sequencing as previously described.(18)

Statistical Analysis

Exposure to leukotoxic Aa strains was defined as having either anti-Aga or anti-LtxA
antibodies. Exposure to leukotoxic Aa strains other than serotype b strains was captured in
those who were seropositive for anti-LtxA but seronegative for Anti-Aa HK1651 (ATCC
700685). Variables were examined according to the presence/absence of immunoreactivity
to anti-Aa and/or anti-LtxA and anti- Pg using t-tests for normally distributed continuous
variables, the Kruskal-Wallis test for non-normally distributed variables, and the chi-square
goodness-of-fit test or Fisher’s exact test, as appropriate, for categorical variables. The
association of anti-Aa and/or anti-LtxA seropositivity with CAC, normally transformed as
natural log (CAC+1), was explored using multivariable linear regression, first in a crude
model with anti-Aa and/or anti-LtxA positivity as the only covariate. Next, variables
associated with CAC at the p<0.20 level from univariate models were modeled. A reduced
model was derived by excluding non-contributory covariates using Akaike’s Information
Criterion for nested models. An additional sensitivity analysis included the number of
reported missing teeth in order to ensure that observed associations of anti-Aa and/or anti-
LtxA and CAC from prior models were not confounded by the presence of oral diseases,
including periodontal disease and other causes of tooth loss. The normality assumption
required for linear regression was tested using the Shapiro-Wilk test on the studentized
residuals. Similar modeling was used for the other atherosclerosis outcomes, except for
logistic regression for CAC >0 units, CAC >100 units, and carotid plaque presence. CCA-
IMT and ICA-IMT also required log transformation. The same models were repeated with
anti-Pg as the covariate of interest. From all models, adjusted means and frequencies, and
their associated 95% confidence intervals, were derived and graphed according to
immunoreactivity to periodontal pathogens, with back transformation as appropriate. Next,
we explored whether anti-Aa and/or anti-LtxA status modified the associations of other
covariates with atherosclerosis outcomes by introducing anti-Aa and/or anti-LtxA x
covariate interaction terms into the models, with p-values for interaction terms derived using
analysis of covariance (ANCOVA). STATA SE 16 (StataCorp, College Station, TX) was
used. A two-tailed a.=0.05 was used throughout.
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Among the 197 RA patients tested, anti-Aa serotype b was detected in 41 (21%) while anti-
LtxA was detected in 84 (43%). Only eight patients with anti-Aa were seronegative for anti-
LtxA. Anti-Pg was detected in 72 patients (37%). Baseline characteristics according to anti-
Aaand/or anti-LtxA are summarized in Table 1. Those with anti-Ag and/or anti-LtxA were
an average of 3 years older than those without anti-Aa and/or anti-LtxA and were
significantly less likely to be White race. Those with anti-Aa and/or anti-LtxA did not differ
significantly on other lifestyle characteristics, CVD risk factors, or RA disease features with
the exception of a significantly higher prevalence of RF seropositivity. Those with anti-Aa
and/or anti-LtxA were significantly more likely to be anti-Pg seropositive and have more
reported tooth loss.

Atherosclerosis was Associated with Antibodies to Aa and LtxA but not against Pg in RA

The univariate associations of Aa-directed, anti-LtxA-directed and Pg-directed serologic
status with measures of coronary, carotid, and peripheral arterial atherosclerosis are
summarized in Table 2. The median CAC score was 30 units higher among those with anti-
Aaand/or anti-LtxA compared with those without these antibodies (p=0.046). Likewise, the
prevalence of any CAC or having a CAC =100 units was higher among those with anti-Aa
and/or anti-LtxA. Similarly, both median CCA and ICA-IMT, but not the frequency of
carotid plague, was significantly higher for those with anti-Aa and/or anti-LtxA. For the
peripheral arteries, median ABI was significantly lower among RA patients with anti-Aa
and/or anti-LtxA. In contrast, anti-Pg was not significantly associated with any measure of
atherosclerosis.

Atherosclerosis was Associated with Anti-Aa and Anti-LtxA Antibodies After Adjustment
for Potential Confounders

Seropositivity for anti-Aa and/or anti-LtxA remained significantly associated with CAC in
models adjusted for all of the characteristics associated with CAC in univariate models
(Table 3, Model 2) and in a reduced model (Table 3, Model 3). Here, the magnitude of the
independent association of anti-Aa/or anti-LtxA seropositivity with CAC was equivalent to
about a five years increment in age or having ever smoked. In this model, longer RA
duration and higher swollen joint counts were both significantly associated with CAC. After
adjustment for age, sex, ever smoking, BMI, triglyceride level, statin use, RA duration, and
swollen joint count, the adjusted mean CAC score was 90% higher in the group with vs.
without anti-Aa and/or anti-LtxA [19 vs. 10 units, respectively (p=0.033); Figure 1A].
Adjusting for these same covariates, anti-Aa and/or anti-LtxA seropositivity was
significantly associated with CAC>0 units (Figure 1B), CAC =100 units (Figure 1C), CCA-
IMT (Figure 2A), and ABI (Figure 2C). The association of anti-Aa and/or anti-LtxA with
ICA-IMT was higher, but not quite statistically significant, after adjustment (Figure 2B).
Reported tooth loss was not associated with CAC and did not modify the association of anti-
Aaand/or anti-LtxA with CAC when co-modeled (Table 3, Model 4).
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The Association of Swollen Joints with Coronary Atherosclerosis was Restricted to RA
Patients Positive for Antibodies to Aa and/or LtxA.

We next studied whether seropositivity for anti-Aa and/or anti-LtxA modified the
associations of any of the other characteristics associated with atherosclerosis (summarized
in the Supplemental Table). Among the characteristics associated with measures with
atherosclerosis, only the association of swollen joint count with CAC differed according to
anti-Aa and/or anti-LtxA status, such that higher swollen joint count was strongly associated
with higher CAC score (Figure 3A) and a higher frequency of CAC =100 units (Figure 3B)
among those seropositive for anti-Aa and/or anti-LtxA. The association was not linear, as the
inflection of the association of swollen joints with CAC occurred at around 7 or 8 swollen
joints (Figure 3). In contrast, a higher number of swollen joints was not associated with CAC
among those without anti-Aa or anti-LtxA. A significant interaction was also observed when
DAS28 was modeled instead of swollen joint count; however, substitution of tender joint
count or CRP did not show an interaction with anti-Aa and/or anti-LtxA status (data not
shown), suggesting that the association of DAS28 with measures of CAC among those with
anti-Aaand/or anti-LtxA was due to swollen joint count and not the other components of the
DAS28 score. This modification was only observed for CAC and not for measures of carotid
or peripheral arterial atherosclerosis (data not shown). The associations of anti-Aa and/or
anti-LtxA with the atherosclerosis outcomes did not differ according to ACPA or shared
epitope status (data not shown).

DISCUSSION

To our knowledge, ours is the first report linking immunoreactivity to common periodontal
pathogens with atherosclerosis burden in RA. RA patients with serological evidence of Aa
exposure by either anti-Aa or its leukotoxin (LtxA) had significantly higher levels of CAC, a
surrogate for coronary atherosclerosis, thicker carotid IMT, a surrogate for carotid
atherosclerosis, and lower ABI, a surrogate for peripheral arterial atherosclerosis, even after
adjusting for relevant confounders. Importantly, seropositivity for anti-Pg was not associated
with any measure of atherosclerosis. Interestingly, an association of higher swollen joint
count with CAC was only observed in the subgroup seropositive for anti-Aa and/or anti-
LtxA.

Multiple studies have established a link between periodontal disease and RA. In a recent
meta-analysis,(5) periodontitis was 13% higher in RA patients than non-RA controls. Both
anti-Aa and anti-Pg were more prevalent in RA compared with controls in some studies(11,
27, 28) with some, but not all, demonstrating correlations with ACPA and disease activity.
(27) Anti-Pg levels were higher among RA patients at-risk of developing RA compared with
those not at risk,(29) and levels correlated with RA-associated antibodies. In a smaller study
that included periodontal sampling, the abundance of Pgat both healthy and inflamed
periodontal sites was significantly higher among ACPA positive individuals at risk for
developing RA compared with healthy controls.(30) However, Aa abundance was not
significantly higher, although differences may have been affected by the small sample size of
the study (n=48 at-risk and n=32 controls), ethnicity,(31) and restriction of Aato non-
periodontal oral reservoirs.(31) Taken together, these studies provide some argument for an
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increased prevalence of periodontitis and periodontitis-associated pathogens in RA and
circumstantial links to disease risk and severity.

Periodontitis has been linked to atherosclerosis in the general population.(16) CVD events
were higher among those with periodontitis(32), and carotid atherosclerosis was linked to
severe periodontitis.(33) DNA from periodontal pathogens, including Aaand Pg, was
isolated from atheroma in several,(13) but not all,(34) studies, particularly among those with
chronic advanced periodontitis. Across several studies of atherosclerosis-prone mice,(15)
intravenous inoculation with Aa was associated with endothelial invasion and activation,
LDL oxidation, toll-like receptor activation, upregulation of inflammatory cytokines and
chemokines, and promotion of macrophage foam cell formation. In one study, Pgwas
associated with promotion of plaque rupture through upregulation of metalloproteinases.(35)
Calhoun et al reported that high levels of circulating anti-Aa and anti-Pg were associated
with higher CAC scores,(36) an association primarily observed among the subgroup with
diabetes, suggesting interaction with other CVD risk factors. RA has been described as a
diabetes-equivalent for CVD, and may represent a population in which the effect of
periodontal pathogens on atherogenesis is heightened. In our study, we did not observe an
association of anti-Pg with any measure of atherosclerosis, which could indicate specificity
in the effect related to only Aain RA. This finding could also be unique to the cohort
studied and thus deserves to be confirmed in other cohorts. However, anti-Pg was as
prevalent as anti-Aain our sample, and did not confound any of the associations of anti-Aa
and/or anti-LtxA with measures of atherosclerosis when co-modeled.

We also observed that higher swollen joint counts were associated with CAC only among
RA patients with reactivity to Aa or LtxA. This interaction suggests that Aa infection may
create a permissive environment for the inflammatory features of RA to contribute to
atherogenesis and raises the possibility that anti-Aa status could be used to identify a
subgroup of RA patients for whom aggressive control of synovitis may lead to a lower rate
of atherosclerosis progression. Importantly, the interaction was specific to swollen joints and
did not extend to tender joint count or circulating CRP. The mechanism underlying this
interaction is unclear and warrants additional study. However, other types of effect
modification in which anti- Aa status appeared to create a permissive environment for RA
features has been noted in prior studies, where HLA-DRBI shared epitope alleles were only
associated with higher levels of ACPA among RA patients with anti-Ag, (11, 37) although
such conditional associations have not been observed in all studies.(28)

Our study has several notable strengths and weaknesses. Among the strengths, it is the first
study of the association of periodontal pathogens with CVD in RA. Additionally, we
measured atherosclerosis in multiple vascular beds, with confirmation of associations across
vascular territories. Among weaknesses, the cross-sectional design does not allow firm
conclusions regarding causality to be made. Since the point of seroconversion to reactivity
against the periodontal pathogens was unknown, cumulative exposure could not be assessed.
Because other periodontal pathogens may also contribute to atherogenesis, it is not certain
that any of the observed associations were specific to Aa or to the confounding effects of an
unmeasured correlated causal factor. However, that anti-Pg was not associated with
atherosclerosis suggests that the associations of Aa with measures of atherosclerosis were
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not strongly confounded by other periodontal pathogens, but the possibility of confounding
by other periodontal pathogens is not fully excluded. Finally, since we did not compare these
associations in a group without RA, we cannot assert that our findings are specific to RA.

In summary, RA patients with evidence of exposure to Ag, but not Pg, had higher levels of
atherosclerosis across multiple vascular beds independent of other CVD risk factors. The
association of swollen joints with coronary atherosclerosis was restricted to RA patients with
seroreactivity to anti-Aa and/or anti-LtxA. Although speculative, these findings may suggest
that assessing immunity against Aa may predict CVD in RA patients and that Aa-exposed
patients may be appropriate for heightened CVD screening and primary prevention.
However, confirmation in additional cohorts and studies demonstrating prediction and
clinical utility are required before Aa immunoreactivity is appropriate for clinical practice.
At minimum, our study provides evidence for mechanistic studies assessing the links
between periodontitis and CVD in RA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Adjusted Associations of Anti-Aa and/or Anti-LtxA with Measures of Coronary
Atherosclerosis.

Means and 95% Confidence Intervals are depicted. Adjusted for age, gender, smoking
history, body mass index, triglycerides, statin use, RA duration, and swollen joint count.
Aa= Aggregatibacter actinomycetemcomitans, LtxA=leukotoxin A; ORygj=adjusted odds
ratio
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Figure 2. Adjusted Associations of Anti-Aa and/or Anti-LtxA with Measures of Carotid and
Peripheral Arterial Atherosclerosis.

Means and 95% Confidence Intervals are depicted. Adjusted for age, gender, smoking
history, body mass index, triglycerides, statin use, RA duration, and swollen joint count.
Aa= Aggregatibacter actinomycetemcomitans, LtxA=leukotoxin A; ORygj=adjusted odds
ratio, CCA=common carotid artery; IMT=intima-media thickness; ICA=internal carotid
artery
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Figure 3. Differential Association of Swollen Joint Count with Measures of Coronary
Atherosclerosis Conditioned on Anti-Aa and/or anti-LtxA Status

Quadratic fit line and 95% confidence intervals depicted. Adjusted for age, gender, smoking
history, body mass index, triglycerides, statin use, and RA duration. CAC=coronary artery
calcium; Aa= Aggregatibacter actinomycetemcomitans, LtxA=leukotoxin
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Patient Characteristics According to the Presence of anti-Aa and/or anti-LtxA

Table 1.

Total No anti-Aa or anti-LtxA  Anti-Aa and/or anti-L txA
(n=197) (n=105) (n=92) p-value
Age, years 59+9 58+ 8 61+9 0.059
Male, n (%) 79 (42) 40 (38) 39 (42) 0.54
White, n (%) 168 (85) 96 (91) 72 (78) 0.009
Any College, n (%) 148 (76) 78 (74) 70 (77) 0.67
BMI, kg/m? 285+53 28.6+5.0 283+57 0.78
Ever smoking, n (%) 116 (59) 64 (61) 52 (57) 0.59
Current smoking, n (%) 23 (12) 9(9) 14 (15) 0.14
Diabetes, n (%) 12 (6) 6 (6) 6 (6) 0.81
Hypertension, n (%) 105 (54) 55 (53) 50 (54) 0.84
Total cholesterol, mg/dL 194 + 37 196 + 34 192 + 40 0.44
LDL-C, mg/dL 116 + 30 115+ 29 116 + 32 0.79
HDL-C, mg/dL 54 +18 56 + 20 52 17 0.11
Triglycerides, mg/dL 104 (68-149) 98 (74-151) 109 (66-144) 0.98
Lipid lowering meds, n (%) 35 (15) 21 (20) 14 (15) 0.38
HOMA-IR 0.8 (0.5-1.4) 0.70 (0.50-1.35) 0.95 (0.55-1.40) 0.18
GFR 88 + 22 89 + 22 87+23 0.61
Homocysteine 9.0 (7.5-10.6) 8.9 (7.5-10.4) 9.2 (7.5-11.1) 0.41
RA duration, years 9 (5-17) 10 (4-17) 8 (5-18) 0.73
RF>40 units, n (%) 130 (66) 60 (57) 70 (76) 0.005
anti-CCP>60 units, n (%) 140 (71) 72 (69) 68 (74) 0.41
Any shared epitope alleles, n (%) 136 (70) 74 (70) 62 (69) 0.81
DAS28-CRP 3.6(2.9-4.3) 3.6 (2.9-4.4) 3.7(2.9-4.3) 0.98
Swollen joints, (0-42) 7 (3-10) 7 (3-11) 6 (3-10) 0.59
Tender joints, (0-44) 6 (2-13) 6 (2-13) 6 (2-12) 0.88
CRP, mg/dL 2.6 (1.1-7.6) 2.8 (1.1-7.0) 2.4 (1.2-7.9) 0.68
IL-6, pg/mL 3.9 (1.8-8.2) 3.7 (1.6-8.1) 4.3 (1.8-8.4) 0.33
HAQ, units 0.62 (0.12-1.25)  0.62 (0.12-1.25) 0.75 (0.12-1.50) 0.54
Total mSvdH Score 8 (0-42) 7 (0-36) 11 (1-52) 0.28
Current prednisone, n (%) 76 (39) 44 (42) 32 (35) 0.31
Cumulative prednisone, grams 3.1(0-9.5) 3.2(0-10.2) 2.9 (0-8.7) 0.52
Non-biologic DMARDs, n (%) 165 (84) 90 (86) 75 (82) 0.53
Methotrexate, n (%) 125 (63) 64 (61) 61 (66) 0.44
Hydroxychloroquine, n (%) 47 (24) 29 (28) 18 (20) 0.19
Biologics, n (%) 90 (46) 54 (51) 36 (40) 0.096
TNF-inhibitors, n (%) 86 (44) 52 (50) 34 (37) 0.087
Anti-Pg positive, n (%) 72 (37) 31(30) 41 (45) 0.029
Reported Tooth Loss™ 0.042
None 34 (18) 24 (24) 10 (12)

Arthritis Rheumatol. Author manuscript; available in PMC 2022 April 01.

Page 14



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Page 15

Gilesetal.
Total No anti-Aaor anti-LtxA  Anti-Aa and/or anti-LtxA
(n=197) (n=105) (n=92) p-value
1-9 119 (65) 62 (61) 57 (70)
10-31 17 (9) 6 (6) 11 (13)
32 14 (8) 9(9) 4 (5)

*
available in n=184

Aa= Aggregatibacter actinomycetemcomitans, LtxA=leukotoxin A; BMI=body mass index; LDL=loe density lipoprotein; HDL=high density
lipoprotein; HOMA-IR=Homeostatic Model Assessment Insulin Resistance Index; GFR=glomerular filtration rate, s-ICAM=soluble intercellular
adhesion molecule; RA=rheumatoid arthritis; RF=rheumatoid factor; CCP=cyclic citrullinated peptide; DAS=disease activity score; IL=interleukin;
HAQ=Health Assessment Questionnaire; mSvdH=modified Sharp-van der Heijde; TNF=tumor necrosis factor; Pg= Porphyromonas gingivalis

Arthritis Rheumatol. Author manuscript; available in PMC 2022 April 01.



Page 16

Giles et al.

siebulb seuowoifydiod
=04 ‘A1a)e p1oJed [euldlul=\D| ‘SSaUddIY} BIPAW-BWNUI=1 |N| ‘AJ91E P1I0Jed UoWWO0I=YDD ‘Wnid[ed AlsLe A5ruoiod=0y) ‘v UIX0I0NN3|=\YX1 SUBHLIOIWAIZIAIOUII® 19)98qeb2.100Yy =2y

€60 (221-90T)9T'T 2 T-20T) ¥TT  SE0°0 (T2 T-50T) €T'T (9z'T-0TT) 8T'T Xapu| [e1yoeig:apiuy
vL0 (e2) 91 (Te) 9z 120 (92) €2 (s7) 6T (%) u *anbeyd
v20  (S9'T-¥8°0) L0'T (TST-¥80) ET'T  2¥0'0 (19'1-98°0) 22’1 (T¥'1-18'0) 20°T ww ‘1LINI-vI
10 (¥6'0-920)680  (06°0-€2°0) T80 0200 (¥6'0-92°0) 58'0 (88'0-72°0) 080 ww ‘LINI-¥2D
punoselijn pliosed
0.0 (L&) 9z (re)er  ¥90°0 (zv) 8¢ (0g) 1€ SHUN 00TOVD
950 (29) ov (€999  T¥00 (29) 95 (8v) 0s 0<0V2
TL0 (202-0) S (tot-00¢ 900 (s12-0) OE (¥€1-0) 0 SHUN ‘3103 OV
wniafe Mgy Areuoiod
anfead (T2=U) (Get=u) enend (c6=U) (SoT=U)
9AINS0d Bd-nuy - aazefieN Ad-nuy VX17-lUe Io/pue BY-IUY X1 T-1UR 10 BY-[1Ue ON

S1S018[0S0J3YlY [eJaydiiad pue ‘prose) ‘AIeuoiod Jo sainseaj Yim susboyled [e1UopoLIad Isureby saipogiuy 4O SUOITRID0SSY apni)

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2022 April 01.



Page 17

Giles et al.

u18104d 8ANYEBI-D=dYD 10108} plojewnayi=-4y ‘snyLe

plolewnayl=\yy ‘erel uonen|y sejniswolb=y-49 ‘uisroidodi| Asuap ybiy=1aH ‘ainssaid poojq 21101SAS=-4dS ‘Xapul ssew Apog=|INgG ‘W UIX0I0NNS|=\YX) ] SUBHLLIOIWSISIAUIOUIII® 18198q11e08.100Y =ey

680 €10~ €
060 5800 1€-0T
8.0 zro 6-T

- uasyal 0
/1991 BUISSILW JO 19qUInN
€50 020 asn a16ojoig
890 9T'0- asn auinbolojyaAxolpAH
9.0 6200 dyo boj
1200 v.0°0 ¥20°0 8900 110 2500 jutof Jad Junod uiol usjjoms
190 670 sHun o<y
0100 00 TI00 1800 6000 00 Teak Jad ‘uoneinp vy
0S50 9’0 aulaisAoowoH hoj
950 29000 449
7000 2T S000 vI'T TI00 1T asn unels
0200 690 9500 €50 LS00 290 sap11aA|BuiL Boj
/80  02000- Ap/Bwi sad ‘'O-1aH
9T°0 670 asn anIsuaadAy-nuy
7’0 §.00°0- BH/ww Jad '4gs
7’0 1S90 salagelq
€20 8600 7600 6v0°0 110 8500 2Ww/B> sed ‘NG
250 €€°0- Burjows jusund
6100 €80  G€00 890 Y00 890 Bupjows Jang
2L0 LT0 3HUM
100°0> S8T  T000> 98T  1000> 9T 19puab afelN
100°0> TT0  T000> 2ro T000> zro 1eak sad ‘oby
€200 L0 €£00 v90  9€00 890  6¥00 9,°0  anmsod yxiT-Iue Jojpue ey-4ue
anpea-d d onpend d onpea-d d onpend d
¥ PPOIN € PPOIN Z PPOIN T PPOIN
(T + 8109S wnioje) Alsuy Areuolo)) 6oj Jo Si01edIpU| 8jgeLIeAlNA
‘€ 9|qel
Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Arthritis Rheumatol. Author manuscript; available in PMC 2022 April 01.



	Abstract
	INTRODUCTION
	METHODS
	Imaging of Subclinical Atherosclerosis
	Sociodemographic Characteristics and CVD Risk Factors
	RA Disease Characteristics
	Laboratory Assessments
	Statistical Analysis

	RESULTS
	Atherosclerosis was Associated with Antibodies to Aa and LtxA but not against Pg in RA
	Atherosclerosis was Associated with Anti-Aa and Anti-LtxA Antibodies After Adjustment for Potential Confounders
	The Association of Swollen Joints with Coronary Atherosclerosis was Restricted to RA Patients Positive for Antibodies to Aa and/or LtxA.

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

