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Objective: To validate the prognostic accuracy of anti-apolipoprotein A-1
(AAA1) IgG for incident major adverse cardiovascular (CV) events (MACE) in
rheumatoid arthritis (RA) and study their associations with the lipid paradox
at a multicentric scale.
Method: Baseline AAA1 IgG, lipid profile, atherogenic indexes, and cardiac
biomarkers were measured on the serum of 1,472 patients with RA included in
the prospective Swiss Clinical Quality Management registry with a median
follow-up duration of 4.4 years. MACE was the primary endpoint defined as
CV death, incident fatal or non-fatal stroke, or myocardial infarction (MI), while
elective coronary revascularization (ECR) was the secondary endpoint.
Discriminant accuracy and incidence rate ratios (IRR) were respectively
assessed using C-statistics and Poisson regression models.
Results: During follow-up, 2.4% (35/1,472) of patients had a MACE, consisting of
6 CV deaths, 11 MIs, and 18 strokes; ECR occurred in 2.1% (31/1,472) of patients.
C-statistics indicated that AAA1 had a significant discriminant accuracy for
incident MACE [C-statistics: 0.60, 95% confidence interval (95% CI): 0.57–
0.98, p=0.03], mostly driven by CV deaths (C-statistics: 0.77; 95% CI: 0.57–
0.98, p= 0.01). IRR indicated that each unit of AAA1 IgG increase was
associated with a fivefold incident CV death rate, independent of models’
adjustments. At the predefined and validated cut-off, AAA1 displayed negative
predictive values above 97% for MACE. AAA1 inversely correlated with total
and HDL cholesterol.
Conclusions: AAA1 independently predicts CV deaths, and marginally MACE in
RA. Further investigations are requested to ascertain whether AAA1 could
enhance CV risk stratification by identifying patients with RA at low CV risk.
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Introduction

Patients with autoimmune diseases (AID), including

rheumatoid arthritis (RA), exhibit a 1.4- to 3.6-fold increased

risk of cardiovascular (CV) diseases, independent of traditional

CV risk factors (1, 2). Accelerated inflammation-driven

atherosclerosis in RA is considered to result from the cumulative

effects of traditional, non-traditional CV risk factors, and genetic

predispositions (3). As a result, usual CV risk stratification tools

(Framingham Risk Score, modified SCORE, Pooled Cohort Risk

Equation) used for screening purposes in the general population

have repeatedly been shown to substantially underestimate CV

risk in RA (4), even after the application of the 1.5 multiplication

correction factor proposed by the European League Against

Rheumatism (EULAR) (5). Such sub-optimal performance is

believed to partially result from the combination of the lipid

paradox in RA consisting of lower total high- and low-density

lipoprotein (HDL and LDL) cholesterol levels and a high pro-

atherogenic indexes (total cholesterol to HDL ratio and

triglyceride to HDL ratio) due to systemic inflammation, together

with other RA-specific factors that are not adequately factored in

the current CV risk stratification models in RA (6).

Because the prediction of major adverse CV events (MACE) is

an unmet clinical need in RA management, numerous initiatives

have been undertaken to optimize CV risk stratification in RA

using various models combining clinical features, radiological,

and/or biomarkers. Unfortunately, proposed models of

cardiovascular risk predictions have only resulted in moderated

discriminative capacity, with areas under the curve (AUC) in the

range of 0.70–0.80, which is why further improvements are

deemed necessary (7–17).

In RA, several autoantibodies easily measurable in the blood

have shown some promise as alternative surrogate CV risk

markers (7, 14, 15). Among these, the class of autoantibodies

against HDL is under active scrutiny. Among the different

components of humoral response against HDL particles (16),

autoantibodies against anti-apolipoprotein A-1 (AAA1)—the

major protein fraction of HDL molecules conferring to the latter

most of their atheroprotective functions—have been the most

extensively studied and characterized (16). Large multicenter

prospective studies have demonstrated in non-AID patients that

AAA1 represents an independent CV risk factor (18), predicting

incident CV events and death despite being associated with a

favorable lipid profile (except decreased HDL levels) (19–22),

reminiscent of the lipid paradox in RA. Smaller single-center

studies indicated that AAA1 were associated with histological

features, such as atherosclerotic plaque vulnerability and burden

in humans (23, 24). Experimental data indicate that AAA1 elicit

pro-arrhythmogenic and pro-inflammatory responses through

specific innate immune receptor complex signaling, generating

systemic inflammation, foam cell formation (25–28),

atherosclerosis, atherothrombosis, myocardial necrosis, and death

in mice (23, 29–31). Three case-control studies showed that anti-

HDL antibodies are raised in RA, where they associated with

lower HDL levels and antioxidant function, higher systemic

inflammatory profile, and increased occurrence of carotid
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atherosclerotic plaques (32, 33). To date, only one single-center

study of limited size in RA suggested that AAA1 could not only

independently predict MACE at 9 years, but also improve the

10-year predictive ability of the Framingham Risk Score (14).

Therefore, we performed a phase III biomarker study to (i)

challenge the prognostic value of AAA1 for incident MACE on a

large multicenter scale and (ii) explore their relationship with the

RA lipid paradox, using the Swiss Clinical Quality Management

(SCQM) registry enrolling patients from private practices and

academic and non-academic centers all over Switzerland.
Material and methods

Ethical approval

The study protocol was approved by the local ethics committee

of the University Hospital of Geneva (PB_2018-00317), the SCQM

Biobank Scientific Advisory Board, and SCQM Foundation board.

All participants gave informed consent before enrollment in

accordance with the Declaration of Helsinki.
Patient and public involvement

Neither the patient nor the public was directly involved in this

study. All research projects with the SCQM registry are critically

reviewed by a panel that includes several patient representatives.
Study population

We conducted a prospective cohort study, consisting of 1,472

patients with RA included in the SCQM (www.SCQM.ch)

registry, for which a serum sample was available in the SCQM

biobank. Briefly, the SCQM registry was founded in 1997 and

enrolls patients experiencing inflammatory rheumatic diseases

(IRD), such as RA, axial ankylosing spondylarthritis, and

psoriasis arthritis, originating from private practices (50%),

academic centers (20%), and non-academic centers (30%),

providing a real-life IRD population sample of Switzerland.

Longitudinal data collection, including cardiovascular events and

associated risk factors encompassing the period before and after

inclusion in the register, is provided by treating rheumatologists

through dedicated case report forms (CRF). Assessments are

performed at regular intervals, approximately 1–4 times per year

(disease activity, anti-rheumatic treatments, side effects, reasons

for discontinuation, comorbidities, etc.).
Samples and biochemical analyses

The samples were processed and stored at −80°C until analysis.

AAA1 were measured using an extensively validated in-house

Enzyme Linked Immunosorbent Assays (ELISA) protocol

(18–24, 28). The conventional AAA1 seropositivity cut-off was
frontiersin.org

http://www.SCQM.ch
https://doi.org/10.3389/fcvm.2024.1386192
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Mongin et al. 10.3389/fcvm.2024.1386192
prospectively defined and usually set at an optical density measured

at 405 nm (OD405) > 0.64 arbitrary unit (AU), corresponding to

the 97.5th percentile of AAA1 levels obtained from healthy blood

donors (18–24, 28).

Cholesterol HDL, non-HDL, and LDL were measured using

standard chemistry assays (Roche 8000/H Cobas) whereas LDL

cholesterol values were calculated using the Friedewald formula.

The conventional atherogenic indexes consisting of total

cholesterol to HDL ratio, and triglycerides to HDL ratio were

generated. As the biochemical gold standard for cardiac ventricular

strain and of myocardial injury, N-terminal pro-brain natriuretic

peptide (NT-proBNP) and high-sensitive cardiac troponin T (hs-

cTnT) were respectively measured using electrochemiluminescence

methods on routine auto-analyzers (ElecsysTM, Roche, Switzerland).
Definition of study outcomes

Three prespecified outcomes were considered for this study.

The primary composite outcome of MACE was defined as non-

fatal myocardial infarction (MI), or non-fatal stroke or CV death

(including fatal stroke and/or myocardial infarction) (22, 34).

The second endpoint was the need for elective coronary

revascularization (ECR). Endpoints were either reported by the

treating rheumatologist in the SCQM registry, by a study nurse,

or by the patient using a specific self-reported questionnaire (35).

In case of inconsistent responses between the patient, the treating

physician, or the rheumatologist, the study coordinators, blinded

to AAA1 results, adjudicated the final diagnosis (36). Only events

confirmed by medical records, CRFs, and physicians were taken

into account.

The third outcome consisted of pro-atherogenic indices, such

as the total cholesterol to HDL ratio and the triglyceride to HDL

ratio (6).
Statistical analyses

Differences in the proportion of categorical variables were

tested using the chi-square test with Yates correction when

adequate. Differences for continuous variables were tested using

the t-test, and with the Mann–Whitney U-test for the variables

with a non-normal distribution. Spearman’s rank test was used

for correlation analyses. C-statistics using continuous AAA1 OD

values were used to generate the AUC, as well as sensitivity (SE),

specificity (SP), and positive and negative predictive values (PPV

and NPV, respectively), as well as positive and negative

likelihood ratios (LR+ and LR−, respectively). Cumulative

incidence graphs were used to visually depict the occurrence of

MACE and its components over time, allowing us to estimate

and compare the cumulative incidence rates between AAA1

seropositive and seronegative patients. The log-rank test was

employed to assess the statistical significance of survival

differences observed among these strata. Incidence of MACE, its

components, and ECR were calculated as the number of events

per 1,000 patient years.
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Incidence rate ratios (IRR) between AAA1 seropositive and

seronegative patients, or for each increase of 1 AU of AAA1, were

estimated using Poisson regression. To account for potential

confounding factors, the regressions were also performed on a

matched dataset. Patients with positive outcomes were matched

1:3 on a population with negative outcomes using propensity

scores for each outcome [MACE for the main outcome, its

individual components (MI, non-fatal stroke, or CV death), or

ECR]. The propensity score was generated using multivariable

logistic regression on the following baseline variables: age; disease

duration; sex; smoking; past statin use; past hypertension; baseline

corticosteroid and conventional synthetic disease-modifying

antirheumatic drug (csDMARD) use; NT-proBNP; hs-cTnT;

DAS28; HDL cholesterol; and the atherogenic indexes (total

cholesterol to HDL ratio and triglyceride to HDL ratio). Missing

covariates were handled with multiple imputation with chained

equations, using 50 samples and 10 iterations and all covariates in

the model.

For the sensitivity analyses, univariate Cox proportional

hazards models were performed on the entire dataset and on the

matched dataset.

Results are reported with their corresponding 95% confidence

intervals (CI). p-values <0.05 were considered significant. All

analyses were performed using R software (V.4.0.4) (37).
Results

Population description

The patients’ characteristics are presented in Table 1. Among

the 1,472 patients considered in this study, the AAA1

seropositivity rate was 16% (236/1,472). As shown in Table 1,

AAA1 seropositive patients were more likely to be male and

treated with TNFi. AAA1 seropositivity was associated with

lower median total, HDL, and non-HDL cholesterol levels, as

well as a higher rate of CV death when compared to AAA1

seronegative individuals. No other baseline demographic or

biomarker difference was observed between these two groups.
Associations with study outcomes

During 4.4 years of median follow-up, 2.4% (35/1,472) of

patients with RA presented the primary outcome of MACE

(6 CV deaths, 11 non-fatal MI, and 18 non-fatal stroke) and

2.1% (31/1,472) of patients presented the secondary outcome

consisting of ECR. The crude incidence rate for MACE was 5.2

events per 1,000 patient years (95% CI: 3.6–7.3), 1.6 events per

1,000 patient years for non-fatal MI (95% CI: 0.8–2.9), 2.7 events

per 1,000 patients for non-fatal stroke (95% CI: 1.6–4.2), and 0.9

events per 1,000 patients for CV deaths (95% CI: 0.3–1.9). As

shown in Table 2, patients with RA with MACE during follow-

up were more likely to be men, smokers, had a longer follow-up,

and tended to be more likely treated with conventional DMARD

at baseline. They also had lower HDL levels, higher LDL levels,
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TABLE 1 Sociodemographic factors, number of outcomes, and biochemical measures stratified between ApoA1 positive and negative patients.

Number of patients Overall AAA1 seronegative AAA1 seropositive p Missing data in %

1,472 1,236 236

Sociodemographic
Age, mean (SD) 58.12 (13.25) 58.12 (13.16) 58.10 (13.73) 0.977 0.0

Male sex, n (%) 372 (25.3) 294 (23.8) 78 (33.1) 0.004 0.0

Disease duration, mean (SD) 10.68 (9.97) 10.56 (9.85) 11.33 (10.54) 0.280 0.9

Smoker, n (%) 393 (26.7) 334 (27.0) 59 (25.0) 0.573 0.0

DAS28, mean (SD) 2.90 (1.50) 2.86 (1.49) 3.07 (1.54) 0.076 15.8

CVD history, n (%) 89 (6.0) 68 (5.5) 21 (8.9) 0.063 0

Hypertension, n (%) 546 (37.1) 453 (36.7) 93 (39.4) 0.466 0.0

Dyslipidemia, n (%) 251 (17.1) 210 (17.0) 41 (17.4) 0.961 0.0

Diabetes, n (%) 136 (9.2) 116 (9.4) 20 (8.5) 0.749 0.0

Treatments
Previous use of statins; n (%) 251 (17.1) 210 (17.0) 41 (17.4) 0.961 0

Corticosteroids; n (%) 400 (27.2) 347 (28.1) 53 (22.5) 0.090 0.0

CsDMARD; n (%) 1,101 (74.8) 924 (74.8) 177 (75.0) 1.000

Targeted synthetic or bDMARD treatment 0.114 0.0

None (%) 455 (30.9) 391 (31.6) 64 (27.1) 0.194

Abatacept (%) 142 (9.6) 122 (9.9) 20 (8.5) 0.586

IL6 (%) 165 (11.2) 137 (11.1) 28 (11.9) 0.814

TNFi (%) 390 (26.5) 310 (25.1) 80 (33.9) 0.006

JAKi (%) 36 (2.4) 31 (2.5) 5 (2.1) 0.901

Other (%) 284 (19.3) 245 (19.8) 39 (16.5) 0.277

Previous targeted synthetic bDMARD (%) 0.616 0.0

0 202 (13.7) 171 (13.8) 31 (13.1)

1 350 (23.8) 287 (23.2) 63 (26.7)

2 307 (20.9) 256 (20.7) 51 (21.6)

3+ 613 (41.6) 522 (42.2) 91 (38.6)

Outcomes during follow-up
Median follow-up duration (IQR) 4.42 (2.09–7.32) 4.51 (2.07–7.39) 3.93 (2.15–6.97) 0.198

MACE (%) 35 (2.4) 27 (2.2) 8 (3.4) 0.379

Non-fatal myocardial infarction (%) 11 (0.7) 10 (0.8) 1 (0.4) 0.828

Non-fatal stroke (%) 18 (1.2) 15 (1.2) 3 (1.3) 1.000

Cardiovascular death (%) 6 (0.4) 2 (0.2) 4 (1.7) 0.005

ECR (%) 31 (2.1) 29 (2.3) 2 (0.8) 0.222

Death by any cause (%) 78 (5.3) 62 (5.0) 16 (6.8) 0.342 0.0

Other causes of death (%)
Cancer 7 (0.5) 6 (0.5) 1 (0.4) 1.000

Infection 7 (0.5) 6 (0.5) 1 (0.4) 1.000

Respiratory disease 10 (0.7) 10 (0.8) 0 (0.0) 0.340

Other causes 48 (3.3) 38 (3.1) 10 (4.2) 0.470

Biochemistry
Total cholesterol (mmol/L), mean (SD) 5.36 (1.17) 5.40 (1.17) 5.13 (1.20) 0.001 0.1

HDL cholesterol (mmol/L) 1.56 (0.48) 1.58 (0.49) 1.48 (0.46) 0.002 0.1

LDL cholesterol (mmol/L) 1.57 (0.87) 1.59 (0.86) 1.49 (0.94) 0.095 0.1

Triglycerides (mmol/L) 3.06 (1.01) 3.07 (1.01) 3.00 (1.00) 0.353 3.5

Non-HDL cholesterol (mmol/L) 3.79 (1.12) 3.82 (1.13) 3.65 (1.09) 0.038 0.1

Total cholesterol to HDL ratio 3.44 (2.79–4.35) 3.45 (2.77–4.34) 3.38 (2.82–4.35) 0.611 0.1

Triglycerides to HDL ratio 1.96 (1.42–2.66) 1.96 (1.41–2.64) 1.91 (1.50–2.71) 0.295 3.5

Median Hs-CRP, mg/L (IQR) 2.08 (0.79–5.41) 2.04 (0.82–5.49) 2.22 (0.69–4.99) 0.648 0.0

Median NT-proBNP (pg/ml) (IQR) 81.8 (45.2–154.0) 81.4 (45.3–150.7) 85.7 (43.1–164.5) 0.507 0.7

Hs-cTnT (ng/L) (IQR) 4.40 (0.00–8.66) 4.40 (0.00–8.60) 4.38 (0.00–9.15) 0.832 0.7

RF + ACPA seropositivity, n (%) 1,050 (78.1) 876 (77.9) 174 (79.5) 0.667 8.7

Mongin et al. 10.3389/fcvm.2024.1386192
higher median hs-cTnT, and higher atherogenic indexes compared

to patients without MACE during follow-up. No other difference

was noted, especially regarding rheumatoid factor (RF) and anti–

citrullinated protein (CCP) seropositivity, which were not
Frontiers in Cardiovascular Medicine 04
associated with MACE (Table 2). These differences were no

longer significant in adjusted analyses (see Supplementary Table 1).

C-statistics indicated that AAA1 levels were significant

predictors of MACE (AUC: 0.60, 95% CI: 0.51–0.68, p = 0.03)
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TABLE 2 Sociodemographic and biochemical measures stratified according to the occurrence of MACE during the follow-up.

Number of patients Overall No MACE MACE during FU p Missing data in %

1,472 1,437 35

Sociodemographic
Age, mean (SD) 58.12 (13.25) 58.02 (13.31) 62.35 (9.69) 0.769 0.0

Male sex, n (%) 372 (25.3) 350 (24.4) 22 (62.9) <0.001 0.0

Disease duration, mean (SD) 10.68 (9.97) 10.72 (9.98) 9.21 (9.37) 0.269 0.9

Smoker, n (%) 393 (26.7) 375 (26.1) 18 (51.4) 0.001 0.0

DAS28, mean (SD) 2.90 (1.50) 2.90 (1.50) 2.70 (1.37) 0.966 15.8

CVD history, n (%) 89 (6.0) 86 (6.0) 3 (8.6) 0.253 0.0

Hypertension, n (%) 546 (37.1) 528 (36.7) 18 (51.4) 0.110 0.0

Dyslipidemia, n (%) 251 (17.1) 244 (17.0) 7 (20.0) 0.809 0.0

Diabetes, n (%) 136 (9.2) 131 (9.1) 5 (14.3) 0.454 0.0

Treatments
Previous use of statins, n (%) 251 (17.1) 244 (17.0) 7 (20.0) 0.809 0

Corticosteroids, n (%) 400 (27.2) 387 (26.9) 13 (37.1) 0.250 0.0

CsDMARD, n (%) 1,101 (74.8) 1,069 (74.4) 32 (91.4) 0.036 0.0

Targeted synthetic or bDMARD treatment (%) 0.930 0.0

None (%) 455 (30.9) 443 (30.8) 12 (34.3) 0.801 0.0

Abatacept (%) 142 (9.6) 140 (9.7) 2 (5.7) 0.612 0.0

IL6 (%) 165 (11.2) 162 (11.3) 3 (8.6) 0.818 0.0

TNFi (%) 390 (26.5) 379 (26.4) 11 (31.4) 0.634 0.0

JAKi (%) 36 (2.4) 36 (2.5) 0 (0.0) 0.693

Other (%) 284 (19.3) 277 (19.3) 7 (20.0) 1.000 0.0

Previous targeted synthetic or bDMARD (%) 0.611 0.0

0 202 (13.7) 199 (13.8) 3 (8.6)

1 350 (23.8) 339 (23.6) 11 (31.4)

2 307 (20.9) 299 (20.8) 8 (22.9)

3+ 613 (41.6) 600 (41.8) 13 (37.1)

Median follow-up duration (IQR) 4.42 (2.09–7.32) 4.35 (2.05–7.28) 6.57 (4.41, 8.68) 0.001 0.0

Biochemistry
Total cholesterol (mmol/L), mean (SD) 5.36 (1.17) 5.36 (1.16) 5.28 (1.53) 0.686 0.1

HDL cholesterol (mmol/L) 1.56 (0.48) 1.57 (0.48) 1.31 (0.50) 0.001 0.1

LDL cholesterol (mmol/L) 1.57 (0.87) 1.56 (0.85) 1.99 (1.46) 0.004 0.1

Triglycerides (mmol/L) 3.06 (1.01) 3.06 (1.00) 3.22 (1.30) 0.347 3.5

Non-HDL cholesterol (mmol/L) 3.79 (1.12) 3.79 (1.12) 3.97 (1.38) 0.340 0.1

Median total cholesterol to HDL ratio 3.44 (2.79–4.35) 3.42 (2.77–4.32) 4.28 (3.37–5.08) 0.001 0.1

Median triglycerides to HDL ratio 1.96 (1.42–2.66) 1.95 (1.42–2.64) 2.52 (1.71–3.43) 0.006 3.5

Median Hs-CRP (mg/L) (IQR) 2.08 (0.79–5.41) 2.06 (0.81–5.39) 2.63 (0.71–8.33) 0.548 0.0

Median NT-proBNP (pg/ml) (IQR) 81.80 (45.20–154.00) 82.00 (45.30–154.75) 73.30 (34.40–145.00) 0.595 0.7

Median Hs-cTnT (ng/L) (IQR) 4.40 (0.00–8.66) 4.32 (0.00–8.59) 5.82 (3.89–10.36) 0.014 0.7

AAA1, OD (IQR) 0.40 (0.28) 0.40 (0.28) 0.48 (0.31) 0.082 0.0

AAA1 seropositivity, n (%) 236 (16.0) 228 (15.9) 8 (22.9) 0.379 0.0

RF + ACPA seropositivity, n (%) 1,050 (78.1) 1,024 (78.2) 26 (76.5) 0.979 8.7

Mongin et al. 10.3389/fcvm.2024.1386192
and of CV deaths (AUC: 0.77, 95% CI: 0.57–0.98, p = 0.01).

Comparable AUCs were observed for atherogenic indexes

(see Supplementary Table 2). MACE occurred in similar

proportions between AAA1 seronegative and AAA1 seropositive

patients (2.2% vs. 3.4%, p = 0.38), and so did non-fatal MI and

strokes (0.8% vs. 0.4%, p = 0.83, and 1.2% vs. 1.3%, p = 1).

However, CV deaths were less frequent among AAA1

seronegative patients compared to seropositive patients (0.2% vs.

1.7%; p = 0.005).

Kaplan–Meier analyses illustrated in Figure 1 yielded

cumulative incidences for MACE of 4.85% in AAA1 seropositive

individuals vs. 4.24% in AAA1 seronegative patients (p = 0.21).

When we examined the different MACE components, the
Frontiers in Cardiovascular Medicine 05
cumulative incidences in AAA1 seropositive vs. seronegative

individuals were 2.32% vs. 0.2% (p < 0.001) for CV deaths, 1.49%

vs. 2.60% for non-fatal strokes (p = 0.89), and 1.09% vs. 1.48%

for non-fatal MI (p = 0.60), respectively.

The Poisson regression analysis (see Table 3) confirmed these

results. The IRR was increased by 1.6 (95% CI: 0.7–3.5, p = 0.22) for

MACE when comparing AAA1 seropositive and AAA1 seronegative

patients. The IRR remained unchanged after adjustment for other

potential confounding factors. For CV deaths, the unadjusted IRR

was 11.1 (95% CI: 2.1–80.3) when comparing AAA1 seropositive

and AAA1 seronegative patients; after adjustment, the IRR was 6.8

(95% CI: 1.3–49.6). AAA1 seropositivity did not predict significant

changes in the incidence of MI, stroke, or other CV events, as
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FIGURE 1

Cumulative incidences of hazards according to AAA1 seropositivity status. (A) MACE, (B) cardiovascular deaths, (C) non-fatal stroke, and (D) non-fatal
myocardial infarctions. (E) Elective coronary revascularization. p-values are given by log-rank test. The percentage is the final cumulative incidence
rate in each stratum.
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detailed inTable 3. In addition, we explored the impact of AAA1 levels

as a continuous exposure variable, rather than binary seropositivity. In

the adjusted model, each AAA1 increment of 1 AU level was

associated with a significant 2.5-fold adjusted increase (95% CI:

1.07–5.4, p = 0.03) of MACE incidence, and with a significant 8.7-

fold adjusted increase (95% CI: 1.3–60.2, p = 0.02) in the incidence
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of CV deaths. A Cox regression analysis provided similar results (see

Supplementary Table 3).

Finally, at the predefined and validated AAA1 cut-off value

of 0.64 AU, the SE, SP, NPV, and PPV for MACE were 22.8%

(95% CI: 11.4–37.1), 84.2% (95% CI: 82.2–86.0), 97.8% (95%

CI: 97.5–98.2), and 3.4% (95% CI: 1.5–5.6), respectively. The
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TABLE 3 Incidence rate ratio according to AAA1 seropositivity status and AAA1 continuous levels.

Outcome Exposure Univariable Matched analysis
MACE AAA1 seropositivity 1.64 (0.70–3.46), p = 0.22 1.43 (0.61–3.00), p = 0.38

CV deaths AAA1 seropositivity 11.13 (2.17–80.31), p = 0.005 6.87 (1.34–49.59), p = 0.03

Non-fatal MI AAA1 seropositivity 0.55 (0.03–2.90), p = 0.57 0.59 (0.03–3.09), p = 0.62

Non-fatal stroke AAA1 seropositivity 1.12 (0.26–3.39), p = 0.86 1.86 (0.43–5.63), p = 0.33

ECR AAA1 seropositivity 0.38 (0.06–1.26), p = 0.18 0.36 (0.06–1.19), p = 0.16

MACE AAA1 (AU) 2.42 (0.88–5.49), p = 0.06 2.52 (1.07–5.43), p = 0.03

CV deaths AAA1 (AU) 8.70 (1.65–29.92), p = 0.002 8.71 (1.29–60.23), p = 0.02

Non-fatal MI AAA1 (AU) 2.01 (0.25–8.50), p = 0.43 1.38 (0.13–8.95), p = 0.76

Non-fatal stroke AAA1 (AU) 1.14 (0.18–4.55), p = 0.87 1.37 (0.29–3.97), p = 0.63

ECR AAA1 (AU) 0.40 (0.07–1.66), p = 0.26 0.73 (0.15–2.92), p = 0.67

Exposure was AAA1 seropositivity and AU increase of AAA1 (AAA1 OD) for all the study endpoints (MACE, CV death, non-fatal MI, non-fatal stroke, and ECR). Adjusted

Poisson analyses were performed for each endpoint on a matched dataset based on a propensity score including age, disease duration, gender, smoking, NT-proBNP,

hs-cTnT, DAS28, HDL cholesterol, and the atherogenic indexes (total cholesterol to HDL ratio and triglyceride to HDL ratio). Incidence rate ratios are reported with

95% confidence intervals in parenthesis.
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LR+ was 1.45 (95% CI: 0.64–2.44) and the LR− was 0.92

(95% CI: 0.74–1.07).

For CV deaths, the SE, SP, NPV, and PPV were 66.7% (95% CI:

24.1–94.0), 84.2 (95% CI: 82.0–85.8), 99.8% (95% CI: 99.3–100),

and 1.7% (95% CI: 0.5–4.5), respectively. LR+ was 4.23 (95% CI:

2.37–7.54) and the LR− was 0.39 (95% CI: 0.12–1.22).

For non-fatal myocardial infarction, the SE, SP, NPV, and PPV

were 9.4% (95% CI: 0.0–27.3), 83.9% (95% CI: 81.8–85.8), 99.2%

(95% CI: 99.1–99.4), and 0.4% (95% CI: 0.0–2.7), respectively.

The LR+ was 0.59 (95% CI: 0.02–1.79) and the LR− was 1.08

(95% CI: 0.86–1.21).

For non-fatal stroke, the SE, SP, NPV, and PPV were 16.8%

(95% CI: 0.0–33.3), 83.9% (95% CI: 82.0–85.9), 98.8% (95% CI:

98.6–99.0), and 1.3% (95% CI: 0.0–2.6), respectively. The LR+

was 1.05 (95% CI: 0.02–2.17) and the LR− was 0.99 (95% CI:

0.76–2.17).
Associations with features of the lipid
paradox in RA

Spearman analyses indicated that both atherogenic indexes

correlated strongly together (r = 0.95; p < 0.0001) and modestly

with C-reactive protein high-sensitivity (Hs-CRP) (r =−0.11;
p < 0.02 for both). AAA1 were modestly and inversely correlated

with total cholesterol (r =−0.17; p < 0.0001), HDL cholesterol

(r =−0.06; p = 0.03), LDL cholesterol (r =−0.11; p < 0.0001), non-
HDL cholesterol (−0.13; p < 0.0001), and triglyceride levels

(−0.09; p < 0.001), while no correlation was found with total

cholesterol to HDL ratio (r =−0.04; p = 0.10) or triglycerides to

HDL ratio (r =−0.02; p = 0.38).
Discussion

In this large representative multicentric RA cohort, the AAA1

seropositivity rate was 16% and of the same order of magnitude

than that retrieved previously in RA (14, 34), but lower

compared to the 43% observed in systemic lupus erythematosus

(SLE). In this cohort, AAA1 seropositivity was significantly
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associated with male sex, corroborating what has been described

in RA previously (14, 34), and contrasting with the absence of

such an association in non-RA settings (18–24), including SLE

(38). This suggests the existence of a possible RA-specific AAA1

sex association, warranting further studies. While AAA1

seropositivity is associated with anti-phospholipid antibody

seropositivity in SLE (38), AAA1 were not found to be associated

with RF and/or anti-CCP antibodies in RA, confirming previous

reports (14, 34). Because all these different autoantibodies share

common expression of quantitative trait loci in the Fc gamma

receptor like 3 gene (21, 39), the absence of associations between

RA-specific autoantibodies and AAA1 suggests that other factors

than genetic predisposition may drive the AAA1 occurrence in

patients with RA.

The key finding of the present study is that a single AAA1

measure independently predicts subsequent risk of incident CV

events, which in this study were mostly driven by CV deaths.

Corroborating previous reports, including large multicenter

prospective studies performed in non-RA settings (14, 18–24, 34),

our results suggest that these autoantibodies may potentially better

predict fatal CV events than non-fatal CV ones in RA. Further

work is required to confirm or refute this assumption. Of note,

the MACE incidence of 5.2 events per 1,000 patients retrieved in

our study was overall comparable to others (8, 11, 14, 17, 40–42),

especially when one considers variations of threefold, depending

upon countries and events reporting methodology (11). The

relatively high proportion of patients on biologic disease-

modifying anti-rheumatic drug (bDMARD) therapy at baseline

could have lowered the incidence of MACE when compared to a

bDMARD naïve population (43). Even if our study design does

not allow us to ascertain causality, the strength of the associations

retrieved between AAA1 and CV deaths were at least equivalent

or even higher than what has been retrieved for established CV

risk factors in RA (41). As the data from in vitro or animal

models show, AAA1s elicit a pro-inflammatory/pro-atherogenic

response through toll-like receptor (TLR) 2/4/CD14 complex

signaling (23, 26–30), and impair HDL antioxidant function

through paraoxonase-1 inhibition (44), current hypotheses propose

that AAA1 increase CV risk by sustaining a low-grade chronic

pro-inflammatory milieu (16). In terms of potential clinical
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applications, the close to optimal NPVs observed for the primary

outcome at the redefined AAA1 cut-off (>97%, with lower limits

of 95% CI >97% as well) indicates that these autoantibodies could

be used as an initial step of a CV screening strategy in RA to rule

out individuals at increased risk. On the other hand, assessing

those autoantibodies for rule-in purposes is very unlikely.

Although our analysis shows that prediction capacity of CV deaths

by AAA1 is robust to the adjustment for various known CV risks

factors, we could not assess the ability of AAA1 to provide

incremental prognostic information over usual CV risk score in

RA (see the Limitations discussed below). Therefore, the

present results need to be replicated together with other CV

risk stratification tools before any clinical recommendations

can be made.

The fact that AAA1 seropositivity was associated with lower

total and HDL cholesterol levels is in line with previous

observations in non-RA settings (19–22). Replicating such a

pattern in RA indicates that AAA1 may potentially play a role in

the RA lipid paradox, characterized by lower total and LDL

cholesterol levels but increased CV risk (45, 46). This hypothesis

is substantiated by in vitro analyses indicating that AAA1

upregulates LDL-receptor expression and LDL uptake in

macrophages, followed by increased esterified intracellular pools of

cholesterol through acyl coenzyme A cholesterol acyltransferase

activation, in parallel to the increase of cellular cholesterol

synthesis through 3-hydroxy-3-methylglutaryl CoA reductase

activation in a TLR2/4/CD14-dependent manner (26). The

hypothesis that inflammatory stimuli favors shifting of extracellular

lipids toward intracellular pools, leading to generate foam cells

(26), provides an appealing explanation of the lipid paradox in RA

in AAA1 seropositive individuals. Because the lipid paradox plays

a key role in the underestimation of cardiovascular disease (CVD)

risk in RA by common stratification tools (45), understanding the

role of these autoantibodies is important for our understanding of

CVD development in immune-mediated diseases.

The present study has some limitations. First, there were a

limited number of events during follow-up, which prevented us

from performing more extensive adjusted analyses and resulted

in large confidence intervals of the estimators. The reason for

such a low event number is mainly a limited follow-up. Second,

we could not generate previously reported scores (Framingham

Risk Score, SCORE2, QRISK) (8, 10–14), mostly due to the

fact that arterial blood pressure was not recorded in the SCQM

CRF. Knowing whether AAA1 enhances the performance of

these previously reported CV risk stratification scores warrants

additional studies but has been demonstrated by the same team

in another cohort previously (14). A further limitation is that we

could not evaluate the link between those antibodies and HDL

function in the present study. As HDL function is gaining

momentum in RA (46) and because AAA1 may promote the loss

of HDL antioxidant properties (44), such field would be worth

further exploration. Due to the limited number of samples and

the fact that no standardized method exists regarding HDL

function evaluation, we could not explore this aspect in top of

the association between AAA1 and the lipid paradox in RA.

Finally, as a biomarker phase 3 study designed to validate
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previous findings on the CV predictive ability of AAA1, we did

not measure other autoantibodies of potential interest in RA,

such as RF, anti-CCP, or anti-HDL antibodies (15, 17, 30, 31,

33). To our knowledge, this is the first large-scale confirmation

of the CV prognostic value of AAA1, which are, to date, the

most extensively characterized autoantibodies of the anti-HDL

family from an analytical, biological, and clinical standpoint

(14, 16, 18–30, 32).

In conclusion, this study performed at a large multicentric scale

indicates that AAA1 represent independent predictors of CV death

in RA and are associated with the lipid paradox susceptible to

contribute to the underestimation of CV risk in these patients.

However, their potential incremental value over current risk

stratification tools remains to be demonstrated before any clinical

recommendations can be made.
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