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Abstract

Background—Use of several immunomodulatory agents has been associated with reduced
cardiovascular (CV) events in epidemiologic studies of rheumatoid arthritis (RA). However, it is
unknown whether time-averaged disease activity in RA correlates with CV events.

Methods—We studied patients with RA followed in a longitudinal US-based registry. Time-
averaged disease activity was assessed using the area under the curve of the Clinical Disease
Activity Index, a validated measure of rheumatoid arthritis disease activity, assessed during
follow-up. Age, gender, diabetes, hypertension, hyperlipidemia, body mass index, family history
of myocardial infarction (M), aspirin use, NSAID use presence of CV disease, and baseline
immunomodulator use were assessed at baseline. Cox proportional hazards regression models
were examined to determine the risk of a composite CV endpoint that included M, stroke, and CV
death.

Results—24,989 subjects followed for a median of 2.7 years were included in these analyses.
During follow-up, we observed 422 confirmed CV endpoints for an incidence rate of 9.08 (95%
confidence interval, CI, 7.90 — 10.26) per 1,000 person-years. In models adjusting for variables
noted above, a 10-point reduction in time-averaged Clinical Disease Activity Index was associated
with a 26% reduction in CV risk (95% confidence interval 17-34%). These results were robust in
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subgroup analyses stratified by presence of CV disease, use of corticosteroids, use of non-steroidal
anti-inflammatory drugs or selective COX-2 inhibitors, change in RA treatment, and also when
restricted to events adjudicated as definite or probable.

Conclusions—Reduced time-averaged disease activity in RA is associated with fewer CV

events.
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rheumatoid arthritis; cardiovascular disease; epidemiology

INTRODUCTION

Rheumatoid arthritis (RA) patients suffer from an increased risk in cardiovascular (CV)
events.(1, 2) This risk correlates with both traditional CV risk factors, as well as markers of
inflammation, such as the erythrocyte sedimentation rate.(3, 4) Additionally, epidemiologic
studies suggest that several disease-modifying anti-rheumatic drug (DMARD) treatments for
RA associate with a reduced risk of CV events, including methotrexate and TNF
antagonists.(5, 6) Several prior studies have demonstrated a cross-sectional association
between atherosclerosis and disease activity.(3, 7) However, it is unknown whether time-
averaged RA disease activity or reductions in disease activity, regardless of treatment,
correlate with CV risk. This information carries potential importance for disease
management recommendations.

Treatment recommendations for RA are based on evidence regarding improvements in pain
and function, as well as the relative safety of drugs.(8, 9) Current CV management
guidelines in RA focus on management of lipids and other risk factors, giving little guidance
about the role of immunomodulators aimed at reducing systemic inflammation.(10)
However, several recent trends make it imperative to better understand if reducing disease
activity correlates with improved CV risk. First, the treatment paradigm in RA is being
accelerated by an enthusiasm for “treat to target” in RA, whereby low disease activity or
remission becomes the management goal.(11) Second, several secondary CV prevention
trials of different immunomodulatory agents are being conducted in patients without a
defined inflammatory condition.(12, 13) With this as background, we examined whether RA
disease activity measured over a prolonged period of follow-up predicts CV risk. We
hypothesized that patients who had lower time-averaged RA disease activity would suffer
fewer CV events, regardless of which immunomodulatory treatments they had received.

METHODS

Study design and population

We undertook this study in a large registry of RA patients from the US, the Consortium of
Rheumatology Researchers of North America (CORRONA). The methods of this registry
have been well described.(14) Briefly, 268 rheumatologists from 103 sites in 35 US states
contribute data approximately every four months using a structured case report form. At
each visit, rheumatologists assess subject’s level of RA disease activity using the
standardized Clinical Disease Activity Index (see below for details). In addition, data are
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collected regarding comorbidities and co-medications, including traditional CV risk factors
described below (see Covariates Section).

Only those subjects in the registry diagnosed with RA by their treating rheumatologist
through December 31, 2011 who had a Clinical Disease Activity Index measured at their
first (baseline) visit were included. We excluded RA subjects in the registry who also carried
the diagnosis of psoriatic arthritis, as well as those who were not using a DMARD at
baseline or follow-up. The primary study cohort included all subjects in the registry with
RA, and the first registry visit was considered baseline.

The cohort was followed from their baseline visit until the first of any of the following:
death, loss to follow-up, December 30, 2011, or the first CV event (see below for CV event
confirmation). Subjects with two consecutive visits with missing Clinical Disease Activity
Index values were censored at the time of the second visit (see below for imputation
methods).

All study activities have been approved by the responsible Institutional Review Board.

Disease activity

As noted, the Clinical Disease Activity Index was used to determine disease activity. This
measure includes four elements: the physician’s report of the number of tender and swollen
joints, the physician assessment of global arthritis activity, and the patient assessment of
global arthritis activity.(15) It does not include an acute phase reactant, such as the C-
reactive protein. However, this measure correlates well with the Disease Activity Score,
which does include the C-reactive protein.(15) It is more widely used in typical clinical
practice where a laboratory measure may not be available in a timely manner to make
routine management decisions. The Clinical Disease Activity Index ranges in value from
0-76 and was examined as a continuous variable in our main analysis. We used the standard
categories of Clinical Disease Activity Index as a secondary definition, where remission >
2.8, low 2.9 — 10.0, moderate 10.1 — 22.0, and high > 22.0.(15)

The Clinical Disease Activity Index was measured at 98% of registry visits, allowing one to
create an area under the curve for the longitudinal measurement. The area under the curve
for Clinical Disease Activity Index was calculated at 6-month intervals with the geometric
mean used to interpolate between visits if not occurring at the 6-month interval. From the
area under the curve, a time-averaged Clinical Disease Activity Index was calculated and
updated for each 6-month interval.

Missing Clinical Disease Activity Index values were imputed based on the following
assumptions: when one of the four components of the Clinical Disease Activity Index was
missing but it was available at the prior visit, the last observation of this component was
used to impute the Clinical Disease Activity Index at the next visit; this was the case at 1%
of visits. However, if two consecutive Clinical Disease Activity Index values were missing,
subjects were censored at the second visit with missing data (0.4% of visits). If more than
one component was missing at any visit, subjects were censored (1.4% of visits).
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Cardiovascular outcomes

Covariates

At each registry study visit, physicians report whether interval adverse events have occurred,
including incident myocardial infarction (Ml), stroke or CV death, among other adverse
events. All physician-reported CV events prompt a second questionnaire to the
rheumatologist to confirm the CV event, and request additional information including
medical records from the treating acute care hospital for adjudication. All medical records
were reviewed by an adjudication committee comprised of two cardiologists and a
neurologist using adjudication methods established by the FDA.(16) Of the 422
rheumatologist-confirmed CV events, 147 (35%) had records available for adjudication;
93% of these were adjudicated as definite or probable, 3% as possible, and 4% as non-
events. The primary analysis used a composite endpoint of the first confirmed Ml, stroke, or
CV death event and a secondary analysis focused on only those events that were adjudicated
as definite or probable. We chose not to include heart failure as part of the study outcome
because of its multi-factorial nature, especially in patients with RA, where the use of non-
steroidal anti-inflammatory drugs and corticosteroids is so common.(17)

We considered several variables in adjusted analyses. These included age at baseline,
gender, as well as various CV risk factors. These risk factors were also assessed at baseline
and not updated because of concerns regarding introducing bias through adjusting for
mediators of the effect of time-averaged CDAI on the outcome of interest. They included
body mass index, family history of M, tobacco use, aspirin use, history of hypertension or
use of medications for elevated blood pressure, history of diabetes, and a history of
hyperlipidemia or use of medications for lipid abnormalities. We allowed patients with
known CV disease in the primary analyses; an additional secondary analysis excluded them
(see below). The duration of RA and typical RA treatments at baseline were assessed; these
included DMARDs, corticosteroids, and non-steroidal anti-inflammatory drugs, including
selective COX-2 inhibitors. Covariates were not updated in a time-varying fashion to avoid
controlling for causal intermediates and ‘overadjust” for factors that may mediate changes in
RA disease activity.

Statistical analyses

The baseline characteristics were assessed using means, medians or categories for the
primary cohort. As well, they were compared across Clinical Disease Activity Index
categories assessed at the index visit. Incidence rates for the primary composite endpoint, as
well as the secondary components were calculated. Person year rates were estimated based
on the time from the index date to the censoring event with 95% confidence intervals (CIs)
estimated assuming a binomial proportion.

Cox proportional hazard regression models were used to estimate the relative risk of CV
events. The primary analysis examined the time-averaged Clinical Disease Activity Index
from the area under the curve as a continuous variable; secondary analysis treated Clinical
Disease Activity Index as a categorical variable (see above for definition of categories). Age
and gender were included in all models, with traditional CV risk factors added in as well.
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Fully adjusted multivariable models also included baseline RA medication use and disease
duration.

A series of secondary stratified analyses were pursued to assess the robustness of our
primary findings. These included stratifying the cohort according to the following: 1)
preexisting or known CV disease; 2) use of corticosteroids at baseline; and 3) use of
nonsteroidal anti-inflammatory drugs or selective COX-2 inhibitors at baseline.

The proportional hazards assumptions were tested by examining the Kolmogorov-type
supremum test(18) and there was no evidence that the proportionality assumption was
violoated (p = 0.25) for the primary analysis. All analyses were run using SAS (version 9.2,
Cary, North Carolina).

RESULTS

The cohort assembly is described in Figure 1. The exclusion criteria were applied
sequentially to the 36,189 subjects with a diagnosis of RA enrolled as of December 31, 2011
in CORRONA. From the potentially eligible cohort, 11,200 (30.9%) were excluded leaving
24,989 subjects followed for a median of 2.7 years.

The baseline characteristics of the included subjects are listed in Table 1. The mean
(standard deviation) age was 59 (13) years, 76% were women, and 89% were white.
Coronary artery disease was present in 17%, hypertension in 29%, diabetes in 8%,
hyperlipidemia in 25%, current tobacco use in 19%, and family history of Ml in 3%. The
mean (standard deviation) duration of RA was 10 (10) years, 77% were seropositive (either
rheumatoid factor or anti-CCP), 61% used NSAIDs or selective COX-2 inhibitors, 84% used
methotrexate, and 48% a TNF antagonist. Characteristics of the subjects categorized by
baseline Clinical Disease Activity Index showed differences in demographics,
cardiovascular risk factors, RA disease activity, as well as medication use.

Table 2 shows the incidence rates for the composite CV outcome as well as the components.
The incidence rate for the primary composite outcome was 7.79 (95% CI 6,70-8.88) per
1,000 person-years. In models adjusted for age, gender, traditional CV risk factors, as well
as RA treatments at baseline, the risk of the primary CV outcome was reduced by 21% (95%
Cl 13-29%) per 10-point reduction in time-averaged Clinical Disease Activity Index. Figure
2 shows the reduction in risk associated with lower disease activity. In fully adjusted models
(see Statistical Analysis section for covariates), there was a 53% (95% CI 30-68%)
reduction in risk from high disease activity to remission.

Sensitivity analyses performed in a series of subgroups are shown in Figure 3. The reduction
in risk across decreasing Clinical Disease Activity Index levels was observed in all
subgroups, including those with and without known CV disease, users and non-users of
corticosteroids, and users and non-users of non-steroidal anti-inflammatory drugs or
selective COX-2 inhibitors. Fully adjusted Cox regression analyses that only considered
definite and probable adjudicated cases also showed similar trends to the primary analysis.
Compared with high disease activity, moderate disease activity had a 35% reduction in CV
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outcomes (95% CI 0% - 60%), low disease activity had a 58% reduction (95% CI 32% —
74%), and remission a 60% reduction (95% CI 23% — 80%).

DISCUSSION

Persons with RA suffer from a higher risk of CV disease than those without RA.(19)
Cardiovascular disease in RA also potentially serves as a relevant example of the benefits of
inflammation control on CV risk. With this in mind, we examined the relationship between
RA disease activity measured longitudinally and the risk of CV events. Among a large
cohort of patients with RA followed for a median of 2.7 years, we found a significant trend
towards a reduced risk of CV events with improved disease activity: a 21% reduction in CV
risk for each 10 point lowering of the CDAI and a 53% reduction from high disease activity
to remission. These results add significant new information regarding the importance of
sustained control of RA disease activity, not only for improvement in pain and function, but
also for reduced CV risk.

Strengths of the analysis include its large size, relatively long follow-up, and inclusion of
RA patients followed in typical real-world clinical practice. In addition, we included
information on body mass index, tobacco use, and family history, CV risk factors
unavailable in many similar analyses. The findings were robust within multiple relevant
subgroups — no prior CV disease, no prior corticosteroid use, no prior non-steroidal anti-
inflammatory drug or selective COX-2 inhibitor use and subjects who changed RA
treatment during follow-up. However, limitations of the analysis are also important to
consider. We could not obtain medical records on all confirmed CV events. However, in
events with records, 93% were adjudicated as probable or definite. We did not have a
measured blood pressure, glycohemoglobin levels, or lipid panel results for subjects.
Instead, we relied on the diagnoses and/or the presence of medications used for these
conditions. This method has been used in similar previous analyses.(20) Most patients were
white and thus, our findings may not apply to all RA populations. As well, residual
confounding is always a concern in epidemiologic studies.

These findings fit into a series of prior studies that suggest the importance of RA disease
activity. Del Rincon and colleagues demonstrated that the erythrocyte sedimentation rate
was an independent predictor of subclinical CV disease in RA, as measured by the carotid
intima medial thickness.(3) In a prior study, we demonstrated that baseline RA
characteristics independently predicted future CV events.(21) But, unlike the current study,
prior analyses have not examined longitudinal changes in disease activity. One prior study
that included longitudinal disease activity, but was much smaller, suggested a significant
elevation in CV risk with increased disease activity, but no significant elevation by disease
category.(22) An observational study of TNF antagonists suggested that patients who
respond to these agents experienced a lower risk of CV events than non-responders,
suggesting that reducing disease activity is associated with improved CV risk.(23)

Several potential implications of the current study can be considered. First, RA disease
activity during follow-up was associated with CV events, even after adjusting for the use of
immunomodulatory treatments. This suggests that controlling disease activity may be a
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more important management strategy than use of a given immunomodulator, at least in the
context of preventing CV events. This is a hypothesis worth testing, especially as
enthusiasm grows for use of combination synthetic DMARDs. Second, the adoption of a
treat to target strategy in RA (11) may be beneficial not only because of the observed
improvement in pain and function, but also because of a reduction in CV risk. Finally, while
these results were generated among a cohort of patients with RA, they do suggest the
possibility that immunomodulatory strategies may improve CV outcomes in other
populations. Such hypotheses are being tested in ongoing trials among non-rheumatic
disease populations.(12, 13)

In conclusion, we examined a large RA cohort to determine the effect of time-averaged
disease activity on CV risk. The results demonstrate a clear “dose-response” effect with
reductions in disease activity associated with reduced CV risk, independent of
immunomodulatory treatments. While these findings should not be interpreted to mean that
traditional risk factors are not important, they do support the current RA recommendations
for treating to low disease activity or remission.(8)
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This figure shows the assembly of the study cohort from the CORRONA registry. DMARD,

disease modifying anti-rheumatic drug.
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Figure2.
This figure shows the hazard ratios for the primary analysis with the reference being high

disease activity as measured by the Clinical Disease Activity Index. Model A is adjusted for
age and gender only. Model B is adjusted for age, gender, age*gender interaction, and
cardiovascular risk factors (prior MlI, presence of CAD, diabetes, hypertension,
hyperlipidemia, smoking, BMI (continuous), family history of MI, and aspirin use. Model C
is adjusted for all variables in Model B + RA disease duration and baseline use of NSAIDs
or selective COX-2 inhibitors, corticosteroids, disease modifying anti-rheumatic drugs, and
biologic drugs.
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Figure 3.
This figure shows the hazard ratios for the subgroup analyses with the reference being high

disease activity as measured by the Clinical Disease Activity Index. All hazard ratios are
from Cox proportional hazard Model C which is adjusted for age, gender, age*gender
interaction, and cardiovascular risk factors (prior Ml, presence of CAD, diabetes,
hypertension, hyperlipidemia, smoking, BMI (continuous), family history of MI, aspirin use,
RA disease duration, and baseline use of NSAIDs or selective COX-2 inhibitors,
corticosteroids, disease modifying anti-rheumatic drugs, and biologic drugs.
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