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Abstract
Objective—To investigate the incidence of noncardiac vascular disease in a community-based
incidence cohort of patients with rheumatoid arthritis (RA) and compare to that in the general
population. To investigate trends in incidence of noncardiac vascular disease in patients with RA.

Methods—A population-based inception cohort of patients with RA in Olmsted County,
Minnesota with incident RA between 1/1/1980 and 12/31/2007 and a cohort of non-RA subjects
from the same population base was assembled and followed until 12/31/2008. Venous
thromboembolic events (VTE), cerebrovascular events, and peripheral arterial events were
ascertained by medical record review.

Results—The study population included 813 patients with RA (mean age [SD] 55.9 [15.7] years,
68% women), with average length of follow-up of 9.6 years [SD 6.9]. Compared to non-RA
subjects of similar age and sex, patients diagnosed with RA between 1995 and 2007 had a higher
incidence (%) of VTE compared to non-RA subjects (cumulative incidence [±SE] 6.7 ± 1.7 vs 2.8
± 1.1, respectively; p=0.005), but similar rates of cerebrovascular and peripheral arterial events.
Among patients with RA, the incidence of VTE, cerebrovascular events, and peripheral arterial
events was similar in the 1995–2007 time period compared to the 1980–1994 time period.

Conclusion—The incidence of VTE appears to be increased in patients with RA compared to
non-RA subjects. The incidence of cerebrovascular events and peripheral vascular disease events
was similar in patients with RA compared to non-RA subjects. Among patients with RA, the
incidence of noncardiac vascular disease has remained stable in recent decades.

Patients with rheumatoid arthritis (RA) have an increased incidence of cardiovascular
disease (CVD) compared to the general population (1, 2). Patients with RA also have
increased premature mortality, some of which is due to this increased risk of CVD (3). Like
CVD, noncardiac vascular disease may be a manifestation of systemic involvement in RA,
and may have important impact on the health of patients with RA.

While there is a considerable body of literature regarding the risk of heart disease as a
component of the overall CVD risk burden in patients with RA, there is very little known
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about the incidence, risk, and outcome of noncardiac vascular disease among these patients.
The primary focus of interest in vascular disease in the study of patients with RA has been
on coronary artery disease, but it is likely that the entire vasculature is affected. Less well
studied is noncardiac vascular disease in RA, including venous thromboembolism (VTE)
(4–7), transient ischemic attack (8, 9), stroke (10–13), aortic aneurysm (14), arterial
thromboembolism (6), and peripheral artery disease (15–17).

Little is known regarding the potential risk factors for noncardiac vascular disease and what
influence the traditional cardiovascular risk factors of previous myocardial infarction,
obesity, diabetes, hypertension, and smoking have on development of these events in
patients with RA. The contribution of these risk factors has been examined in relation to
ischemic stroke (11), but as yet no study has addressed these risk factors in relation to other
noncardiac vascular diseases. There are some data regarding the effect of RA therapies on
ischemic stroke in patients with RA (11, 18), but there is little information about how
medications used to treat RA might influence the incidence of other noncardiac vascular
diseases (6).

The purpose of this study was to investigate the incidence of noncardiac vascular disease
events in a community-based incidence cohort of patients with RA and to compare this
incidence to that in the general population in the same community. Among patients with
RA, the incidence of noncardiac vascular disease events was also compared to that found in
an earlier decade in a previous study by our group (10). In addition, we examined risk
factors that may be associated with development of these events in patients with RA.

Patients and Methods
The population of Olmsted County, Minnesota is well suited for investigation of the
epidemiology of RA and noncardiac vascular disease because comprehensive medical
records on all residents who have sought medical care are available. A record linkage system
allows ready access to the medical records from all health care providers for the local
population, including the Mayo Clinic and its affiliated hospitals, the Olmsted Medical
Group, the Olmsted Community Hospital, local nursing homes, and the few private
practitioners. The potential of this data system for use in population-based studies has been
described previously (19, 20). This system ensures virtually complete ascertainment of all
clinically recognized cases of RA among the residents of Olmsted County, Minnesota.

Using this data resource, an inception cohort of all cases of RA first diagnosed between
January 1, 1980 and December 31, 2007 (n=813) among Olmsted County residents ≥18
years of age was assembled as previously described (21–23). The incidence date was
defined as the earliest date at which the patient fulfilled at least 4 of the 7 American College
of Rheumatology (ACR; formerly, the American Rheumatism Association) 1987
classification criteria for RA (24). The population of Olmsted County in 2000 was estimated
to be 124,277, and the annual incidence of RA during 1995–2007 was estimated to be 40.9
per 100,000 population (23). All cases were followed up longitudinally through their entire
medical records until death, migration from Olmsted County, or 12/31/2008. A comparison
cohort of Olmsted County residents without RA with similar age, sex and calendar year was
identified. The index date for these non-RA subjects was defined as the RA incidence date
of the corresponding patient with RA.

A comprehensive code list for diagnoses of noncardiac vascular diseases was electronically
cross matched with the medical records of the patients in the RA cohort and the non-RA
comparison cohort. The subset of patients in each cohort whose medical records contained
one or more of the codes of interest were reviewed (by AKB) to confirm the diagnosis based
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on the specified criteria. To characterize vascular morbidity in this cohort of patients with
RA, the date of first occurrence of unique noncardiac vascular disease was recorded.
Noncardiac vascular disease included VTE (deep venous thrombosis (DVT) or pulmonary
embolism (PE)), cerebrovascular events (hemorrhagic stroke, nonhemorrhagic stroke,
transient ischemic attack, or amaurosis fugax), and peripheral arterial events (abdominal
aortic aneurysm, renal artery stenosis, peripheral artery disease, or arterial
thromboembolism), as determined by fulfillment of the criteria for each disease entity (Table
1). Among the non-RA comparison cohort, the date of first occurrence of unique noncardiac
vascular disease was recorded.

A clinical diagnosis of a noncardiac vascular disease listed above was accepted if physician
or other medical provider documentation was present in the medical record that the patient
has the condition of interest. Several conditions (e.g. stroke, peripheral artery disease,
arterial thromboembolism, and VTE) were verified with objective data (imaging and related
examination) in addition to the clinical diagnosis. For conditions where there was no
objective data (e.g. transient ischemic attack and amaurosis fugax), we accepted the clinician
diagnosis if the physician documented that this condition was present. A consensus
discussion among the investigators with medical record review was held to resolve any
unclear situations or discrepancies. Disease prevalence was assessed by recording those
cases in which a vascular disease occurred prior to the diagnosis of RA or prior to the index
date in the non-RA comparison cohort. Prevalent cases were excluded from the incidence
analyses.

Cardiovascular risk factor data have been collected on patients in the RA cohort and the
non-RA comparison cohort as previously described (25–27). The cardiovascular risk factor
data include: cigarette smoking status (current, former, or never); presence of dyslipidemia,
hypertension, diabetes mellitus; personal cardiac history including presence of angina
pectoris, coronary artery disease, ischemic heart disease, myocardial infarction, heart failure
(defined by Framingham criteria (28)), pulmonary edema, or coronary revascularization
procedures (e.g. coronary artery bypass graft, percutaneous angioplasty, insertion of stents,
and atherectomy); height and weight measurements at baseline and computed body mass
index (BMI); and family history of coronary heart disease. Data were also collected on
medication use in the RA cohort including methotrexate, hydroxychloroquine, other disease
modifying anti-rheumatic drugs (DMARD; includes gold, sulfasalazine, azathioprine,
cyclophosphamide, cyclosporine, D-penicillamine or leflunomide), biologic agents,
corticosteroids, non-steroidal anti-inflammatory drugs (NSAID) including cox-2 inhibitors,
and aspirin. Atrial fibrillation was defined as the date that atrial fibrillation was first noted
on electrocardiogram. The dates of all hospital admissions were collected in both cohorts. In
the RA cohort, data indicating RA disease severity including rheumatoid factor (RF)
positivity, anti-citrullinated peptide antibody (ACPA), erosive disease, extra-articular
manifestations, joint swelling, erythrocyte sedimentation rates, or joint arthroplasty were
previously collected.

Statistical Methods
The cumulative incidence of each noncardiac vascular disease event adjusted for the
competing risk of death was estimated (29). These methods are similar to Kaplan-Meier
method with censoring of patients who are still alive at last follow-up. However, patients
who die before experiencing noncardiac vascular disease events are appropriately accounted
for to avoid overestimation of the rate of occurrence of noncardiac vascular disease events,
which can occur if such subjects are simply censored at death. For each type of noncardiac
vascular disease, patients whose first occurrence was prior to the diagnosis of RA, or prior to
the index date for subjects in the non-RA comparison cohort, were excluded from the
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analysis of cumulative incidence. In addition, the cumulative incidence of combinations of
related diagnoses of noncardiac vascular disease entities was estimated, including VTE
events, cerebrovascular events, and peripheral arterial events. The date of occurrence of each
of these combinations was the earliest date of occurrence of the any of the individual
diseases in that category. Cumulative incidence rates for the two cohorts (1995–2007 and
1985–1994) were compared using methods by Gray (30).

Cox proportional hazards models were used to compare the rate of development of
noncardiac vascular diseases, individually and in combination, between patients with RA
and the non-RA comparison cohort. In addition, Cox proportional hazards models were used
to assess the trends in noncardiac vascular disease over time and the association of risk
factors on the development of noncardiac vascular events among patients with RA.
Specifically, the differences in the rates of occurrence of noncardiac vascular disease
comparing patients with incident RA in the 1995–2007 time period to patients with incident
RA in the 1980–1994 time period were assessed. Age was used as the time scale for these
models to provide optimal adjustment for age under the assumption that age is likely the
most important time determinate of noncardiac vascular disease.

Subjects entered the model at the age they met criteria for RA and remained in the model
until the age of each unique noncardiac vascular disease event. Subjects without events were
censored at the age of death or last follow-up. The models were stratified by sex. Risk
factors of interest include those described above. Time-dependent covariates were used to
model risk factors that developed over time. These time-dependent covariates allowed
patients to be modeled as unexposed to the risk factor during the follow-up time prior to
development of the risk factor, then change to exposed following development of the risk
factor. Only events affecting an adequate number of patients (n ≥ 20) were examined in
these risk factor analyses. Risk factor analyses were limited to combined events due to the
relative paucity of individual event types and the large number of risk factors to be assessed.

Results
The RA cohort consisted of 813 patients with RA who received their diagnosis between
January 1, 1980 and December 31, 2007. All patients were 18 years or older and were
residents of Olmsted County, Minnesota at the time of RA diagnosis. There were 556
women and 257 men. The mean age [SD] at diagnosis was 55.9 [15.7] years. The average
length of followup was 9.6 [6.9] years, and 537 (66%) had positive rheumatoid factor. The
464 patients diagnosed with RA between January 1, 1995 and December 31, 2007 were
compared to 464 subjects without RA of similar age and sex (mean age [SD] 55.6 [15.5]
years, 69% women) who were also residents of Olmsted County, Minnesota at index date.

Among medications used for treatment of RA, 469 patients (58%) had received
methotrexate, 480 (59%) had received hydroxychloroquine, 258 (32%) had received another
DMARD, 137 (17%) had received a biologic, 627 (77%) had received corticosteroids, 390
(48%) had received a cox-2 inhibitor, and 737 (91%) had taken an NSAID for treatment of
RA. In the RA cohort, 349 (43%) used low dose aspirin for cardioprotection.

Patients diagnosed with RA between 1995 and 2007 were compared to non-RA subjects.
Among patients with RA diagnosed in this time period, there were 37 patients with at least
one noncardiac vascular disease event (15 with VTE, 11 with cerebrovascular, 6 with
peripheral arterial, 1 with VTE and cerebrovascular, 3 with VTE and peripheral arterial, and
1 with cerebrovascular and peripheral arterial) after RA incidence date. In the same time
period, there were 25 non-RA subjects with at least one noncardiac vascular disease event (7
with VTE, 9 with cerebrovascular, 7 with peripheral arterial, and 2 with cerebrovascular and
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peripheral arterial) after the index date. Notably, there were 52 noncardiac vascular disease
events (16 VTE, 16 cerebrovascular, 20 peripheral arterial) among 47 patients with RA prior
to the RA incidence date and 39 noncardiac vascular disease events (12 VTE, 17
cerebrovascular, 10 peripheral arterial) among 33 non-RA subjects prior to the index date;
patients with each individual noncardiac vascular disease entity were removed from the
incidence analysis for that entity.

Patients with RA had a higher cumulative incidence (%) at 10 years of VTE compared to
non-RA subjects (cumulative incidence [±SE] 6.7 ± 1.7 vs 2.8 ± 1.1, respectively; p=0.005).
This increased risk of VTE in patients with RA was noted to occur steadily throughout the
follow-up period (Figure 1). When VTE events were analyzed individually, patients with
RA had a higher 10-year cumulative incidence of both DVT (cumulative incidence [±SE]
3.1 ± 1.0 vs 1.7 ± 0.9; p=0.034) and PE (cumulative incidence [±SE] 4.8 ± 1.5 vs 1.6 ± 0.7;
p=0.050) compared to non-RA subjects. Patients with RA were more than 3 times more
likely to experience VTE compared to non-RA subjects (HR 3.6; 95% CI 1.5 – 8.6). The
risk of VTE was significantly higher within 90 days following hospital admission in both
cohorts (p<0.001). Following adjustment for hospitalization, the difference in risk of VTE
between patients with RA and non-RA subjects persisted (HR 4.4; 95% CI 1.6 – 12.0).

The 10-year cumulative incidence (%) of cerebrovascular events was similar between
patients with RA and non-RA subjects (cumulative incidence [±SE] 4.1 ± 1.2 vs 4.3 ± 1.5,
respectively; p=0.47). There was no evidence of an increased risk of cerebrovascular events
in patients with RA compared to non-RA subjects (HR: 1.4; 95% CI: 0.6–3.0). Likewise, the
10-year cumulative incidence of peripheral arterial events (cumulative incidence [±SE] 3.3 ±
1.1 vs 3.8 ± 1.4, respectively; p=0.58) was similar between patients with RA and non-RA
subjects (HR: 1.5; 95% CI: 0.6 – 3.7). The combined 10-year cumulative incidence [±SE] of
cerebrovascular and peripheral arterial events was 6.4 ± 1.5 among patients with RA
compared with 7.2 ± 2.0 among non-RA subjects (p=0.39).

Cox proportional hazards models adjusted for calendar year were used to assess potential
risk factors for VTE events in patients with RA. Among the patients with RA, 537 (66%)
had a positive rheumatoid factor, 105 (13%) had 3 or more erythrocyte sedimentation rates ≥
60 mm/hour, 433 (53%) had joint erosions or destructive changes, 267 (33%) had
rheumatoid nodules, 90 (11%) had severe extra-articular RA (31) and 147 (52% of 267 tests)
had a positive ACPA; none of these characteristics were associated with an increased risk of
VTE. At RA incidence or during followup, obesity (BMI ≥30 kg/m2) (hazard ratio [HR] 2.2,
95% confidence interval [CI] 1.2 – 3.9; p=0.010) was a time-dependent risk factor for VTE.
Among medications used to treat RA, exposure to a DMARD other than methotrexate or
hydroxychloroquine (e.g. gold, sulfasalazine, azathioprine, cyclophosphamide, cyclosporine,
D-penicillamine or leflunomide) was a time dependent risk factor for VTE (HR 1.9, 95% CI
1.02 – 3.6; p=0.042) as was exposure to a biologic (HR 2.7, 95% CI 1.2 – 6.3; p=0.016).
When all medications to treat RA were included in the same model, these associations were
attenuated (other DMARDs HR 1.7; 95% CI 0.9 – 3.3; p=0.11 and biologic HR 2.3; 95% CI
0.9 – 5.8; p=0.07). The use of low dose aspirin for cardioprotection was also a time-
dependent risk factor for VTE (HR 2.3; 95% CI 1.2 – 4.3; p=0.009). A recent lower
extremity arthroplasty (within 90 days post-surgery) was a statistically significant time-
dependent risk factor for VTE (HR 11.4; 95% CI 2.5 – 51.8; p=0.002). Heart failure was not
significantly associated with VTE (HR 1.5; 95% CI 0.6 – 3.5; p=0.36). Atrial fibrillation
was marginally associated with VTE (HR 2.0, 95% CI 0.9 – 4.4; p=0.07).

To assess for change in the incidence of noncardiac vascular disease events over time among
patients with RA, those diagnosed with RA between 1995 and 2007 (n=464) were compared
with patients diagnosed with RA between 1980 and 1994 (n=349). Among patients
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diagnosed with RA between 1995 and 2007, there were 37 patients with at least one
noncardiac vascular disease event (15 with VTE, 11 with cerebrovascular, 6 with peripheral
arterial, 1 with VTE and cerebrovascular, 3 with VTE and peripheral arterial, and 1 with
cerebrovascular and peripheral arterial) after RA incidence date. Among those patients
diagnosed with RA between 1980 and 1994, there were 71 patients with at least one
noncardiac vascular disease event (19 VTE, 20 cerebrovascular, 14 peripheral arterial, 6
with VTE and cerebrovascular, 2 with VTE and peripheral arterial, 8 with cerebrovascular
and peripheral arterial and 2 with VTE, cerebrovascular and peripheral arterial) that
occurred after the RA incidence. Prior to RA incidence, there were a total of 60 noncardiac
vascular disease events (17 VTE, 18 cerebrovascular, 19 peripheral arterial, 1 with VTE and
cerebrovascular, 3 with VTE and peripheral arterial, and 2 with cerebrovascular and
peripheral arterial); patients with each individual noncardiac vascular disease entity were
removed from the incidence analysis for that entity.

The incidence of PE was higher in the 1995–2007 time period compared with the 1980–
1994 time period (cumulative incidence [±SE] 4.8 ± 1.5 vs 0.6 ± 0.4, respectively; p=0.002).
However, the incidence of VTE was not significantly different between the 1995–2007 and
1980–1994 time periods (cumulative incidence [±SE] 6.7 ± 1.7 vs 3.6 ± 1.1, respectively;
p=0.12). The incidence of cerebrovascular disease events was similar in the 1995–2007 time
period compared to the 1980–1994 time period (cumulative incidence [±SE] 4.1 ± 1.2 vs 3.0
± 0.9, respectively; p=0.50). The incidence of peripheral arterial events was similar in the
1995–2007 time period compared to the 1980–1994 time period (cumulative incidence
[±SE] 3.3 ± 1.1 vs 3.3 ± 1.0, respectively; p=0.85).

Event rates per 1000 person-years for patients with RA diagnosed in 1995–2007 are also of
interest. Cerebrovascular events occurred at a rate of 5.0 per 1000 person years (95% CI: 2.6
– 8.5). The rate of VTE was 7.4 per 1000 person-years (95% CI: 4.4 – 11.5). The rate of
peripheral arterial events was 3.9 per 1000 person-years (95% CI: 1.9 – 7.1), and the rate of
development of first cerebrovascular or peripheral arterial event was 7.6 per 1000 person-
years (95% CI: 4.5 – 11.8).

Discussion
Patients with RA diagnosed between 1995 and 2007 appear to have a higher incidence of
VTE compared to non-RA subjects from the general population. Over the period 1980–
2007, the incidence of VTE among patients with RA has remained stable. Although the
technology used to confirm a diagnosis of VTE has evolved and improved over time, the
finding that the incidence is different only between patients with RA and non-RA subjects,
and did not increase during the study period, suggests that this finding cannot be explained
by detection bias alone. While patients with RA may be seen on a more regular basis by a
physician due to the chronic nature of their disease, it seems unlikely that VTE would be an
incidental finding at a routine office visit that would not have caused the patient to seek
medical attention when symptoms began.

The incidence of PE in the general population of Olmsted County appeared to decrease
between 1966 and 1990, while the incidence of DVT was unchanged among men and was
increased among older women (32). The incidence of all VTE (PE and DVT) occurring
between 1991 and 1997 did not changed significantly compared to the period 1981 and 1990
in the Olmsted County population (33).

Reported independent risk factors for VTE include major surgery, hospital or nursing home
confinement, trauma, malignancy, chemotherapy, leg paresis due to neurologic disease,
previous central venous catheter or pacemaker placement, and superficial vein thromboses
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(34, 35). One study found that rheumatologic disease approached statistical significance as a
risk factor for DVT in outpatients but did not define rheumatologic disease or how it was
detected (36).

Our examination of potential time-dependent risk factors for VTE among patients with RA
demonstrated that obesity was a time-dependent risk factor for VTE, which is consistent
with other studies (37, 38). We did not find an association between congestive heart failure
and VTE, which differs from the findings of Heit et al. (35) who found congestive heart
failure to be a risk factor for VTE in patients hospitalized for acute medical illness. In the
current study, there was an increased risk of VTE within 90 days of hospitalization in both
patients with RA and non-RA subjects; adjusting for hospitalization revealed a persistent
elevated risk for VTE in patients with RA. Ramagopalan et al. (7) reported an increased
relative risk of VTE sustained over both short (≤ 90 days) and long (≥ 91 days) intervals
following hospital admission among patients with RA compared to a reference cohort of
non-RA patients.

Patients are at higher risk for VTE in the post-operative period in the general population
(34). We evaluated this risk in the context of orthopedic surgeries in patients with RA, and
found it to be increased as a time-dependent cofactor within 90 days following lower
extremity arthroplasty. Matta el al. (4) found the incidence of VTE among hospitalized
patients with RA who did not have joint surgery did not change between 1979 and 2005.
VTE incidence was higher among hospitalized patients with RA who did not undergo joint
surgery compared to both hospitalized RA patients who had joint surgery, and to
hospitalized non-RA subjects who did not have joint surgery. Matta et al. (4) used diagnostic
codes to identify patients with RA, PE, DVT, and orthopedic procedures. A strength of our
study is that we used individual patient record information rather than relying on diagnostic
codes, as reliance on database information only for the diagnosis of RA can be misleading
(39).

The occurrence of VTE in our patient population was associated with exposure to biologics
treatment. In our cohort, more than 95% of the biologic agents used are anti-tumor necrosis
factor (TNF) agents. Our findings are similar to Kawakami et al. (5), who reported that DVT
occurred more frequently in the group treated with anti-TNF agents compared to those
receiving conventional DMARDs; use of TNF blockers was the only statistically significant
risk factor for DVT. Petitpain et al. (6) reported the incidence of arterial and VTE events
during anti-TNF therapy between 2000 and 2006 in patients with RA,
spondyloarthropathies, and inflammatory bowel disease and found that VTE occurred in
several patients without other risk factors for VTE. The authors suggest that anti-TNF
therapy could favor development of VTE. The reasons for this association are unclear, but
use of biologics may be a surrogate for RA and non-RA related factors which will require
further exploration.

Antiphospholipid antibodies may contribute to the incidence of VTE among patients with
RA. The prevalence of antiphospholipid antibodies among patients with RA ranges from 5%
to 75% (40). Anti-TNF agents can induce the development of a variety of autoantibodies,
including antiphospholipid antibodies (41). Most of the studies examining VTE in RA,
including our study, are retrospective in nature and lack complete data regarding the
presence of antiphospholipid antibodies (4–7), hence further research is needed to assess the
possible contribution of antiphospholipid antibodies to VTE.

The incidence of cerebrovascular events was not significantly different between patients
with RA and non-RA subjects in the current study. Other studies have reported conflicting
results in regard to stroke incidence in RA patients (12, 13, 42). Similar to Nadareishvili et
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al. (11) we found that the presence of coronary heart disease, use of low-dose aspirin, and
use of cox-2 inhibitors were risk factors for cerebrovascular events. Our study differs from
Solomon et al. (12) who unexpectedly found that patients with RA with a previous history of
CVD events did not have an increased risk of subsequent CVD events. Further research is
needed to explore these associations.

Strengths of the current study include use of a population-based incident cohort with long-
term follow up and record linkage system which permits capture of nearly all of the cases of
RA in the community and minimizes referral bias.

Potential limitations of the study include the fact that the population of Olmsted County,
Minnesota is predominantly Caucasian, and the results may not be generalized to other
patient populations. The use of retrospective methodology limits the analysis to the case
record data collected by the managing physician, although most of the factors that we
adjusted for have been systematically recorded and utilized in our previous studies (25–27).
We were unable to assess the contribution of physical activity level, the effects of biologic
and other DMARDs especially with respect to confounding by indication, or NSAID, as
these available over the counter and are not accurately recorded in the medical record. The
study is also limited by the relative rarity of some individual event types. Hence, trend
assessment was only performed for individual noncardiac vascular diseases or combinations
of noncardiac vascular diseases with at least 20 events.

The well-recognized increased incidence of CVD in RA has lead to increased efforts at
primary prevention as well as ongoing research into areas such as biomarkers that may be
related to this increased risk. The results of our study indicate that patients with RA also
have an increased risk of VTE compared to the general population. Future directions for
research into these questions will include examination of the trends in the identified risk
factors for VTE, such as arthroplasty and other types of surgical procedures, cancer and
other possible risk factors for VTE. Efforts to identify and treat vascular disease in patients
with RA should be extended to awareness and management of the entire vascular system.
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Figure 1.
Cumulative incidence of venous thromboembolic events in 464 patients with incident
rheumatoid arthritis (solid line) in 1995–2007 compared to 464 non-RA subjects (dashed
line; p=0.005).
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Table 1

Criteria for inclusion in the study of noncardiac vascular disease in rheumatoid arthritis (RA) and non-RA
subjects*

1. Hemorrhagic stroke Clinical diagnosis by neurologist + verified by CT/MRI or autopsy or cerebrospinal fluid
analysis

2. Nonhemorrhagic stroke or nonspecified stroke Clinical diagnosis by neurologist + verified by CT/MRI or autopsy

3. Transient ischemic attack Clinical diagnosis by neurologist

4. Amaurosis fugax Clinical diagnosis

5. Aortic aneurysm Diameter increased >50% compared with normal values; diameter ≥3.0 cm in abdominal
aorta (43); verified by ultrasound/CT or at autopsy

6. Renal artery stenosis Verified by ultrasound/renal scintigraphy/angiography; assumed clinically significant if
detected

7. Peripheral artery disease or atherosclerosis
obliterans

Clinical diagnosis supported by documented vascular physical examination; ankle/brachial
index <0.9 or angiography confirming disease, if performed

8. Arterial thromboembolism Clinical diagnosis supported by angiography or autopsy

9. Deep vein thrombosis Verified by phlebography/venography or ultrasound or autopsy

10. Pulmonary embolism Verified by angiography, CT angiography, scintigraphy, or autopsy

*
CT = computed tomography; MRI = magnetic resonance imaging
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Table 2

Characteristics of 464 patients with incident rheumatoid arthritis (RA) in 1995–2007 and 464 patients without
RA in 1995–2007

Variable RA Non-RA p-value

Age, years, mean ± SD 55.6 ± 15.5 55.5 ± 15.5 0.97

Female 320 (69) 320 (69) 1.0

Length of follow-up, years, mean ± SD 5.9 ± 3.5 6.8 ± 3.6 --

Smoking 0.19

-   current 80 (17) 69 (15)

-   former 155 (33) 138 (30)

Alcohol abuse

   At incidence/index date 37 (8) 30 (6) 0.37

   Ever during follow-up 41 (9) 36 (8) 0.51

Hypertension

   At incidence/index date 191 (41) 174 (38) 0.25

   Ever during follow-up 281 (67) 245 (61) 0.003

Dyslipidemia

   At incidence/index date 279 (60) 263 (57) 0.29

   Ever during follow-up 325 (75) 317 (72) 0.32

Obesity (BMI ≥30 kg/m2)

   At incidence/index date 210 (45) 192 (41) 0.23

   Ever during follow-up 238 (54) 239 (54) 0.86

Diabetes mellitus

   At incidence/index date 48 (10) 43 (9) 0.58

   Ever during follow-up 77 (20) 81 (19) 1.0

Atrial fibrillation

   At incidence/index date 20 (4) 22 (5) 0.75

   Ever during follow-up 47 (15) 47 (12) 0.67

Rheumatoid factor positive 306 (66) -- --

Severe extra-articular RA, ever 40 (11) -- --

Total number of hospitalizations 791 (29) 640 (20) <0.001

Ever during follow-up (rate per 100 person-years)

*
The values are given as number (%) if not indicated otherwise. Percentages for “ever during follow-up” are estimates of cumulative incidence at

10 years of follow-up with p-values obtained using Gray’s methods (see statistical methods section). P-values for “at incidence/index date” are
obtained from chi-square tests.

Abbreviations: RA = rheumatoid arthritis; SD = standard deviation; BMI = body mass index; CHD = coronary heart disease
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