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Association of Autoimmune Vasculitis and
Incident Atrial Fibrillation: A Population-Based
Case-Control Study

Rowlens M. Melduni “=, MD, MPH; Leslie T. Cooper “*/, MD; Bernard J. Gersh =, MB, ChB, DPhil;
Kenneth J. Warrington, MD; Kent R. Bailey, PhD; Marian T. McEvoy, MD; Hirohito Kita, MD; Hon-Chi Lee, MD, PhD

BACKGROUND: Recent investigations suggest that inflammation and autoimmunity might have a role in the pathophysiology of
atrial fibrillation (AF). Given that abnormal ventriculovascular coupling often coexists with AF, we hypothesize that autoimmune
vasculitis plays a significant role in the pathogenetic mechanism of AF.

METHODS AND RESULTS: A standardized retrospective population-based case—control study was conducted to evaluate the
association between autoimmune vasculitis and AF, and all-cause mortality. The study included 8459 patients with a new di-
agnosis of AF and 8459 age-, sex-, and registration calendar year—-matched controls in Olmsted County, Minnesota, between
January 1, 1980 and December 31, 2010. The association of each clinical characteristic, diagnosis, and treatment was as-
sessed using conditional logistic regression to account for the matched case—control study design. Cox proportional hazards
regression models and Kaplan-Meier curves were used to detect independent predictors of mortality and examine cumulative
survival. Of a total of 16 918 patients (mean age 72.3+14.4 years; 48.7% women), 320 (1.9%) were diagnosed with autoimmune
vasculitis before the index date during the 30-year period. Among the cases, the prevalence of any autoimmune vasculitis was
2.3%, whereas the frequency of autoimmune vasculitis in controls was 1.5% (P<0.001). After adjusting for potential confound-
ers, the odds of autoimmune vasculitis in AF cases was 1.5 times higher than in controls (odds ratio, 1.47; 95% Cl, 1.04-2.01;
P=0.03). Patients with AF and autoimmune vasculitis had worse 5-year survival than those without autoimmune vasculitis or
AF (44.7% versus 77.2%; log-rank P<0.001).

CONCLUSIONS: Autoimmune vasculitis is significantly associated with AF and independently confers worse survival. These
observations may represent one mechanism linking autoimmunity and inflammation to the pathogenesis and prognosis of AF.
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idemic and contributes to substantial morbidity

and mortality.? Although many risk factors for AF

have been identified, its underlying pathogenic mech-
anisms remain elusive. The public health burden of
AF, combined with significant gaps in our knowledge
about its pathogenesis and the lack of effective treat-
ment, underscores the critical need for new research.
Emerging evidence increasingly suggests an as-
sociation between autoimmune disorders and AF.®4
Anti-M2  receptor,® anti-B-adrenergic receptor,®

Atrial fibrillation (AF) is an alarmingly growing ep-

anti-heat shock protein,” anti-Na+/K+ pump,® and
antimyosin autoantibodies® have been shown to be
implicated in AF. 912 These autoantibodies can in-
duce inflammation and atrial fibrosis,*'® predisposing
the atrial myocardium to the development of AF'* and
suggesting that autoimmunity may be an important
mechanism in AF pathogenesis. However, data on the
association of autoimmune diseases with AF remain
limited.

Althoughthe pathogenesis and maintenance of AF
may be multifactorial, abnormal ventriculovascular
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CLINICAL PERSPECTIVE
What Is New?

e This large-scale population-based study is the
first to analyze the role of autoimmune vasculitis
in the development and prognosis of atrial fibril-
lation (AF).

¢ |n this study, autoimmune vasculitis was signifi-
cantly associated with incident AF cases com-
pared with non-AF controls.

e AF was more strongly associated with overall
mortality in the presence than the absence of
autoimmune vasculitis.

What Are the Clinical Implications?

e QOur findings suggest that a preexisting autoim-
mune process may be a potential mechanistic
link to the development of new-onset AF.

e Further research is needed to elucidate the
underlying pathogenetic mechanisms that link
these conditions.

homeostatic mechanisms may also play a primary
role in the development of AF by increasing ven-
tricular filling pressures and, consequently, left atrial
pressure and stretch.'®'" A previous study from the
Framingham Heart Study Offspring cohort exam-
ined the relationship between new-onset AF and
tonometry measures of arterial stiffness. Results
showed that higher pulsatile load assessed by
central pulse pressure and greater apparent wave
reflection were associated with increased risk of in-
cident AF. These noninvasive measures, which are
known to predispose to left ventricular hypertrophy,
diastolic heart failure, and left atrial enlargement,
may be intermediate phenotypes of underlying
cardiovascular disease associated with increased
risk of incident AF.'6'819 |n this study, we sought to
determine the role of autoimmune vasculitis in the
development and prognosis of AF using a popula-
tion-based approach. We hypothesize that autoim-
mune vasculitis, a systemic disease characterized
by inflammation and fibrinous necrosis of blood
vessel walls,?0 is significantly associated with inci-
dent AF.

METHODS

The data that support the findings of this study are
available from the corresponding author on reason-
able request. The study was approved by the Mayo
Clinic and Olmsted Medical Center institutional re-
view boards. The requirement of informed consent
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was waived for the retrospective review of medical
records.

Study Design

A case—control study of risk factors for incident AF was
conducted to determine the prevalence of autoimmune
vasculitis and the associated impact on all-cause mor-
tality in patients with AF in the community compared
with age- and sex-matched controls.

Data Source

The study was conducted in Olmsted County,
Minnesota, which had an estimated population of 144
248 in 2010, 85.7% of which was White. Extensive de-
tails about the Olmsted County population have been
reported elsewhere.?’

Study Cohort

From the Rochester Epidemiology Project data-
base of residents of Olmsted County, Minnesota,
we identified all incident cases of AF through link-
age of study-cohort data from January 1, 1980 to
December 31, 2010. For each of the 8459 identified
residents with AF (cases), we randomly selected 1
resident without AF (control) on the basis of age +2
years, sex, and calendar year (2 years) of Olmsted
County residency at the index date (ie, AF diagnosis
date) to ensure similar length of medical history for
cases and controls.

Covariate and Exposure Data Collection
Trained abstractors collected clinical and laboratory
data before the index date from the medical record of
each patient for both cases and controls. All incident
AF cases were verified through direct examination of
the ECG, Holter monitor, event monitor, or cardiac
implantable electronic devices. Patients were not in-
cluded if they had transient new-onset postoperative
or postprocedure AF without recurrence of AF after 30
days from the index operation or procedure and if they
had atrial flutter alone without evidence of AF.

Definition of Vasculitis

All cases of prevalent autoimmune vasculitis were con-
firmed through chart review of clinical data, laboratory,
histologic, and radiologic reports based on established
diagnostic criteria.?? The following classification of pri-
mary vasculitis was defined on the basis of size of the
affected blood vessel: 2223

Large-vessel vasculitis

e Giant cell arteritis
e Takayasu arteritis
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Medium-vessel vasculitis

e Polyarteritis nodosa
e Kawasaki disease

Small-vessel vasculitis

e Antineutrophil  cytoplasmic — antibody—associated
vasculitis (granulomatosis with polyangiitis [Wegener
granulomatosis], eosinophilic granulomatosis with
polyangiitis [Churg-Strauss syndrome], microscopic
polyanagiitis)

e Henoch-Schénlein purpura

e Cutaneous leukocytoclastic angiitis

e Cryoglobulinemic vasculitis

Echocardiography

Baseline echocardiographic parameters from cases
and controls were analyzed. Echocardiographic
measurements analyzed included conventional
measures of systolic function (left ventricular ejec-
tion fraction and cardiac index) and diastolic func-
tion (left atrial volume index, mitral early diastolic
velocity [E wave], mitral peak late diastolic velocity [A
wave], E-wave deceleration time by pulsed Doppler,
mitral annular diastolic velocity (g’), E/e’ ratio, left
ventricular mass index, and right ventricular systolic
pressure).

Statistical Analysis

We examined study demographics for both cases
and controls using descriptive statistics. Continuous
data were expressed as mean=SD or median (inter-
quartile range) for skewed data and compared using
the Student t test following testing for normality of dis-
tribution, as appropriate, using the Shapiro-Wilk test
or Wilcoxon rank sum test for nonnormally distrib-
uted variables. Categorical variables were presented
as counts with percentages and compared using the
X2 or Fisher exact test, as indicated. The association
between autoimmune vasculitis diagnosed before the
index date and incident AF was evaluated using condi-
tional logistic regression models and summarized with
odds ratios (OR) and 95% Cls. Adjustment was made
to control for simultaneous and interactive effects of
potential confounders (covariates) not used in match-
ing if their effects modified the OR associated with AF
by at least 5% on univariate analysis.?* Cox propor-
tional hazards regression models were used to test
for the association of autoimmune vasculitis with the
hazard of all-cause mortality and to estimate the cor-
responding relative hazard ratio (HR) and 95% ClI for
each variable. Because the relationships between age
and AF and death may be nonlinear, we also included
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a quadratic term for age in the models, with adjustment
for other potential confounders. Because the quad-
ratic term was not statistically significant (P>0.05), we
used simpler models with the original scale of age in
our analyses. Kaplan-Meier survival analyses with log-
rank tests were used to compare time-to-event event-
free survival on the basis of all available follow-up data
among patients with autoimmune vasculitis and con-
current AF, autoimmune vasculitis and no AF, and no
autoimmune vasculitis and coexisting AF, versus those
without autoimmune vasculitis or AF. For associations,
we used a 2-sided test of significance at the P<0.05
level. All statistical analyses were performed using SAS
v9.4 (SAS Institute).

RESULTS

Baseline Characteristics

In total, 16 918 participants were identified for the
study, including 8459 patients with AF and 8459
controls without AF. The baseline demographics and
comorbidities of the case and control cohort were
compared and demonstrated some differences,
which are summarized in Table 1. Participants with
AF had a significantly higher burden of cardiovascu-
lar disease risk factors, including higher body mass
index and greater frequency of smoking, hyperten-
sion, diabetes mellitus, dyslipidemia, coronary artery
disease, myocardial infarction, congestive heart fail-
ure, stroke, sleep apnea, chronic lung disease, and
chronic kidney disease. They also had higher preva-
lence of autoimmune vasculitis (2.3% versus 1.5%;
P<0.001) and baseline levels of systemic inflamma-
tory markers (white blood cell count, 9.2+5.7 versus
7.4+3.4x109/L [P<0.001]; median CRP (C-reactive
protein), 20.8 versus 9.5, mg/L [P=0.01]) than control
participants without AF.

Association of Autoimmune Vasculitis and
Incident AF

Results of the univariate and multivariable condi-
tional logistic regression analyses of factors pre-
dictive of incident AF after autoimmune vasculitis
exposure are presented in Table 2. The odds of an
AF diagnosis after autoimmune vasculitis exposure
were greatest for small-vessel vasculitis (unadjusted
OR, 2.94; 95% ClI, 1.70-5.01) and lowest for large-
vessel vasculitis (unadjusted OR, 1.20; 95% ClI,
0.89-1.60). The results of multivariable logistic re-
gression analysis showed that autoimmune vasculi-
tis was independently predictive of the development
of AF (OR, 1.47; 95% CI, 1.04-1.94) (Table 3, model
1). When stratified by vasculitis subtype, the impact
of autoimmune vasculitis on the development of
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Table 1. Baseline Characteristics of the Study Population

Baseline Variable Cases (AF) Controls (Non-AF) P Value

Participants, n 8459 8459

Demographics
Age, y, mean+SD 72.4+:14.4 72.3+14.4 0.75
Female sex, n (%) 4122 (48.7) 4120 (48.7) 0.99
Body mass index, kg/m?, mean+SD 28.0+6.7 27.0£5.4 <0.001

Hemodynamics, mean+SD
Heart rate, bpm 111.8+32.2 73.3+13.9 <0.001
Pulse pressure, mm Hg 59.3+18.4 62.4+£18.7 <0.001
Mean arterial pressure, mm Hg 94.3+14.8 93.9+14.1 0.13

History variables, n (%)
Hypertension 5896 (69.7) 3813 (45.1) <0.001
Diabetes mellitus 1883 (22.3) 1039 (12.3) <0.001
Dyslipidemia 3895 (46.1) 2756 (32.6) <0.001
Congestive heart failure 2249 (26.6) 486 (5.8) <0.001
Cardiomyopathy 890 (10.5) 208 (2.9) <0.001
Coronary artery disease 3191 (37.7) 1552 (18.4) <0.001
Previous myocardial infarction 2061 (24.4) 572 (6.8) <0.001
Stroke or transient ischemic attack 1835 (21.7) 876 (10.4) <0.001
Obstructive sleep apnea 1411 (16.7) 807 (9.6) <0.001
Smoking status (past or present) 3177 (37.6) 588 (7.0) <0.001
Chronic lung disease 2780 (32.9) 1545 (18.3) <0.001
Peripheral arterial disease 1460 (17.3) 736 (8.7) <0.001
Chronic renal disease 2130 (25.2) 705 (8.3) <0.001
Thyroid disease 899 (10.6) 749 (8.9) <0.001

Autoimmune vasculitis, n (%)
Any vasculitis 191 (2.3) 129 (1.5) <0.001
Small vessel 50 (0.59) 17 (0.20) <0.001
Medium vessel 5 (0.06) 4 (0.05) 1.00
Large vessel 99 (1.2) 83 (0.98) 0.26
Unclassified 37 (0.44) 25 (0.35) 0.16

Laboratory data
Thyroid-stimulating hormone, MIU/L, mean+SD 2.7+3.6 3.0+8.7 0.14
White blood cell count, x109/L, mean+SD 9.2+5.7 7.4+3.4 <0.001
Sedimentation rate, mm/h, mean+SD 21.3+9.3 23.6+13.8 0.73
CRP, mg/L, median (IQR) 20.8 (7.8-90) 9.5 (4.9-45.4) 0.01
Creatinine, mg/dL, mean+SD 1.3£0.9 11+0.5 <0.001
BNP, pg/mL, median (IQR) 394 (192-736) 159 (59-403) <0.001
NT-pro-BNP, pg/mL, median (IQR) 2078 (699-4840) 871 (228-5976) 0.76

Echocardiography, mean+SD
LA volume index, mL/m? 43.4+16.3 35.9+12.7 <0.001
Mitral E/e’ ratio 14.2+7.3 13.3+6.5 <0.001
Cardiac index, L/min/m? 2.9+0.9 3.1+0.9 <0.001
Right ventricular systolic pressure, mm Hg 41.6+13.8 38.1+121 <0.001
Right atrial pressure, mm Hg 9.3+4.7 7.3+3.6 <0.001
LV ejection fraction, % 54.4+14.7 58.5+12.3 <0.001
LV mass index, g/m? 108.6+£32.3 99.1+28.6 <0.001

AF indicates atrial fibrillation; BNP, brain natriuretic peptide; CRP, C-reactive protein; IQR, interquartile range; LA, left atrial; LV, left ventricular; and NT-pro-
BNP, N-terminal pro-B-type natriuretic peptide.
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AF Death
Baseline Variable OR (95% CI) P Value HR (95% ClI) P Value
Demographics
Age (per 5-y increment) 1.02 (1.01-1.03) 0.004 1.46 (1.44-1.47) <0.001
Female sex 1.04 (0.98-1.11) 017 1.35 (1.30-1.40) <0.001
Body mass index (per 5-U increment) 1.15 (1.12-1.19) <0.001 0.87 (0.85-0.89) <0.001
Hemodynamics
Heart rate (per 5-U increment) 1.39 (1.37-1.41) <0.001 1.03 (1.02-1.04) <0.001
Mean arterial pressure (per 5-U increment) 1.01 (1.00-1.02) 014 1.00 (0.99-1.01) 0.83
Pulse pressure (per 5-U increment) 0.96 (0.95-0.97) <0.001 1.06 (1.05-1.07) <0.001
Arterial elasticity (per 5-U increment) 0.98 (0.97-0.99) <0.001 1.03 (1.02-1.04) <0.001
History variables
Incident atrial fibrillation 1.76 (1.69-1.82) <0.001
Hypertension 3.45 (3.19-3.72) <0.001 1.72 (1.65-1.78) <0.001
Diabetes mellitus 1.87 (1.70-2.04) <0.001 1.54 (1.47-1.61) <0.001
Dyslipidemia 212 (1.97-2.29) <0.001 0.90 (0.86-0.93) <0.001
Congestive heart failure 6.77 (6.01-7.64) <0.001 3.02 (2.89-3.16) <0.001
Cardiomyopathy 4.67 (4.00-5.49) <0.001 1.91 (1.78-2.04) <0.001
Coronary artery disease 2.96 (2.73-38.21) <0.001 1.78 (1.71-1.86) <0.001
Previous myocardial infarction 4.75 (4.25-5.27) <0.001 2.10 (2.01-2.20) <0.001
Stroke or transient ischemic attack 2.45 (2.23-2.69) <0.001 2.30 (2.20-2.41) <0.001
Obstructive sleep apnea 2.06 (1.86-2.28) <0.001 1.06 (1.00-1.12) 0.04
Smoking status (past or present) 5.44 (4.95-5.97) <0.001 1.24 (1.21-1.28) <0.001
Chronic lung disease 2.22 (2.06-2.40) <0.001 1.74 (1.67-1.81) <0.001
Peripheral arterial disease 219 (1.97-2.42) <0.001 212 (2.01-2.23) <0.001
Chronic renal disease 412 (8.71-4.58) <0.001 2.34 (2.23-2.45) <0.001
Thyroid disease 1.25 (1.12-1.40) <0.001 1.28 (1.21-1.37) <0.001
Autoimmune vasculitis
Any vasculitis 1.52 (1.20-1.90) <0.001 1.72 (1.54-2.03) <0.001
Small vessel 2.94 (1.70-5.01) <0.001 1.71 (1.32-2.21) <0.001
Medium vessel 1.25 (0.34-4.66) 0.74 118 (0.56-2.47) 0.67
Large vessel 1.20 (0.89-1.60) 0.23 1.62 (1.39-1.89) <0.001
Unclassified 1.48 (0.89-2.46) 013 2.69 (1.69-2.80) <0.001
Laboratory data
Thyroid stimulating hormone 0.99 (0.98-1.01) 0.33 1.00 (0.99-1.00) 0.18
White blood cell count 114 (1.13-1.16) <0.001 1.03 (1.02-1.04) <0.001
Sedimentation rate 0.98 (0.87-1.10) 0.71 0.99 (0.93-1.06) 0.80
CRP 1.01 (0.99-1.03) 0.33 1.00 (0.99-1.02) 0.07
Creatinine 1.63 (1.48-1.80) <0.001 1.29 (1.27-1.32) <0.001
BNP 1.01 (1.01-1.03) <0.001 1.06 (1.05-1.07) <0.001
NT-pro-BNP 1.00 (1.00-1.01) 0.54 1.05 (1.03-1.06) <0.001
Echocardiography
LA volume index 1.05 (1.04-1.06) <0.001 1.02 1.02-1.03) <0.001
Mitral E/e’ ratio 1.02 (1.01-1.03) <0.001 1.06 (1.05-1.07) <0.001
Cardiac index 0.80 (0.75-0.85) <0.001 1.01 (0.98-1.05) 0.46
Right ventricular systolic pressure 1.03 (1.03-1.04) <0.001 1.04 (1.03-1.04) <0.001
Right atrial pressure, mm Hg 1.18 (1.15-1.20) <0.001 110 (1.10-1.11) <0.001
LV ejection fraction (per 5-U increment) 0.89 (0.87-0.90) <0.001 0.91 (0.90-0.92) <0.001
LV mass index (per 5-U increment) 1.03 (1.02-1.04) <0.001 1.04 (1.03-1.05) <0.001

AF indicates atrial fibrillation; BNP, brain natriuretic peptide; CRP, C-reactive protein; HR, hazard ratio; LA, left atrial; LV, left ventricular; NT-pro-BNP,
N-terminal pro-B-type natriuretic peptide; and OR, odds ratio.
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Table 3. Multivariable Conditional Logistic Regression Analysis for the Association Between Autoimmune Vasculitis and

AF
AF, Model 2

Covariates OR (95% ClI) P Value OR (95% ClI) P Value
Participants, n 16 912 16 912
Any vasculitis 1.47 (1.04-1.94) 0.03
Small vessel 2.54 (1.15-5.57) 0.02
Medium vessel 1.47 (0.23-4.32) 0.68
Large vessel 1.20 (0.78-1.85) 0.41
Unclassified 1.39 (0.68-2.83) 0.37
Age (per 5-y increment) 1.25 (1.15-1.35) <0.001 1.25 (1.15-1.35) <0.001
Hypertension 2.25 (2.04-2.49) <0.001 2.25 (2.04-2.49) <0.001
Dyslipidemia 114 (1.04-1.26) 0.008 114 (1.04-1.26) 0.008
Congestive heart failure 3.67 (3.17-4.25) <0.001 3.67 (3.16-4.24) <0.001
Previous myocardial infarction 212 (1.84-2.43) <0.001 211 (1.84-2.43) <0.001
Stroke or transient ischemic attack 1.57 (1.39-1.77) <0.001 1.57 (1.39-1.77) <0.001
Obstructive sleep apnea 1.27 (1.11-1.44) <0.001 1.27 (1.12-1.44) <0.001
Smoking status (past or present) 4.71 (4.25-5.22) <0.001 4.71 (4.26-5.23) <0.001
Chronic lung disease 1.17 (1.06-1.30) 0.003 1.17 (1.06-1.30) 0.003
Chronic renal disease 2.06 (1.82-2.34) <0.001 2.05 (1.81-2.33) <0.001
C-statistic 0.808 0.808

AF indicates atrial fibrillation; and OR, odds ratio.

incident AF appears to be driven predominantly by
small-vessel vasculitis (OR, 2.54; 95% Cl, 1.15-5.57)
(Table 3, model 2). For these analyses, all factors
shown in the table with P<0.05 were initially included
in the model as potential risk factors. Factors for
which data were missing (eg, white blood cell count
and creatinine and echocardiographic data) and
that were not selected by the stepwise procedure
were subsequently omitted, and the stepwise pro-
cedure was repeated to obtain the final model. The
C statistics, a measure of concordance between
the model-based risk estimates and observed AF
events, for models 1 and 2 were 0.808 and 0.808,
respectively, indicating very good discriminating
ability for predicting AF.

Association of Autoimmune Vasculitis and
Overall Survival

During a median follow-up period of 7.4 years, 11450
(72.3%) patients died.

Kaplan—Meier survival analysis showed that indi-
viduals with autoimmune vasculitis had lower overall
survival than those without autoimmune vasculitis, re-
gardless of associated AF status (log-rank P<0.001).
Those with autoimmune vasculitis diagnosed before
the index date who subsequently developed AF had
worse 5-year survival rates than those without autoim-
mune vasculitis who did not develop AF (44.7% versus
77.2%, log-rank P<0.001) (Figure 1).

J Am Heart Assoc. 2020;9:e015977. DOI: 10.1161/JAHA.120.015977

In multivariable Cox regression analysis, auto-
immune vasculitis was an independent predictor of
shorter survival (HR, 1.20; 95% ClI, 1.06-1.32) (Table 4,
model 1). When stratified by vasculitis subtypes, the
association of autoimmune vasculitis and overall risk of
mortality was worse among patients with small-vessel
vasculitis (HR, 1.38; 95% CI, 1.08-1.75) and unclassi-
fied vasculitis (HR, 1.55; 95% ClI, 1.22-1.97), respec-
tively, than among those with other subtypes (Table 4,
model 2). Other independent risk factors associated
with increased mortality were incident AF, age, male
sex, and prior history of hypertension, diabetes melli-
tus, dyslipidemia, congestive heart failure, myocardial
infarction, stroke, smoking, chronic lung disease, pe-
ripheral arterial disease, or chronic renal disease.

DISCUSSION

Principal Findings

In this population-based case—control study of pa-
tients with incident AF compared with non-AF controls,
we observed that autoimmune vasculitis was signifi-
cantly associated with incident AF cases compared
with non-AF controls. The odds of AF development
were 50% greater in patients with a prior diagnosis of
autoimmune vasculitis, suggesting that autoimmun-
ity may confer an increased risk of incident AF that
is independent of age, sex, and cardiovascular dis-
ease risk factors. We demonstrated that a preexisting
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Figure. Kaplan-Meier survival analysis stratified by autoimmune vasculitis and concurrent AF,

autoimmune vasculitis and no AF, no autoimmune vasculitis and coexisting AF, and no autoimmune

vasculitis or AF.

AF indicates atrial fibrillation; AV, autoimmune vasculitis; and LV, left ventricular.

inflammatory and autoimmune process contributes
to the development of new-onset AF and a potential
mechanistic link between autoimmune disease and AF

development. Finally, AF was more strongly associated
with overall mortality in the presence than the absence
of autoimmune vasculitis.

Table 4. Multivariable Cox Regression Analysis for the Association Between Autoimmune Vasculitis and All-cause

Mortality
Death, Model 1 Death, Model 2

Baseline Variable HR (95% CI) P Value HR (95% ClI) P Value
Participants, n 16 912 16 912
Any vasculitis 1.20 (1.06-1.32) .003
Small vessel 1.38 (1.08-1.75) 0.009
Medium vessel 1.41 (0.73-2.72) 0.31
Large vessel 1.04 (0.89-1.22) 0.95
Unclassified 1.65 (1.22-1.97) <0.001
Incident AF 1.46 (1.40-1.53) <0.001 1.46 (1.40-1.53) <0.001
Age (per 5-y increment) 1.52 (1.51-1.54) <0.001 1.62 (1.51-1.54) <0.001
Male sex 1.16 (1.11-1.20) <0.001 1.16 (1.11-1.20) <0.001
Hypertension 1.04 (1.02-1.10) 0.04 1.04 (1.03-1.10) 0.04
Diabetes mellitus 1.36 (1.30-1.43) <0.001 1.36 (1.30-1.43) <0.001
Dyslipidemia 0.71(0.70-0.74) <0.001 0.71 (0.70-0.74) <0.001
Congestive heart failure 1.48 (1.41-1.56) <0.001 1.48 (1.41-1.56) <0.001
Previous myocardial infarction 1.26 (1.20-1.32) <0.001 1.26 (1.20-1.32) <0.001
Stroke or transient ischemic attack 1.31 (1.25-1.37) <0.001 1.31 (1.25-1.37) <0.001
Smoking status (past or present) 114 (1.11-1.17) <0.001 114 (1.11-1.17) <0.001
Chronic lung disease 1.32 (1.27-1.37) <0.001 1.32 (1.27-1.37) <0.001
Peripheral arterial disease 1.26 (1.20-1.33) <0.001 1.26 (1.20-1.33) <0.001
Chronic renal disease 1.44 (1.37-1.561) <0.001 1.44 (1.37-1.51) <0.001

AF indicates atrial fibrillation; and HR, hazard ratio.
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Comparison With Previous Studies and
Potential Mechanisms
Role of Inflammation

To our knowledge, our study is the first to examine the
association between autoimmune vasculitis and AF
development. It is known that both conditions share
many risk factors and are associated with increased
levels of proinflammatory markers.'?5 Autoimmune
vasculitis is an autoimmune disease characterized
by the presence of inflammation within blood vessel
walls, with subsequent vascular damage and end-
organ ischemia. Several experimental and clinical
studies have shown evidence of increased vascular
inflammation in patients with AF. In atrial biopsies of
patients with lone AF, Frustaci et al'® reported infiltra-
tion of lymphomononuclear cells with concomitant
focal necrosis of adjacent myocytes compatible with
atrial myocarditis in 66% of patients; this infiltration
was absent from the atria of patients in sinus rhythm.
A number of case-controlled and large population-
based studies have reported that chronic inflamma-
tion based on elevated baseline CRP levels, which
can alter electrophysiologic and structural substrates
in the atrial myocardium,?6-3° can predict the devel-
opment and persistence of new-onset AF.5' In agree-
ment with these prior studies, our study also found
that patients with AF had significantly higher base-
line systemic inflammatory markers, including white
blood cell count and CRP, and larger left atrial di-
mension than control participants without AF in sinus
rhythm. This finding is consistent with prior evidence
that a preexisting persistent inflammatory state can
promote the development of AF.

Role of Autoimmunity

We and others have postulated that the inflamma-
tion in AF may be associated with an autoimmune re-
sponse.®23% Our findings support the hypothesis that
autoimmune disease may precede AF development,
which is likely mediated by inflammation.

Current epidemiologic evidence also suggests that
autoimmunity is an important mediator in AF develop-
ment. Several population-based studies have shown
that the risk of AF is significantly increased in auto-
immune-mediated diseases such as celiac disease®®
and psoriasis,® indicating a role for antibody-medi-
ated immune response in promoting the development
of AF. To date, at least 4 types of autoantibodies to
key mediators of atrial electrophysiology—antimyosin
heavy chain,”® antimuscarinic acetylcholine recep-
tor,'° anti—B-1-adrenergic receptor,® and anti—heat
shock protein’—have been identified as significantly
more prevalent in the sera of patients with established
AF compared with those without AF, regardless of
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underlying heart disease.’"® These autoantibodies
can trigger second-messenger production and induce
inflammation and atrial fibrosis, predisposing the atrial
myocardium to the development of AF.

Role of Microvascular Disease

Alteration in microvascular circulation is another pos-
sible hemodynamic mechanism linking autoimmune
vasculitis to AF. In our study, small-vessel vasculitis
accounted for most of the association of autoimmune
vasculitis with AF. Arterial stiffness has been shown
to be significantly related to small-vessel diseases,®®
which usually present the greater resistance to blood
flow. We postulate that inflammatory changes of the
vessel wall due to vasculitis result in increased arte-
rial stiffness and decreased vascular distensibility.
Consequently, ventricular adaptive responses to the
associated increases in afterload may lead to impair-
ment of ventricular diastolic function. These hemo-
dynamic alterations can also increase the duration of
systole and, in turn, delay the onset of relaxation and
increase filling pressure.®® Our data confirm that po-
tential contributions of hemodynamic alterations may
be implicated in promoting the development of AF, in-
cluding higher left ventricular filling pressure and more
prevalent cardiac dysfunction in cases than controls.
Delay in atrial emptying due to impaired diastolic dis-
tensibility that increases pressure and wall stretch
within the atria and pulmonary veins is also an impor-
tant mechanism for altered atrial electrical properties
that promote AF development.

Association of Autoimmune Vasculitis
With Mortality

In this study, we observed an increased risk of mor-
tality in patients with autoimmune vasculitis above
and beyond that seen with AF alone. Patients with
autoimmune vasculitis and AF had a survival rate of
44.7% at 5 years compared with 77.2% for those
without autoimmune vasculitis or AF. Our findings
agree with those of prior studies showing a risk of
mortality of 45% to 75% at 5 years in patients with
small-vessel vasculitis.*®#? The biological mecha-
nisms underlying the increased risk of death cannot
by fully determined from our data. We speculate that
inflammation, oxidative stress, and immune activa-
tion in the smaller arteries may be of importance
for the increased mortality observed. In addition,
comorbidities of the cardiovascular system or pos-
sibly complications of small-vessel vasculitis such as
thrombosis and organ failure may also play a role.40-44
Other predictors of mortality observed in this analysis
were well-established cardiovascular risk factors in-
cluding increasing age, male sex, preexisting hyper-
tension, diabetes mellitus, dyslipidemia, congestive
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heart failure, myocardial infarction, stroke, smoking,
chronic lung disease, peripheral arterial disease, and
chronic renal disease.

Clinical Implications

Although we offer several plausible explanations for
the association between autoimmune vasculitis and
AF, both conditions share many risk factors and are
associated with increased levels of proinflammatory
markers. A clearer understanding of the pathogen-
esis of AF will probably lead to more highly targeted
therapies and to greater reduction in AF-related mor-
bidity and mortality than can be achieved with cur-
rent empirical treatment, particularly for those most
at risk of death. Further research is needed to elu-
cidate the underlying mechanisms that link these
conditions.

LIMITATIONS

Despite the avoidance of referral or selection biases in
our population-based case—control study design, sev-
eral limitations are inherent to the observational study
design. Because this study was retrospective, we could
not exclude unknown confounders or determine poten-
tial causality. Data on autoantibodies directed to cardiac
structures (ie, antimyosin heavy chain, antimuscarinic
acetylcholine receptor, anti—3-1-adrenergic receptor,
and anti-heat shock protein) and electrophysiologic
testing for the inducibility of atrial arrhythmias in patients
with autoantibodies, which could elucidate a causal
relationship, were not available. Consequently, the re-
sults could only support an association between au-
toimmune vasculitis and AF and, separately, mortality.
Although we could not exclude unknown confounders,
this shortcoming was minimized by standardizing ret-
rospective case selection. It is possible that the control
group may have developed AF in the follow-up period.
However, such occurrence would bias toward the null
hypothesis and against an association of autoimmune
vasculitis with AF. As with all retrospective studies, our
observations were limited to the details documented
in the health record and could have been affected by
human error in the data-abstraction process. In addi-
tion, our retrospective study design did not allow us to
accurately ascertain the initial date of onset of autoim-
mune vasculitis in many patients; therefore, we were
unable to perform statistical analyses assessing the in-
terval between autoimmune vasculitis and AF. It is pos-
sible that part of the risk increase for AF might be due to
ascertainment bias (ie, around the time of autoimmune
vasculitis diagnosis). We measured the time intervals
between the time of autoimmune vasculitis diagnosis
and the index date (case or control), and the risk ratio
was similar for recently and later diagnosed AF.
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CONCLUSIONS

Our study demonstrated that autoimmune vasculi-
tis is significantly associated with increased risk of
AF development and independently confers worse
survival in the presence than the absence of AF. Our
findings support the hypothesis that autoimmune-
mediated disorders (eg, autoimmune vasculitis) in-
crease the risk of AF. Because the study is restricted
to retrospective and cross-sectional data and can-
not determine causality, further investigative studies
are needed to elucidate the complex interaction be-
tween immune-mediated disorders and the develop-
ment of AF.
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