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Abstract

Background—~Prior research suggests an important role of systemic inflammation in
pathogenesis of atrial fibrillation (AF). It is well-known that rheumatoid arthritis (RA), a chronic,
systemic inflammatory disorder, increases the risk of cardiovascular disease (CVD), but little
evidence exists whether the risk of AF is increased in RA.

Methods—Using data from a large US commercial insurance plan, we examined the incidence
rate (IR) of hospitalization for AF in patients with RA compared to non-RA. RA patients were
identified with > 2 separate visits coded for RA and = 1 disease-modifying anti-rheumatic drug
dispensing. The IR of AF in RA patients was also compared to those with osteoarthritis, a chronic
non-inflammatory condition.

Results—There were 20,852 RA and 104,260 non-RA patients, matched on age, sex and index
date. The mean follow-up was 2 years. The IR per 1,000 person-years of AF was 4.0 (95% Cl,
3.4-4.7) in RA and 2.8 (95% Cl, 2.6-3.0) in non-RA patients. The incidence rate ratio for AF was
1.4 (95% CI, 1.2-1.7) in RA compared to non-RA patients. In a multivariable Cox model
adjusting for a number of risk factors such as diabetes, CVVD, medications and health care
utilization, the risk of AF was no longer increased in RA (hazard ratio 1.1, 95% CI: 0.9-1.4)
compared to non-RA patients. There was also no difference in the AF risk between RA and
osteoarthritis patients.
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Conclusion—Our results show no increased risk of AF associated with RA, after adjusting for
various comorbidities, medications and health care use.
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INTRODUCTION

The link between systemic inflammation and atherosclerosis and cardiovascular disease
(CVD) such as myocardial infarction (MI) and coronary artery disease has been well-
established.[1, 2] Atrial fibrillation (AF) is a common arrhythmia and strongly related to
CVD.[3] Previous research suggests a potential role of inflammation in the development and
maintenance of AF.[4] Several epidemiologic studies show a significant association between
serum inflammatory markers such as tumor necrosis factor (TNF)-a, interleukin (IL)-2,
IL-6, and c-reactive protein (CRP) and the risk of AF development, recurrence or
persistence.[4-6] The link between inflammatory markers and AF seems clearest among
patients with inflammatory cardiac conditions, such as pericarditis or myocarditis, but
several large prospective cohort studies also found an association between systemic
inflammation and incident AF even after controlling for traditional risk factors for CVD.[7,
8]

It is well known that patients with rheumatoid arthritis (RA) have an increased risk of CVD
including stroke.[9-12] AF is the most common arrhythmia associated with an increased
risk of stroke[13] and RA patients have a significantly greater risk of cardiac involvement
including valvular nodules and valvular heart diseases which are known risk factors of AF.
[14]

If systemic inflammation is one of the causes of AF, patients with chronic inflammatory
conditions such as RA may have an increased risk of AF. To date, little data is available
whether RA is associated with the risk of AF. A recently published Danish cohort study
noted a 40% increase in the risk of AF in patients with RA compared to the general
population.[15] We hypothesized that RA patients would have a greater risk of developing
AF compared to non-RA patients after controlling for known CVD risk factors. The main
objective of this study was to assess the rate of incident AF in a cohort of RA patients
compared to those without RA in a large population-based cohort study.

METHODS

Data Source

We conducted a cohort study using the claims data from the HealthCore Integrated Research
Database, a commercial U.S. health plan ( January 1, 2001-June 30, 2008). This database
contains longitudinal claims information including medical diagnoses, procedures,
hospitalizations, physician visits, and pharmacy dispensing on more than 28 million fully-
insured subscribers, with medical and pharmacy coverage across the U.S. Personal
identifiers were removed from the dataset before the analysis to protect subject
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confidentiality. Patient informed consent was therefore not required. The study protocol was
approved by the Institutional Review Board of Brigham and Women’s Hospital.

Study Cohort

Adults who had at least two visits, separated by at least seven days, coded for RA with the
International Classification of Diseases, Ninth Revision (ICD 9) code, 714.xx were eligible
for the RA cohort. The index date for the RA cohort was defined as the date of first disease-
modifying anti-rheumatic drug (DMARD) dispensing after at least 12 months of continuous
health plan eligibility; thus, all persons in the RA cohort were required to have had two
diagnoses and at least one filled prescription for a DMARD at the start of follow-up.
Nursing home residents or patients who underwent cardiac surgeries in the 12-month period
prior to index dates were excluded. To ensure that we only include incident cases of AF,
subjects with a diagnosis of any arrhythmia, dispensings for anticoagulants or anti-
arrhythmic drugs in the 12-month period prior to index dates were also excluded from both
cohorts. (Additional Table 1) A previous validation study showed that RA patients can be
accurately identified using a combination of diagnosis codes and DMARD prescriptions in
insurance claims data.[16]

We identified two non-RA cohorts over age 18 for comparison. The first comparison cohort,
described herein as the “non-RA cohort” consisted of patients who never had a diagnosis of
RA during the study period and had at least 2 physician visits after at least 12 months of
continuous health plan eligibility. The index date for the non-RA patients began at the first
receipt of any prescription drugs after at least 2 physician visits. The aforementioned
exclusion criteria were then applied to the non-RA cohort. The non-RA patients were
matched to RA patients on age, sex and index date (+/- 30 days) with a 5:1 ratio.

To compare the risk of AF in RA patients with persons who have another chronic
debilitating condition that requires regular visits to a physician but is non-inflammatory, we
identified a second comparison cohort, ‘the osteoarthritis (OA) cohort’. It was defined based
on at least two visits coded for OA using the ICD-9 code (715.xx). The index date for the
OA cohort was the date of 15t receipt of prescription for NSAIDs including selective
cyclooxygenase-2 inhibitors or opioids after the 2"d visits for osteoarthritis. The same
aforementioned exclusion criteria were applied to the OA cohort. Patients with OA were
then matched to RA patients on age, sex and index date (+/- 30 days) with a 1:1 ratio.

Patients in all three cohorts were followed from the index date to the first of any of the
following censoring events: development of AF, loss of health plan eligibility, end of study
database, or death.

Outcome Definition

The primary outcome was defined as a hospitalization for AF based on hospital discharge
diagnosis codes (ICD-9: 427.31) within the study database. This algorithm has been
previously validated and had both sensitivity and specificity greater than 90%.[17]

Two secondary more stringent AF outcomes were defined. One outcome required a
combination of a hospital discharge diagnosis of AF and a prescription for an anticoagulant
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within 30 days after discharge date. Another secondary outcome required a diagnosis of AF
or atrial flutter (ICD-9: 427.3x) from either outpatient or inpatient claims and a prescription
for an anticoagulant within 30 days after discharge or outpatient diagnosis date.

A number of predefined variables potentially related to development of AF and health care
use were assessed using data from the 12 months before the index date. These variables
included demographic factors, comorbidities such as hypertension, CVD, heart failure,
chronic obstructive pulmonary disease (COPD), medications, and health care utilization
factors., A combined comorbidity score was calculated to quantify patients’ comorbidities
based on ICD codes.[18] Outpatient laboratory data such as acute phase reactants (APR)
(i.e., ESR or CRP) and rheumatoid factor (RF) were available in a subgroup of all three
study cohorts.

Statistical Analyses

RESULTS

We compared the baseline characteristics between RA and non-RA cohorts. For the primary
outcome, we estimated the crude and age-stratified IR of a hospitalization for AF, with 95%
confidence intervals (ClI), calculated as the number of patients with the outcome divided by
the total person-time, in both RA and non-RA cohorts. The incidence rate ratio (IRR) with
95% CI was estimated by dividing the rate of a hospitalization for AF among RA patients by
that of non-RA cohorts.[19] Assuming an incidence of AF would be 4 per 1,000 in non-RA
cohort and there are at least 20,000 subjects with RA, at least 80% power to detect a risk
ratio of 1.4 or higher was expected. To adjust for potential confounders, separate Cox
proportional hazard models were used to compare the rate of a hospitalization for AF among
RA patients with those in non-RA cohorts.[20] Similar analyses were carried out for the
secondary AF outcomes. All the analyses were then repeated for the comparison between
patients with RA and OA.

Finally, we conducted subgroup analyses for the primary outcome in patients in whom we
had APR and RF measurements at baseline. Among these subjects, the APR levels were
used as a binary covariate, elevated vs. normal, in Cox proportional hazard models
comparing the risk of a hospitalization for AF in RA with non-RA. We also examined
whether an elevated APR level and/or a positive RF at baseline increased the risk of a
hospitalization for AF among RA patients. All analyses were done using SAS 9.2 Statistical
Software (SAS Institute Inc., Cary, NC).

Cohort Selection

After applying the inclusion and exclusion criteria, we selected 5 non-RA patients matched
to each RA patient on age, sex, and index date. Our final study cohort included 20,852 RA
patients and 104,260 non-RA patients. The mean (SD) follow-up time was 2.0 (1.5) years
for both RA and non-RA patients. (see Additional Figure 1 for the cohort selection.)
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For the secondary analyses comparing RA to OA cohorts, 10,860 OA patients matched on
age, sex, and index date to RA patients with a 1:1 ratio were included (Additional Table 2).

Patient Characteristics

Baseline characteristics of the age-, sex-, and index date-matched RA and non-RA cohorts
were compared (Table 1). The mean age was 52 years and 74% were women in both
cohorts. Substantial differences across almost all other baseline characteristics were
observed between the cohorts, with the prevalence of comorbidities that may be related to
AF risks more common in RA patients than non-RA subjects. Fifteen percent of RA patients
and 1% of non-RA patients had their baseline APR levels measured. Thirty-six percent of
RA and 18% of non-RA patients with a baseline APR level measurement available had
elevated levels. Baseline characteristics of the RA and OA cohorts were similar with the
mean age of 56 years and 76% female (Additional Table 2).

Risk of Atrial Fibrillation in RA vs. non-RA

During the follow-up, 0.6% of the study population experienced a hospitalization for AF, the
primary outcome of interest. As shown in Table 2, the IR of a hospitalization for AF per
1,000 person-years among RA patients was 4.0, compared with 2.8 in non-RA. The age-
stratified IRs of hospitalization for AF are presented in Table 3. The IR was the highest
among patients aged 70 years and older in both RA (27.0 per 1,000 person-years) and non-
RA cohorts (16.9 per 1,000 person-years). The IRR ranged from 1.3 in patients aged 18 to
49 years to 1.6 in those aged 60 years and older. Cox regression analysis showed that the
crude HR of a hospitalization for AF in RA was 1.4 (95% CI, 1.2-1.7) and age- and sex-
adjusted HR was 1.5 (95% CI, 1.2-1.8) compared to non-RA. After adjusting for potential
confounders of AF such as demographic factors, various comorbidities and medications, and
health care utilization characteristics listed in Table 1, the risk of AF was no longer
increased in RA (HR 1.1, 95% CI, 0.9-1.4) compared to non-RA patients (Additional Table
3). In a fully adjusted Cox model, age-stratified HRs were not significantly increased across
any age group (data not shown).

For the secondary outcome of a hospitalization for AF combined with a dispensing for an
anticoagulant within 30 days from the discharge date, the age and sex-adjusted IRR of AF
was 1.3 (95 % ClI, 1.0-1.7) in RA compared to non-RA. For the other secondary outcome
that combined either inpatient or outpatient diagnosis of AF with a dispensing for an
anticoagulant, the age and sex-adjusted IRR was 1.1 (95% CI, 0.9-1.4) in RA compared to
non-RA patients. Results from the fully adjusted Cox models for the secondary outcomes
were similar to those of the primary outcomes (Table 4).

Risk of Atrial Fibrillation in RA vs. OA

The IRs (5.8 per 1,000 person-years) of AF were similar in both groups with IRR of 1.0
(95% Cl, 0.8-1.3). Crude, partially and fully adjusted Cox models consistently showed no
increased risk of AF in RA compared to OA patients (Figure 1).
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Subgroup Analyses on Laboratory Data

In a subgroup of patients with the baseline APR levels, the multivariable HR further
adjusted for elevated APR levels was 0.6 (95% CI 0.1-2.7) due the small number of events
in this subgroup. Among the RA patients with the baseline APR and RF available,
multivariable Cox models adjusted for age, sex, comorbidity score and a number of
prescription drugs showed an increased risk of AF, albeit not statistically significant,
associated with both elevated APR levels (HR 2.2, 95% CI 0.2-20.6) and RF(HR 2.2, 95%
Cl10.3-13.9).

DISCUSSION

This study showed that the IR of a hospitalization for AF per 1,000 person-years was 4.0
among RA patients and 2.8 in non-RA patients. Although the age-, sex-, and index date-
matched IR of a hospitalization for AF was 1.4 times higher in RA compared to non-RA, the
fully adjusted regression analyses accounting for various comorbidities, medications, and
health care utilization did not show an increased risk of AF in RA. As expected, the IR of a
hospitalization for AF increased with age and was highest among patients aged 70 years and
older in both groups. After adjusting for all the potential confounders, no significantly
increased risk of a hospitalization for AF associated with RA was found across any age
groups. Furthermore, consistent null association was noted between inpatient or outpatient
diagnosis of AF and RA in multivariable analyses.

If systemic inflammation plays an important role in pathogenesis of AF development,[4, 5,
21] why was no increased risk observed for AF in RA, a disease characterized by chronic
systemic inflammation? Several explanations might be plausible for the negative results in
this study. First, the negative findings of the present study may be true. While there are a
number of prior studies supporting a causal association between inflammation and AF,[4, 5,
21] this association has not been observed in some studies.[8, 22] Moreover, a recent cohort
study found an independent association between CRP and AF risk in men but not in women;
since RA is more common in women, this also supports our null results.[23] Second, the
negative findings could be related to our selection criteria of RA cohort requiring at least
one dispensing for a DMARD before entering the study cohort. Although it is clinically
unlikely, the level of systemic inflammation in our RA cohort might have been low since all
the RA patients in our study received treatment with DMARDs. Third, it is possible that RA
has a causal association with AF, but only indirectly through other intermediate factors such
as CVD and use of certain medications like NSAIDs or glucocorticoids.[24, 25] By
adjusting for many covariates simultaneously in our analyses, we could have removed all the
potential effects of RA on AF.

Several strengths of this study are noteworthy. First, we examined a large cohort of RA and
non-RA patients in a population that is representative of the U.S. commercially-insured
population. Second, to minimize surveillance bias, we selected a group of patients with OA,
a chronic non-inflammatory medical condition requiring pharmacologic treatment. Both
main and sensitivity analyses consistently showed no increased risk of AF associated with
RA. Third, we relied primarily on diagnosis codes for RA and AF, which could potentially
lead to exposure and outcome misclassification; however, both the ICD codes for RA and
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AF have been validated and used in a number of studies. [16, 17] Similar results were also
observed in the analysis of secondary outcomes strictly defined with a combination of
diagnosis codes and a dispensing of anticoagulants after hospital discharge. Additionally, the
IRs and age- and sex-adjusted IRR of AF in this study were similar to the results from a
recent Danish population-based study.[15] Fourth, we conducted subgroup analyses of
patients with baseline CRP or ESR levels measured, and these yielded consistent results
between the RA and non-RA cohorts.

Important differences exist between our results and the prior Danish study that observed an
elevated risk of AF in patients with RA.[15] In our study, the multivariable overall and age-
stratified HRs of AF, adjusted for health care utilization patterns, concomitant drug uses and
comorbidities, were not increased for RA compared to non-RA (Figure 1). On the contrary,
the Danish study showed a 40% greater risk of AF in RA compared to non-RA, even after
adjusting for cardiovascular drug use and comorbidities. Much of the AF risk attributable to
RA was observed in younger and not older patients in the Danish study. These discrepant
findings could be due to a number of differences between the two studies. Compared to the
Danish cohort, our cohort was younger, had a higher proportion of women and a shorter
duration of follow-up time. In addition, there were a greater proportion of subjects with
comorbidities such as hypertension, CVD, COPD, and thyroid disease and with more
frequent use of cardiovascular drugs in our study cohort. This difference in comorbidity
distribution could be simply due to the difference in the study populations, but it could be
due to the difference in identifying the comorbidities in the databases. We used a
comprehensive algorithm that used a broad category of diagnosis codes combined with the
use of comorbidity specific drugs. Furthermore, our study was adjusted for more
comorbidities and use of other drugs such as opioids, bisphosphonates, and NSAIDs. Lastly,
because we excluded subjects with any diagnosis of arrhythmia, any previous cardiac
surgeries, and use of anticoagulants or anti-arrhythmics at baseline, our study might have
preferentially included patients at low risk of AF.

Our study also has several limitations. First, this cohort study is likely subject to residual
confounding by body mass index, RA disease severity and other unmeasured risk factors
including the degree of left ventricular hypertrophy and severity of heart failure or COPD.[3,
13] Second, we assessed a number of variables potentially related to developing AF using
the data from the 12 months prior to the index date, but this time period might not be long
enough to capture all the information on potential confounders. However, we used
multivariable Cox models that simultaneously adjusted for a number of known risk factors
of AF, the combined comorbidity score and health care utilization patterns to minimize the
effect of such confounders and performed age-stratified Cox analyses. Lastly, a potential
role of glucocorticoids or DMARD:s including TNF-a inhibitors in the risk of incident AF
among RA patients was not examined in this study.

In conclusion, our results showed that incident AF was uncommon in both RA and non-RA
patients and there was no increased risk of incident AF associated with RA after
multivariable adjustment. The study of the epidemiology of AF in patients with systemic
inflammation may provide important insights for AF prevention. Already, a large
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multicenter clinical trial has been initiated testing the value of inflammation reduction
among patients at high risk for AF.[26, 27]
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Figure 1. Hazard ratios and 95% confidenceintervalsfor a hospitalization for atrial fibrillation
RA: rheumatoid arthritis, OA: osteoarthritis

Model 1 is adjusted for age and sex. Model 2 is adjusted for age, sex, and cardiovascular disease. Model 3 is adjusted for age,
sex, combined comorbidity score and a number of prescription drugs
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Table 1

Baseline characteristics of the study cohort in 12 months prior to the index date

Rheumatoid arthritis (N=20,852)  Non-rheumatoid arthritis (N=104,260)

N (%) or mean =+ standard deviation

Follow-up period, years 19+15 20+1.6
Demographic

Age”, years 51.9+121 51.9+12.1
Female™ 15,497 (74) 77,485 (74)

Comorbidities

Combined comorbidity score 02+1.0 0.1+0.9
Diabetes 1,935 (9) 9,279 (9)
Chronic kidney disease 262 (1) 647 (1)
Liver disease 558 (3) 1,900 (2)
Hypertension 5,876 (28) 26,360 (25)
Cardiovascular disease & 1,439 (7) 5,355 (5)
Valvular or congenital heart disease 716 (3) 2,666 (3)
Chronic obstructive pulmonary disease 2,389 (11) 8,165 (8)
Stroke 497 (2) 1,983 (2)
Thyroid disease 3,044 (15) 11,774 (11)
Hyperlipidemia 6,439 (31) 34,561 (33)
Surgery, non-cardiovascular 184 (1) 450 (0.4)
Medications

Diuretics 3,548 (17) 9,960 (10)
ACEI/ARB 4,087 (20) 16,203 (16)
Bisphosphonates 2,460 (12) 4,758 (5)
NSAIDs 12,999 (62) 16,545 (16)
Opioids 9,155 (44) 22,206 (21)
Beta-blockers 2,762 (13) 10,678 (10)
Calcium channel blockers 1,537 (7) 5,266 (5)
Glucocorticoids P 6,449 (31) 1,536 (1)

Health care utilization

No. of total physician visits 10.2+74 49+4.7
No. of hospitalizations 0.2+0.7 0.1+£05
No. of prescription drug 9.8+6.0 45+45
Laboratory data

APR levels available 3,139 (15) 1,126 (1)
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Rheumatoid arthritis (N=20,852)  Non-rheumatoid arthritis (N=104,260)

Elevated APR levels C 1,117 (36) 200 (18)
Rheumatoid factor available 2,298 (11) 328 (0.3)

Positive rheumatoid factor © 1,294 (56) 19 (6)

*

matched
a. - . . . .

includes myocardial infarcts, angina, coronary artery disease, heart failure and cardiomyopathy
b - I .

use of glucocorticoids 30 days prior to the index date

c . . . .
the proportion was calculated among the subjects with APR or RF levels available

NSAIDs: non-steroidal anti-inflammatory drugs, ACEI: angiotensin-converting enzyme inhibitor, ARB: angiotensin Il receptor blocker, APR:
acute phase reactant
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Table 4

Fully adjusted” hazard ratios (95% confidence intervals) for AF in rheumatoid arthritis compared to non-
rheumatoid arthritis

Rheumatoid arthritis

AF (inpatient) 1.1(0.9-1.4)
AF (inpatient) and anticoagulants** 11(08-19)
AF (inpatient and outpatient) and anticoagulants** 0.9 (0.8-1.3)

*
Adjusted for age, sex, Comorbidity Index, various comorbid conditions, medications, and health care utilization factors listed in Table 1

FHk

A dispensing of anticoagulants within 30 days after the AF diagnosis date
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