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Autoantibodies and the Risk of Cardiovascular Events
KIMBERLY P. LIANG, HILAL MARADIT KREMERS, CYNTHIA S. CROWSON, MELISSA R. SNYDER,
TERRY M. THERNEAU, VERONIQUE L. ROGER, and SHERINE E. GABRIEL

ABSTRACT. Objective.Inflammation and autoimmunity are associated with increased cardiovascular (CV) risk
in patients with rheumatoid arthritis. This association may also be present in those without rheumatic
diseases. Our purpose was to determine whether rheumatoid factor (RF), antinuclear antibody
(ANA), and cyclic citrullinated peptide antibody (CCP) positivity are associated with increased risk
of CV events and overall mortality in those with and without rheumatic diseases.
Methods.We performed a population-based cohort study of all subjects who had a RF and/or ANA
test performed between January 1, 1990, and January 1, 2000, and/or CCP test performed between
September 1, 2003, and January 1, 2005, with followup until April 1, 2007. Outcomes were ascer-
tained using diagnostic indices from complete medical records, including CV events [myocardial
infarction (MI), heart failure (HF), and peripheral vascular disease (PVD)] and mortality. Cox mod-
els were used to analyze the data.
Results.There were 6783 subjects with RF, 7852 with ANA, and 299 with CCP testing. Of these,
10.4%, 23.9%, and 14.7% were positive for RF, ANA, and CCP, respectively. Adjusting for age, sex,
calendar year, comorbidity, and rheumatic disease, RF and ANA positivity were significant predic-
tors of CV events [hazard ratio (HR) 1.24 and 1.26] and death (HR 1.43 and 1.18). Adjusting for age,
CCP positivity was associated with CV events, but this association was not statistically significant
(HR 3.1; 95% CI 0.8, 12.3).
Conclusion.RF and ANA positivity are significant predictors of CV events and mortality in both
those with and those without rheumatic diseases. These results support the role of immune dysregu-
lation in the etiology of CV disease. (First Release Oct 15 2009; J Rheumatol 2009;36:2462–9;
doi:10.3899/jrheum.090188)
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Understanding of the pathogenesis of cardiovascular (CV)
disease entered a new era since the recognition of the role of
inflammation in atherothrombosis1,2. The bulk of the evi-
dence to date suggests that atherosclerosis is in large part a

chronic inflammatory disease that can manifest with an
acute clinical event by plaque rupture and thrombosis.
It has long been recognized that patients with systemic

inflammatory autoimmune diseases are at increased risk of
CV disease3,4. Moreover, disease-related factors such as
markers of systemic inflammation are associated with CV
events in such patients5,6. Another disease-related factor that
may mediate atherosclerosis is the presence of autoimmuni-
ty or immune dysregulation. Indeed, patients with rheuma-
toid arthritis (RA) who are seropositive for rheumatoid fac-
tor (RF) have a higher risk of CV events and mortality than
seronegative patients with RA7. An intriguing question is
whether autoimmunity, as evidenced by presence of autoan-
tibodies, may be associated with increased CV risk not only
in those with rheumatic diseases, but also in patients with
seropositivity but without clinical rheumatic disease activi-
ty. This is especially important because a better understand-
ing of the role of autoimmunity in CV disease may have
prognostic implications, and may clinically affect CV dis-
ease prediction and prevention strategies for both patients
with and those without rheumatic diseases.
The purpose of our study was to determine the relation-

ship between the commonly tested autoantibodies RF and
antinuclear antibody (ANA) and the risk of CV events in
individuals with and without rheumatic diseases. We also
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explored the association between cyclic citrullinated peptide
(CCP) antibody and the risk of CV events in those with and
without rheumatic diseases. A secondary objective was to
examine the possible effect of confounding by indication for
autoantibody testing on these results.

MATERIALS AND METHODS
Data collection. Using the resources of the Rochester Epidemiology
Project8, we identified all Olmsted County residents who had RF and/or
ANA testing between January 1, 1990, and January 1, 2000, and/or CCP
testing between September 1, 2003, and January 1, 2005 (due to availabil-
ity of CCP testing at our institution). All subjects were followed up until
April 1, 2007. The institutional review boards of the Mayo Foundation and
Olmsted Medical Center approved this study.

Data were transcribed from the medical record or electronically
retrieved, including the RF, CCP, and ANA test results; dates of first tests;
and dates of first positive tests within the respective timeframes for all sub-
jects. If a patient had multiple testing within the respective timeframes,
only the date and result of the first positive test in the timeframe were
analyzed.

The test results were separated into positive or negative to account for
changes in reference ranges and testing methods over time. RF testing was
performed by nephelometry (BeckmanAuto ICS system, Beckman Coulter,
Fullerton, CA, USA) for mostly IgM RF, or latex agglutination assay (Dade
RapiTex kit) for IgG RF. ANA testing was performed by immunofluores-
cence using HEp-2 cells (Kallestad HEp-2 Kit, Bio-Rad Laboratories,
Hercules, CA, USA) or ELISA using a HEp-2 cell lysate as the antigen
source (ANAScreening Test, Bio-Rad Laboratories). Anti-CCP testing was
performed by enzyme immunoassay (Diastat Anti-CCP EIA, Axis-Shield,
Dundee, UK). Positive results were defined by the reported clinical labora-
tory standards, as follows: RF positivity was ≥ 40 IU/ml or a semiquantita-
tive titer of 1:80 or greater, ANA positivity was ≥ 1.0 U or a titer of 1:40 or
greater, and CCP positivity was > 5.0 U/ml. In addition, for RF, “weak pos-
itives” were defined as 40–79 IU/ml or a semiquantitative titer of 1:80, and
“strong positives” were defined as ≥ 80 IU/ml or a titer of 1:160 or greater.
For ANA, weak positives were defined as 1.0–3.0 U or a titer between 1:40
and 1:160, and strong positives were defined as ≥ 3.0 U or a titer of 1:320
or greater.

CV outcomes and comorbid conditions were ascertained using the elec-
tronic indices of diagnoses [International Classification of Diseases, 9th ed
(ICD-9) codes] recorded from the complete (inpatient and outpatient) com-
munity medical records (seeAppendix for ICD-9 code list). Cardiovascular
outcomes included myocardial infarction (MI), heart failure (HF), periph-
eral vascular disease (PVD), and overall mortality. Comorbid conditions
included rheumatic diseases, infections (including those that may produce
false-positive RF tests), nonrheumatic autoimmune diseases (including
autoimmune thyroid, liver, and pulmonary disease; seeAppendix), diabetes
mellitus, cerebrovascular disease, dementia, chronic pulmonary disease,
peptic ulcer disease, liver disease, renal disease, and malignancy9,10.
Rheumatic disease diagnoses included rheumatoid arthritis (RA),
polymyalgia rheumatica (PMR), systemic lupus erythematosus (SLE), and
other connective tissue diseases (CTD). Vital status was ascertained by uti-
lizing death certificates and the medical records, as described6.

The presence of comorbid conditions and CV outcomes was recorded
as present at baseline (i.e., at time of testing) or date of first (incident) diag-
nosis during followup until April 1, 2007. In addition to diabetes mellitus,
information on additional CV risk factors including presence of high blood
pressure, high cholesterol, smoking (ever vs never), and alcohol use (ever
vs never) was also ascertained electronically from the medical record.

To address the secondary aim of examining potential confounding by
indication for autoantibody testing, 3 random samples of subjects who did
not receive a RF, CCP, or ANA test were selected from among those who
received medical care in Olmsted County, matched electronically on age,

sex, and length of medical record to respective sample groups of subjects
tested for the respective autoantibodies. Presence of comorbid conditions
and rheumatic diseases was ascertained electronically in both the groups of
subjects who did and the control groups who did not receive autoantibody
testing.

Statistical analysis.We used Cox proportional hazards models to test the
hypotheses that RF, ANA, and CCP positivity are associated with an
increased risk of CV events and mortality. Patients with CV events prior to
autoantibody testing were excluded from these analyses. The combined
event “MI, HF, or PVD” was defined as the first occurrence of any of the 3
events. All models were started 6 months after the first autoantibody test
within the timeframe. Multivariable Cox models were used to examine the
effect of RF, ANA, and CCP positivity after adjusting for age, sex, calen-
dar year, chronic disease comorbidities, and the presence of rheumatic dis-
ease. The development of rheumatic diseases was tracked through each
subject’s total followup as a time-dependent covariate, taking advantage of
our extensive surveillance of the population.

Additionally, to examine the robustness of our findings, we performed
the above analyses for “weak” and “strong” RF andANApositivity, as well
as in the absence of rheumatic disease, i.e., with subjects censored at diag-
nosis of rheumatic disease. In additional analyses we also adjusted for other
CV risk factors including high blood pressure, high cholesterol, smoking,
and alcohol use, in the subset of patients for whom these data were avail-
able electronically.

In supplementary analyses to address the potential bias of confounding
by indication, we used Cox proportional hazards models to examine the
potential effect of being tested for RF or ANA by comparing the develop-
ment of CV outcomes in a 10% random sample of individuals tested for RF
or ANA compared to individuals matched by age, sex, and length of med-
ical record who were not tested for RF or ANA, respectively. Two controls
who were not tested were matched to each of the tested patients.
Distributions of demographics and characteristics of those tested and not
tested were compared using chi-squared tests. Multivariable models were
again adjusted for age, sex, calendar year, chronic disease comorbidities,
and presence of rheumatic disease.

RESULTS
There were 6783 subjects who underwent RF testing, 7852
with ANA testing and 299 with CCP testing. Table 1 shows
the demographics, followup, and percentages of subjects
tested positive for autoantibodies and those who had or who
developed RA, SLE, PMR, and other CTD, at time of testing
or over time, as well as the percentages of patients with pos-
itive tests for autoantibodies who developed rheumatic dis-
eases. The mean length of followup was 9.4 years for RF, 9.2
years for ANA, and 2.5 years for CCP-tested individuals.
Table 2 shows the effect of positivity for RF or ANA on

the risk of CV outcomes and death, in multivariable models
both before and after adjustment for the presence of rheu-
matic diseases. After adjusting for age, sex, calendar year,
and comorbidities, a positive RF test was a significant pre-
dictor of MI, HF, or PVD [hazard ratio (HR) 1.32, 95% con-
fidence interval (CI) 1.10, 1.59] and death (HR 1.55, 95%
CI 1.33, 1.80). After further adjustment for the presence of
rheumatic diseases, RF positivity remained a significant
predictor of MI, HF, or PVD (HR 1.24, 95% CI 1.01, 1.51)
and a strong predictor of death (HR 1.43, 95% CI 1.21,
1.68). Most of the increased risk of CV outcomes appeared
to result from an increased risk of MI and HF (Table 2).
We also analyzed the risk of CV outcomes associated
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with weakly positive and strongly positive RF. Only strong-
ly positive RF conferred an excess risk of MI, HF, or PVD
(HR 1.42, 95% CI 1.13, 1.79) and death (HR 1.62, 95% CI
1.35, 1.93), which was significant even after adjusting for
the presence of rheumatic diseases (Table 3). There was no
increased CV risk associated with weakly positive RF,
either before or after adjustment for rheumatic disease
(Table 3).
ANA positivity was also a significant predictor of MI,

HF, or PVD (HR 1.28, 95% CI 1.10, 1.48) and death (HR
1.19, 95% CI 1.05, 1.35) (Table 2). After further adjustment
for the presence of rheumatic diseases, ANA positivity still
remained a significant predictor of CV events and death,
but most of the increased risk of CV outcomes appeared to
result from an increased risk of MI and PVD (Table 2).
In contrast to the analyses of weak and strong positive

RF, we found an increased risk of CV outcomes from both
weak and strong ANA positivity (Table 3). There was a sig-
nificantly increased risk of MI, HF, or PVD (HR 1.23, 95%

CI 1.06, 1.43) and death (HR 1.17, 95% CI 1.03, 1.33) from
weakly positive ANA, which remained significant after
adjustment for the presence of rheumatic diseases. After
adjustment for rheumatic diseases, there was an almost
2-fold increased risk of MI, HF, or PVD associated with
strongly positive ANA. There was also a trend towards a
higher risk of death (HR 1.31, 95% CI 0.82, 2.07), although
the small numbers of patients with strongly positive ANA
led to wider CI for this outcome.
Of note, for both ANA and RF, when adjustment for

comorbidities was expanded to include infections and non-
rheumatic autoimmune disorders, the results remained
essentially unchanged (data not shown). In addition, after
further adjustment for other CV risk factors, the results
again remained essentially unchanged (risk of MI, HF, or
PVD associated with RF, HR 1.26, 95% CI 0.96, 1.65; and
associated with ANA, HR 1.25, 95% CI 1.02, 1.52), but the
CI were slightly wider, as expected following these addi-
tional adjustments.

Table 1. Characteristics of subjects who received autoantibody testing.

Autoantibody
Characteristic RF ANA CCP

No. subjects tested 6783 7852 299
No. positive (%) 703 (10.4) 1877 (23.9) 44 (14.7)
Female, n (%) 4706 (69.4) 5408 (68.8) 212 (70.9)
Age at first test (mean ± SD), yrs 49.7 ± 17.0 47.5 ± 17.0 54.5 ± 15.8
Length of followup (mean ± SD), yrs 9.4 ± 4.9 9.2 ± 5.0 2.5 ± 0.8
Patients who had rheumatic diseases (at time of testing or overtime)
Rheumatoid arthritis, n (%) 831 (12.2) 591 (7.5) 158 (52.8)
Systemic lupus erythematosus, n (%) 114 (1.7) 159 (2.0) 15 (5.0)
Polymyalgia rheumatica, n (%) 246 (3.6) 190 (2.4) 28 (9.4)
Other connective tissue disease, n (%) 114 (1.7) 130 (1.7) 18 (6.0)
Any of the above rheumatic diseases, n (%) 1147 (16.9) 943 (12.0) 182 (60.9)

Patients who had rheumatic diseases (among those with positive tests)
Any of the above rheumatic diseases, n(%) 456 (64.9) 431 (23.0) 42 (95.4)

RF: rheumatoid factor; ANA: antinuclear antibody; CCP: cyclic citrullinated peptide antibody.

Table 2. Risk of autoantibody positivity on cardiovascular outcomes and death.

Autoantibody Outcome Events Hazard Ratio (95% CI)
Unadjusted for Presence of Adjusted for Presence of

Rheumatic Disease* Rheumatic Disease*

RF MI 365 1.36 (1.03, 1.79) 1.22 (0.91, 1.64)
HF 499 1.47 (1.17, 1.84) 1.36 (1.07, 1.73)
PVD 507 1.13 (0.88, 1.46) 1.08 (0.82, 1.43)

MI, HF, or PVD** 871 1.32 (1.10, 1.59) 1.24 (1.01, 1.51)
Death 998 1.55 (1.33, 1.80) 1.43 (1.21, 1.68)

ANA MI 371 1.32 (1.06, 1.65) 1.29 (1.03, 1.61)
HF 502 1.13 (0.93, 1.38) 1.11 (0.92, 1.35)
PVD 522 1.37 (1.13, 1.66) 1.35 (1.12, 1.64)

MI, HF, or PVD** 890 1.28 (1.10, 1.48) 1.26 (1.09, 1.46)
Death 1142 1.19 (1.05, 1.35) 1.18 (1.04, 1.34)

* Adjusted for age, sex, calendar year, comorbidity. ** Defined as first occurrence of any of the 3 events. RF:
rheumatoid factor; ANA: antinuclear antibody; MI: myocardial infarction; HF: heart failure; PVD: peripheral
vascular disease; comorbidity: Charlson9 category comorbidities.
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We performed additional analyses on the risk of CV out-
comes associated with positivity for RF and ANA in the
absence of rheumatic disease, i.e., with subjects censored at
diagnosis of rheumatic disease. These results were essen-
tially unchanged from the data presented in Table 2 (data not
shown).
Due to the short followup time and small numbers of

events among those tested for CCP, analyses regarding risk
of CV outcomes in CCP-positive individuals were limited.
After adjustment for age alone, CCP positivity was associ-
ated with MI, HF, or PVD but was not statistically signifi-
cant (HR 3.11, 95% CI 0.8, 12.3), and it appeared to be a
predictor of death (HR 7.89, 95% CI 1.8, 34.5). However,
there were too few events and too short followup time to
analyze the risk of CCP positivity on CV outcomes after
adjustment for rheumatic diseases.
Subgroup analyses of the risk of CV events and death

associated with RF and ANA positivity in men compared to
women is shown in Table 4. After adjustment for age, cal-
endar year, comorbidity, and presence of rheumatic dis-
eases, the risk of MI, HF, or PVD was significantly
increased in RF-seropositive men but not in women. In addi-
tion, we observed a significantly increased risk of death in
both men and women associated with RF positivity. For

ANA positivity, there was a significantly increased risk of
MI, HF, or PVD in both men and women, as well as death
in women. Although not statistically significant, there was
also a trend for increased risk of death in men with ANA
positivity.
Finally, we examined the potential for confounding by

indication for autoantibody testing. Table 5 shows the char-
acteristics and chronic disease comorbidities in subjects
tested for RF or ANA versus subjects who were not tested
for RF or ANA, respectively. As expected, there was a high-
er proportion of rheumatic diseases in those tested for
autoantibodies versus those not tested. However, the pro-
portions of chronic disease comorbidities were similar
between both groups. Table 6 shows the results of Cox pro-
portional hazards models comparing the risk of CV events
in individuals tested for RF or ANA versus control groups
matched on age, sex, and length of medical record who were
not tested for RF or ANA. There was no evidence for an
increased risk of either CV events or death among those test-
ed for RF or ANA compared to those not tested, after adjust-
ment for age, sex, calendar year, comorbidity, and presence
of rheumatic disease (p > 0.16 for all comparisons). These
findings argue against the existence of significant con-
founding by indication.

Table 3. Risk of “weak” versus “strong” autoantibody positivity on cardiovascular outcomes and death.

Autoantibody Outcome Hazard Ratio (95% CI)
Unadjusted for Presence of Adjusted for Presence of

Rheumatic Disease* Rheumatic Disease*

Weak† RF MI, HF, or PVD** 0.93 (0.64, 1.36) 0.90 (0.61, 1.31)
Death 1.04 (0.76, 1.43) 0.98 (0.71, 1.34)

Strong† RF MI, HF, or PVD** 1.53 (1.24, 1.89) 1.42 (1.13, 1.79)
Death 1.75 (1.48, 2.07) 1.62 (1.35, 1.93)

Weak††ANA MI, HF, or PVD** 1.24 (1.07, 1.44) 1.23 (1.06, 1.43)
death 1.19 (1.04, 1.35) 1.17 (1.03, 1.33)

Strong††ANA MI, HF, or PVD** 1.90 (1.21, 2.98) 1.87 (1.19, 2.94)
Death 1.34 (0.85, 2.13) 1.31 (0.82, 2.07)

* Adjusted for age, sex, calendar year, comorbidity. ** Defined as first occurrence of any of the 3 events.†Weak
positive RF = 1:80 or 40–79 IU/ml; strong positive RF = 1:160 or ≥ 80 IU/ml; HR for weak and strong positive
compared to normal RF.††Weak positive ANA = 1:40 to 1:160 or 1–3 U; strong positive ANA = 1:320 or ≥ 3 U;
HR for weak and strong positive compared to normal ANA. . RF: rheumatoid factor; ANA: antinuclear antibody;
MI: myocardial infarction; HF: heart failure; PVD: peripheral vascular disease; comorbidity: chronic disease
comorbidities9.

Table 4. Risk of cardiovascular outcomes associated with autoantibodies in men versus women.

Autoantibody Outcome Events Hazard Ratio (95% CI)*
Men Women Men Women

RF MI, HF, or PVD** 313 558 1.46 (1.04, 2.04) 1.14 (0.88, 1.46)
Death 382 616 1.31 (1.00, 1.71) 1.56 (1.27, 1.92)

ANA MI, HF, or PVD** 310 580 1.40 (1.07, 1.82) 1.22 (1.02, 1.45)
Death 475 667 1.17 (0.95, 1.44) 1.20 (1.02, 1.41)

* Adjusted for age, calendar year, comorbidity, and presence of rheumatic disease. ** Defined as first occurrence
of any of the 3 events. RF: rheumatoid factor; ANA: antinuclear antibody; MI: myocardial infarction; HF: heart
failure; PVD: peripheral vascular disease; comorbidity: chronic disease comorbidities9.
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DISCUSSION
It has long been recognized that autoimmune diseases such
as RA and SLE are associated with increased mortality and
an increased risk of CV disease, which is not explained by
traditional CV risk factors alone4,11,12. This increased risk is
likely due to disease-related factors, including both systemic
inflammation and immune dysregulation. Importantly, both
systemic inflammation and immune dysregulation, includ-
ing autoantibody production, may occur even in the absence
of autoimmune rheumatic diseases, and these factors could
contribute to the pathogenesis of atherosclerosis13,14. In our
study, we show that immune dysregulation, as manifested
by the presence of the commonly tested autoantibodies RF
and ANA, is associated with CV events and overall mortal-
ity both in those with and those without rheumatic diseases.
Inflammation [as studied through elevations in C-reac-

tive protein (CRP) and/or erythrocyte sedimentation rate]
contributes to increased risk of CVD, both in patients with
autoimmune diseases and in the general population1,2,5,15,16.
Besides systemic inflammation, another hallmark of auto-

immune diseases is immune dysregulation, manifested by
the presence of autoantibodies, which may also be important
in mediating CV risk. Indeed, RF positivity has been found
to predict mortality in several studies of patients with
RA7,17. Similarly, CCP, an increasingly utilized autoanti-
body test, has been found to predict radiographic progres-
sion and mortality in RA18,19. Hence, CCP appears to be a
marker, like RF, that portends a more aggressive disease
course, along with higher degrees of systemic inflammation.
However, unlike RF, overall there have been generally few
population-based studies assessing the risk of CV morbidity
and mortality from CCP.
It is also well established that patients with SLE are at

increased risk of premature coronary atherosclerosis4,20.
Perhaps more than any other autoimmune disease, a hall-
mark of SLE is the presence of autoantibodies, in particular
ANA. In one study, high titers of serumANA, mostly direct-
ed against nucleolar antigens, were associated with athero-
sclerosis in patients without any autoimmune disorder21.
However, again, overall there are few studies, either epi-

Table 5. Characteristics of subjects with autoantibody testing vs control subjects without autoantibody testing.

Characteristic RF ANA
Subjects with Subjects Without Subjects with Subjects Without
AutoAb Testing AutoAb Testing AutoAb Testing AutoAb Testing

No. 664 1259 772 1470
Female, n (%) 457 (68.8) 868 (68.9) 539 (69.8) 1032 (70.2)
Age at first test/index (mean ± SD), yrs 50.0 ± 16.6 49.0 ± 16.5 47.8 ± 16.6 47.1 ± 16.6
Length of followup (mean ± SD), yrs 9.7 ± 4.7 9.6 ± 4.7 9.5 ± 4.7 9.5 ± 4.8
Chronic disease comorbidities at time of testing/index, n (%)
Diabetes mellitus 46 (6.9) 70 (5.6) 45 (5.8) 70 (4.8)
Liver disease 11 (1.7) 20 (1.6) 21 (2.7) 24 (1.6)
Cerebrovascular disease 45 (6.8) 75 (6.0) 52 (6.7) 68 (4.6)*
Chronic pulmonary disease 97 (14.6) 182 (14.5) 115 (14.9) 188 (12.8)
Peptic ulcer 51 (7.7) 69 (5.5) 53 (6.9) 84 (5.7)
Renal disease 17 (2.6) 35 (2.8) 22 (2.8) 31 (2.1)
Malignancy 52 (7.8) 107 (8.5) 64 (8.3) 131 (8.9)

Patients who had rheumatic diseases (at time of testing/index or over time)
Rheumatoid arthritis, n (%) 80 (12.0) 40 (3.2)** 53 (6.9) 47 (3.2)**
Systemic lupus erythematosus, n (%) 8 (1.2) 6 (0.5) 16 (2.1) 9 (0.6)**
Polymyalgia rheumatica, n (%) 21 (3.2) 17 (1.4)** 20 (2.6) 24 (1.6)

Other connective tissue disease, n (%) 12 (1.8) 3 (0.2)** 11 (1.4) 4 (0.3)**

* Those with testing compared to those without testing, p < 0.01, ** p < 0.05. RF: rheumatoid factor; ANA: antinuclear antibody.

Table 6. Risk of cardiovascular outcomes in subjects with autoantibody testing vs matched control subjects
without autoantibody testing.

Autoantibody Outcome Events Hazard Ratio (95% CI)*

RF MI, HF, or PVD** 230 1.04 (0.78, 1.37)
Death 264 0.95 (0.73, 1.24)

ANA MI, HF, or PVD** 215 1.20 (0.93, 1.56)
Death 218 0.93 (0.73, 1.19)

* Adjusted for age, sex, calendar year, comorbidity, and presence of rheumatic disease. ** Defined as first occur-
rence of any of the 3 events. RF: rheumatoid factor; ANA: antinuclear antibody; MI: myocardial infarction; HF:
heart failure; PVD: peripheral vascular disease; HR: hazard ratio; comorbidity: chronic disease comorbidities9.
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demiologic or pathophysiologic, examining the possible
role of ANA in predicting or mediating atherogenesis.
The vast amount of research on CVD risk in the rheu-

matic diseases, and in particular, the increased risk of CV
outcomes in seropositive patients with RA, has potential
implications for understanding the pathogenesis of athero-
sclerosis. Specifically, if the presence of autoantibodies such
as RF and ANA contributes to the increased CVD risk in
patients with rheumatic diseases, perhaps they also con-
tribute to increased CVD risk in those without clinically evi-
dent rheumatic diseases. So far, few studies have addressed
this important research question. In a cross-sectional study
in England, RF was found to be associated with a 3-fold
increased risk of ischemic events in men22. Yet there was no
significant association between RF and ischemic disease in
women, or between ANA or anticardiolipin antibody and
ischemic disease in men or women. In a case-control study
from eastern Finland, RF and ANA, as determined from
baseline specimens, were shown to predict cardiovascular
mortality, but the effect was mainly confined to subjects
who were seropositive for RF, as there were very small
numbers of subjects with positive ANA tests23. In another
longitudinal population-based Finnish study, patients with-
out arthritis with “false-positive RF” titers of ≥ 128 were
found to have a 74% increased risk of CV deaths24. Further,
in RA and Felty’s syndrome, RF was shown to augment
immunoglobulin binding to endothelial cellsin vitro, and
antiendothelial cell antibodies were detected in RA, Felty’s
syndrome, SLE, and lupus anticoagulant sera25. In otherin
vitro studies, additional autoantibodies have also been
implicated in endothelial cell dysfunction, which is one of
the first steps in atherogenesis; we have recently reviewed
this literature26.
Despite these studies, the potential role of autoantibodies

in predicting CV risk and mortality in those without rheu-
matic disease remains unclear. First, the results were con-
flicting regarding ANA positivity, with one showing no
increase in ischemic heart disease in ANA-positive men or
women22, and the other suggesting an increase in CV
death23. Second, it was not clear whether the observed asso-
ciations were due to the presence of rheumatic disease in
those tested positive for autoantibodies. Third, there were
few data on the risk of specific CV events such as MI, HF,
or PVD. Finally, there was little evidence for gender differ-
ences between the risk of heart disease in those with RF pos-
itivity, with only one study showing that RF positivity pre-
dicted CVD in men but not women22.
Our study extends these earlier observations, by demon-

strating that both RF and ANA positivity are predictive of
CV events and mortality both in those with and those with-
out rheumatic diseases. This finding lends further support to
the hypothesis of immune dysregulation playing an impor-
tant role in atherosclerosis even in those without rheumatic
diseases. In addition, these findings were consistent in both

men and women. Further, our study is the first to demon-
strate a “dose effect” where both “strong positive” RF and
ANA had a greater effect on risk of CV outcomes than
“weak positive” RF and ANA. In addition, while we cannot
entirely eliminate the possibility of confounding by indica-
tion of autoantibody testing, our findings are unlikely to be
the result of it, as there was no significant difference in risk
of CV outcomes in patients tested for autoantibodies com-
pared to patients not tested for them.
Potential limitations of our study include lack of data on

CRP values that may potentially act as an effect modifier,
short followup time for CCP testing and small numbers of
CCP-positive individuals, limited generalizability to differ-
ent populations, possible incomplete assessment of con-
founding by indication since chronic disease comorbidities
do not include acute conditions that may potentially be asso-
ciated with autoantibody positivity, and lack of validation
of rheumatic and CV disease diagnoses using established
classification criteria. Nevertheless, the potential for mis-
classification would be expected to be similar in both those
with and without autoantibody testing, as well as those pos-
itive versus negative for autoantibody tests. Even if there
was systematic bias in misclassifying those with positive
autoantibody tests as having rheumatic diseases, analyses
adjusting for the occurrence of rheumatic disease would be
biased toward the null. While our findings were statistical-
ly significant, the estimated risks of RF and ANA positivi-
ty on CV outcomes were modest (HR < 2), indicating that
RF and ANA contribute only modestly to CV risk. Finally,
another limitation was that our study included RF and ANA
testing by different methods. However, the enzyme
immunoassay and indirect immunofluorescence methods of
ANA testing performed at our institution have been com-
prehensively evaluated in the past and found to be essen-
tially equivalent27.
Our study also has several strengths. It is the first to

investigate the predictive value of CCP positivity on CV
events and mortality, and one of the few to investigate the
predictive value of RF andANApositivity on CV events and
mortality in subjects without clinically evident rheumatic
diseases. Our study also investigated the possibility that the
relationship between autoantibody testing and development
of CV events and mortality may be affected by confounding
by indication, which lends greater validity to the results.
Mean followup was long (~ 9 yrs for RF and ANA) and
complete for all autoantibody testing and clinically recog-
nized CV outcomes and rheumatic diseases.
Our results support an important role of the autoantibod-

ies RF andANA in mediating cardiovascular disease in both
individuals with and those without clinically evident rheu-
matic diseases, and provide hypothesis-generating insights
into potential pathogenetic mechanisms of atherosclerosis.
The presence of autoantibodies as a marker of immune dys-
regulation, while traditionally thought of as “false-positive”
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clinically, may have potential implications for future CV
risk. Further investigations regarding the role of autoanti-
bodies in the pathogenesis of atherosclerosis and cardiovas-
cular disease are needed.
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