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Abstract 
Introduction: Coronary heart disease is a leading cause of death in the United States. Traditionally seen as solely a 
problem of LDL storage, atherosclerosis is now described as a complex, chronic inflammatory process. Rheumatoid 
arthritis (RA), a chronic systemic autoimmune process that affects synovial joints, is an independent risk factor for 
cardiovascular disease. This increased risk is present even at the pre-clinical stage, and anti-citrullinated protein antigens 
(ACPA) which are implicated in the pathogenesis of RA have also independently been associated with increased 
cardiovascular risk in first degree relatives of RA patients without RA themselves. The association between ACPA and 
myocardial scar, a validated imaging sign of prior myocardial infarction, has yet to be studied. 
Methods: The Multi-Ethnic Study of Atherosclerosis (MESA) is multi-center prospective cohort study composed of 6,814 
individuals free of cardiovascular disease at baseline. 1968 participants had ACPA levels measured by enzyme-linked 
immunosorbent assay, as part of an ancillary MESA study. Myocardial scar was determined by cardiac magnetic resonance 
imaging using a standardized, centralized protocol. We will evaluate the association between number of ACPA and 
presence of myocardial scar using logistic regression. We will adjust for demographics, medical co-morbidities, and 
traditional cardiovascular risk factors.  
Specific aims: The goal of this study is to evaluate the association between number of ACPA and presence of myocardial 
scar. We hypothesize that higher number of ACPA will be positively associated with myocardial scar in a multi-ethnic, 
community dwelling population. 
 
Background: 
Coronary heart disease (CHD) is a leading cause of death in the United States. One-third of all deaths in people older than 
35 years old is attributable to CHD1. Traditionally seen as solely a problem of LDL storage, atherosclerosis is now described 
as a complex, chronic inflammatory process2. As evidenced by the detection of antibodies against oxidized LDL in humans, 
there is an autoimmune response to LDL and other antigens that contributes to the progression of atherosclerosis2. This is 
further supported by the CANTOS trial, which showed a reduction of adverse cardiovascular events independent of lipid 
levels in participants treated with canakinumab, an anti-IL-1 antibody3,4.  
 
Rheumatoid arthritis (RA), a chronic systemic autoimmune process that affects synovial joints, is an independent risk 
factor for cardiovascular disease5. RA patients have been found to have a higher incidence of cardiovascular events, 
including myocardial infarction, stroke, and arterial occlusive events5. RA patients have a higher risk of developing CHD 
compared to non-RA patients, independent of traditional CHD risk factors. This higher risk for CHD may be present even at 
the pre-clinical stage of RA, as suggested by work done by Maradit-Kramers et al., which showed that RA patients had a 
higher risk of myocardial infarction prior to being diagnosis with RA6. This was supported by Kobayashi et al., who found 
RA patients were at higher risk of hospitalization for acute MI prior to RA diagnosis7.  
 
Anti-citrullinated protein antigens (ACPA) are implicated in the pathogenesis of RA and have been associated with CHD 
and myocardial disease in patients with RA8,9. Arginine residues are post-translationally modified to citrulline in 
inflammatory and other processes, forming neo-epitopes. Autoantibodies develop against these citrullinated neo-
epitopes, forming a collection of anti-citrullinated protein antigens (ACPA)8. ACPA is found in serum prior to diagnosis of 
clinical RA10, and is not necessarily specific for RA11,12.  
 
Previous work by Hughes-Austin et al. suggests that ACPA may contribute to the myocardial functional changes seen in 
CHD and the development of CVD in the absence of clinical RA. In a study of first-degree relatives of RA patients without 
RA themselves, ACPA positively was linked to higher SBP and DBP13. In another study of individuals in the general 
population without RA, higher number of ACPA was associated with lower LVEF14. Additionally, ACPA was found to be 
associated with markers of endothelial dysfunction, an early sign of vascular injury, in first-degree relatives of RA patients 
without RA themselves15.   



 
Myocardial scar, formed to replace dead myocytes after infarction, as detected by late gadolinium enhancement cardiac 
magnetic resonance imaging is a validated sign of prior myocardial infarction11,16. Importantly, myocardial scar is 
associated with higher risk of further adverse cardiovascular events and cardiac mortality16. Therefore, we propose to 
investigate the association between ACPA and myocardial scar in the general population. 
 
Specific Aim: 
To determine associations between ACPA and myocardial scar on cMRI in a multi-ethnic community dwelling population. 
 
Hypothesis: 
Higher ACPA will be associated with myocardial scar on cMRI. 
 
Methods: 
The study will be a cross-sectional study using the MESA study population, consistent of 1968 subjects free of clinical 
cardiovascular disease (prior myocardial infarction, angina, stroke, transient ischemic attack, or heart failure) at baseline.  
Presence of myocardial scar is defined as focal late gadolinium enhancement on cardiac MRI in a standardized protocol 
interpreted by readers who were blinded by all other study data. ACPA was measured in serum as a multiplex platform of 
21 autoantibodies to 16 citrullinated autoantigens and 3 naïve proteins. The cut off for positivity for each individual ACPA 
will be determined at the 95th percentile, and the number of positive ACPA will be summed for each study participant, 
ranging from 0 to 38. We will evaluate the association between number of ACPA (reported as continuous values) and 
presence of myocardial scar on cardiac MRI. Because the prevalence of myocardial scar in previous MESA findings is 
<10%, we will use logistic regression to determine the odds of having a higher number of ACPA given the finding of a 
myocardial scar. We will employ sequential models where model 1 presents the unadjusted association, model 2 adjusts 
for age, model 3, and model 3 adjusts for age, sex, and demographics, and model 4 adjusts for all potential covariates 
(age, sex, race, education, HTN, diabetes, CKD, smoking status, alcohol consumption, BMI, total cholesterol, HDL, eGFR, 
ACR, CRP, and medication use).  
 
Expected Work Product: 
Goal 1: Submit an abstract in order to present research results as a poster at a conference, ideally the 2022 AHA Scientific 
Sessions conference or ACC Scientific Sessions conference.  
Goal 2: Submit a manuscript to a clinical journal, ideally in Cardiology or Imaging. 
 
Time Commitment: 
This project is part of a larger research series looking at the association of ACPA and cardiovascular disease. As such, I 
have already submitted a proposal to the MESA Publications and Presentations committee, which has been approved. 
Prior to my research block, I will download the necessary data sets from MESA and organize the data. During my research 
block, I will analyze the data using multivariable-adjusted logistic regression and I will compile the final analysis and 
discussions into a manuscript. I hope to also be able to submit an abstract and manuscript for presentation and 
publication respectively during the research block, but the timing may vary based on scheduling of the block and 
conferences.  
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