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Cardiovascular Death in Rheumatoid Arthritis
A Population-Based Study
Hilal Maradit-Kremers, Paulo J. Nicola, Cynthia S. Crowson, Karla V. Ballman,
and Sherine E. Gabriel
Objective. To determine whether systemic inflammation confers any additional risk for cardiovascular
death among patients with rheumatoid arthritis (RA),
after adjusting for traditional cardiovascular risk factors and comorbidities.
Methods. Using the population-based data resources of the Rochester Epidemiology Project, we assembled an incidence cohort of all Rochester, Minnesota residents ages >18 years who first fulfilled the
American College of Rheumatology 1987 criteria for RA
between January 1, 1955 and January 1, 1995. All
subjects were followed up longitudinally through their
complete (inpatient, outpatient) medical records, beginning at age 18 years and continuing until death, migration, or January 1, 2001. Detailed information on the
occurrence of various cardiovascular risk factors (personal history of coronary heart disease [CHD], congestive heart failure, smoking, hypertension, dyslipidemia,
body mass index [BMI], diabetes mellitus, menopausal
status) as well as indicators of systemic inflammation
and RA disease severity (rheumatoid factor [RF] seropositivity, erythrocyte sedimentation rate [ESR], joint
swelling, radiographic changes, RA nodules, RA complications, RA treatments, disease duration) and comorbidities were collected on all subjects. Causes of death
were ascertained from death certificates and medical

records. Cox regression models were used to estimate
the independent predictors of cardiovascular death.
Results. This inception cohort comprised a total
of 603 RA patients whose mean age was 58 years, of
whom 73% were women. During a mean followup of 15
years, 354 patients died and cardiovascular disease was
the primary cause of death in 176 patients. Personal
history of CHD, smoking, hypertension, low BMI, and
diabetes mellitus, as well as comorbidities, including
peripheral vascular disease, cerebrovascular disease,
chronic pulmonary disease, dementia, ulcers, malignancies, renal disease, liver disease, and history of alcoholism, were all significant risk factors for cardiovascular
death (P < 0.01 for each). Multivariable Cox regression
analyses, controlled for cardiovascular risk factors and
comorbidities, revealed that the risk of cardiovascular
death was significantly higher among RA patients with
at least 3 ESR values of >60 mm/hour (hazard ratio
[HR] 2.03, 95% confidence interval [95% CI] 1.45–2.83),
RA vasculitis (HR 2.41, 95% CI 1.00–5.81), and RA lung
disease (HR 2.32, 95% CI 1.11–4.84).
Conclusion. These results indicate that markers
of systemic inflammation confer a statistically significant additional risk for cardiovascular death among
patients with RA, even after controlling for traditional
cardiovascular risk factors and comorbidities.

Supported in part by the NIH (grant R01-R4-6849 from the
National Institute of Arthritis and Musculoskeletal and Skin Diseases
and grant AR-30582 from the USPHS). Dr. Nicola’s work was
supported by a fellowship from the Luso-American Foundation.
Hilal Maradit-Kremers, MD, MSc, Paulo J. Nicola, MD,
Cynthia S. Crowson, BS, Karla V. Ballman, PhD, Sherine E. Gabriel,
MD, MSc: Mayo Clinic, Rochester, Minnesota.
Address correspondence and reprint requests to Sherine E.
Gabriel, MD, MSc, Department of Health Sciences Research, Mayo
Clinic, 200 1st Street SW, Rochester, MN 55905. E-mail:
gabriel.sherine@mayo.edu.
Submitted for publication August 29, 2003; accepted in
revised form December 2, 2004.

Rheumatoid arthritis (RA) is a chronic systemic
inflammatory disease of unknown etiology, affecting
⬃1% of the adult general population (1,2). Patients with
RA not only have a higher chronic disease burden (3,4)
but also may have increased morbidity and mortality
from cardiovascular disease compared with persons
without RA (2,5–21).
Although the ultimate cause of atherosclerosis is
unknown, evidence from both laboratory and epidemiologic research suggests that systemic inflammation
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plays a critical role (22–25). If this is so, it could explain
the higher than expected rates of cardiovascular disease
observed in patients with chronic systemic inflammatory
diseases such as RA (26). However, observational studies published to date provide little insight as to the
etiologic mechanisms behind these findings. The aim of
the present study was to determine whether markers of
systemic inflammation and indicators of RA disease
severity confer any additional risk for cardiovascular
death after adjusting for traditional cardiovascular risk
factors and comorbidities in a population-based incidence cohort of patients with RA.

Ascertainment of outcomes. All causes of death (including both underlying and contributory causes) as reported
in the medical records and/or death certificates were collected
for all deceased patients. All patients (irrespective of residency
status) were tracked nationally to ascertain vital status, and
death certificates were obtained from the respective states for
subjects who were deceased out of state. For this study,
cardiovascular death included the following causes of death:
coronary heart disease (CHD) deaths (i.e., old or previous or
acute myocardial infarction, stable or unstable angina pectoris,
CHD, other forms of chronic ischemic heart disease), arrythmias, dysrhythmias, hypertension, congestive heart failure
(CHF), pulmonary edema, rheumatoid heart disease, valvular
stenosis or insufficiency, and ruptured aortic aneurysm. As
reported previously (33), the death certificate diagnoses of
out-of-hospital CHD deaths and sudden cardiac deaths in
Rochester, Minnesota have high sensitivity and positive predictive values of 91% and 96%, respectively.
Cardiovascular risk factors. Detailed information was
collected regarding each clinically documented occurrence of
the following cardiovascular risk factors during the entire
followup period. Dyslipidemia was defined according to the
cutoff values proposed by the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III) guidelines (34,35). Elevated levels of low-density
lipoprotein cholesterol were defined as values ⱖ160 mg/dl,
elevated total cholesterol as ⱖ240 mg/dl, below-normal highdensity lipoprotein cholesterol as ⬍40 mg/dl, and elevated
triglycerides as ⱖ150 mg/dl. Diabetes mellitus was defined
according to the diagnostic criteria adopted by the World
Health Organization consultation group in 1998, with a determination of fasting plasma glucose ⱖ126 mg/dl or a 2-hour
plasma glucose ⱖ200 mg/dl following a glucose load, a clearly
documented history of diabetes, and/or current treatment for
hypoglycemia (including insulin) (36). The date at which
subjects first fulfilled these diagnostic criteria was considered
the diabetes mellitus incidence date. Hypertension was defined
according to the criteria of the Joint National Committee on
Detection, Evaluation and Treatment of High Blood Pressure
(37,38). Subjects with 2 or more ambulatory blood pressure
readings ⱖ140 mm Hg systolic and/or 90 mm Hg diastolic were
considered to have hypertension, and the first date of fulfillment of these criteria was considered the hypertension incidence date. Subjects who did not fulfill these criteria but who
had a physician’s diagnosis of hypertension in their medical
records and/or were receiving antihypertensive agents were
also considered to have hypertension, and the earliest recorded
date of hypertension diagnosis was considered the hypertension incidence date.
Cigarette smoking status was determined at the RA
incidence date and categorized as current, former, or never.
Use of other tobacco products (e.g., pipe, cigar) was not
considered. We recorded the first documentation of the adult
(ⱖ18 years) patient’s height and weight as well as all weight
changes of ⫾15 pounds (6.8 kg) and all height changes of ⫾2
inches (6 cm) over the entire followup period. Body mass index
(BMI) (defined as weight in kilograms divided by the square of
the height in meters) was calculated at each encounter. High
BMI (obesity) was defined as ⱖ30 kg/m2 and low BMI as ⬍20
kg/m2. Obesity was defined in accordance with the guidelines

PATIENTS AND METHODS
Data collection. The population of Rochester, Minnesota is optimally suited for investigation of the long-term
outcomes of patients with RA. A medical records linkage
system allows ready access to the complete (inpatient and
outpatient) records from all health care providers for the local
population, including the Mayo Clinic and its affiliated hospitals, the Olmsted Medical Center and its affiliated community
hospital, local nursing homes, and the few private practitioners. The potential of this data system for population-based
research has been previously described (27,28). This system
ensures virtually complete clinical and vital status information
on all clinically recognized cases of RA among Rochester
residents.
Using this data resource, we retrospectively assembled
a population-based incidence cohort of all patients with RA
first diagnosed between January 1, 1955 and January 1, 1995
among Rochester, Minnesota residents ⱖ18 years of age, as
previously described (29–31). All patients fulfilled the American College of Rheumatology (ACR; formerly, the American
Rheumatism Association) 1987 criteria for RA (32). The RA
incidence date was defined as the first date of fulfillment of 4
of the 7 diagnostic criteria. All subjects were followed up
longitudinally through their complete medical records beginning at age 18 years (or date of migration to Olmsted County
for those who first became residents after age 18 years) and
continuing until death, migration from Olmsted County, or
January 1, 2001.
Three trained nurse abstractors collected the data
according to a prespecified and pretested protocol. Iterative
comparative studies were performed in which samples of
medical records were reviewed by all nurse abstractors. Guided
by the results of these studies, the protocol and data entry
instruments were revised to reduce ambiguity and ensure
agreement. Regular weekly meetings were held throughout the
data abstraction period to identify and correct problems in
data collection, interpretation of definitions, and application of
study criteria. Before commencing data analysis, an extensive
series of checks for data consistency, proper sequences of
dates, and an evaluation of missing or incomplete data were
performed. When necessary, medical records were reviewed
again, and questions were resolved by consensus of the investigative team.
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on the Identification, Evaluation and Treatment of Overweight
and Obesity in Adults (39). Other variables included as
potential predictors of cardiovascular death were personal
history of CHD, family history of CHD in first-line descendents, and menopausal status at RA incidence (pre- versus
postmenopausal). Personal history of CHD included angina
pectoris, coronary artery disease, coronary insufficiency, ischemic heart disease, myocardial infarction (including silent
events), CHF, pulmonary edema, and coronary revascularization procedures (i.e., coronary artery bypass graft, percutaneous angioplasty, insertion of stents, and atherectomy). CHF
was defined according to the Framingham Heart Study criteria
(40). Selected comorbid conditions were ascertained through
review of the medical records and classified using the Charlson
comorbidity index (41), and included peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, dementia, ulcers, malignancies, renal disease, liver disease, and
history of alcoholism.
RA disease characteristics. RA-related risk factors
included RF seropositivity (ⱖ40 IU/ml), erythrocyte sedimentation rate (ESR), tender and/or swollen joint counts, erosions,
periarticular osteoporosis, and/or destructive changes on radiographs, rheumatoid nodules (absent/present), RA complications, disease duration, and the use of disease-modifying
antirheumatic drugs (DMARDs) and/or corticosteroids. The
ESR at the RA incidence date was defined as the highest
recorded ESR during the first year after the RA incidence
date. Sustained elevation of the ESR was defined as ⱖ3
recorded ESR values of ⱖ60 mm/hour, with a minimum
interval of 30 days between 2 measurements. Joint tenderness
and/or swelling was categorized as small-joint involvement
(including wrists, ankles, metacarpophalangeal, metatarsophalangeal, distal interphalangeal, and/or proximal interphalangeal joints of the hand and foot) and large-joint involvement
(including the elbow, shoulder, hip, and knee joints). RA
complications included rheumatoid lung disease (i.e., pulmonary vasculitis, intrapulmonary rheumatoid nodules, Caplan’s
syndrome, chronic pleuritis, interstitial pneumonitis and fibrosis, bronchiolitis), vasculitis (i.e., various forms of vasculitis,
arteritis, vasculopathy, mononeuritis multiplex), Felty’s syndrome, Sjögren’s syndrome, rheumatoid myocarditis, and
others (e.g., scleritis, episcleritis, uveitis, bronchiolitis obliterans). Use of corticosteroids and DMARDs was classified as
use within the first year after the RA incidence date, and
separately as ever/never, and included intramuscular or oral
gold, sulfasalazine, hydroxychloroquine, azathioprine,
D-penicillamine, methotrexate, leflunomide, etanercept, infliximab, immunosuppressants, and alkylating agents.
Statistical analysis. Potential predictors of cardiovascular death included cardiovascular risk factors, comorbidities,
and RA disease characteristics (see Table 1 for complete list).
All potential predictors were assessed at the RA incidence
date and throughout followup, except family history of CHD,
smoking status, and menopausal status, which were assessed
only at baseline. Laboratory values and radiographic assessments closest to the RA incidence date (within 30 days) were
considered to be baseline values. DMARD exposures of ⬍30
days’ duration were not included in the analyses.
Cox regression models were used to estimate the
influence of all potential predictors on cardiovascular death.
The primary analyses included cardiovascular deaths listed as
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the underlying cause of death. All analyses were also repeated
by including patients whose cardiovascular disease was listed as
a contributory cause of death. Age was used as the time scale
for these models, and the analyses were stratified by sex. The
age at which patients entered the study was their age at the RA
incidence date, with the end point being death or last followup.
Hazard ratios (HRs) were computed univariately for each
potential predictor. Factors assessed throughout followup were
modeled as dichotomous time-dependent covariates. These
time-dependent covariates allow patients to be changed from
the unexposed category to the exposed category at the time of
diagnosis of a particular risk factor during followup. In the
analysis of disease duration, the exposure status of patients
changed in yearly intervals throughout the followup period. A
series of dichotomous time-dependent variables (duration ⬍X
[with X being the number of years] versus duration ⬎X) were
examined.
A multivariable model was developed using a hierarchical process. First, the cardiovascular risk factors were
entered into the model. Time-dependent covariates were used
for hypertension, diabetes, and BMI. Smoking status at baseline was modeled using 2 indicator variables comparing former
and current smokers with subjects who never smoked. Personal
history of CHD at baseline, rather than time-dependent CHD
events, was included in the model. Propensity scoring was used
in order to correct for potential biases associated with missing
lipid values (see Table 1). Because cholesterol screening was
not performed routinely during the early years of our study
period, lipid values may not be missing at random. Logistic
regression models were used to determine predictors of the
absence of lipid values. Separate models were developed for
the periods before and after 1980, when cholesterol screening
became more prevalent. The reciprocals of the predicted
probabilities from these models were then used as case weights
in Cox models that assessed the importance of dyslipidemia as
a predictor of cardiovascular death (42).
Next, a stepwise process was used to assess the impact
of adding comorbidities to the multivariable model containing
the cardiovascular risk factors. All comorbidities were modeled
as time-dependent covariates, and only significant predictors
were included in the multivariable model. Following the
addition of comorbidities, the RA disease characteristics were
considered. In adjusted univariate models, we included each
RA disease characteristic one at a time in a multivariable
model that already included the cardiovascular risk factors and
comorbidities. All RA factors were modeled as timedependent covariates, and a stepwise process was used to
determine which factors contributed independently to the
model already developed. All 2-way interactions between
significant RA disease characteristics and cardiovascular risk
factors were assessed. Cox model diagnostics were examined
(42,43). Multidimensional scaling analysis was used to examine
the stability of the multivariable model (44).

RESULTS
The study population comprised 603 patients
with RA. These patients had a mean age of 58 years, and
73.1% were female (Table 1). By January 1, 2001, 354
subjects were deceased, 201 were still under observation,
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Table 1. Characteristics of 603 Rochester, Minnesota residents (ⱖ18 years of age) who first fulfilled the 1987 criteria for RA between January 1,
1955 and January 1, 1995 and who were followed up until January 1, 2001*
At RA incidence date
Characteristic
Demographics
Age, mean ⫾ SD years
Female
Length of followup, mean ⫾ SD years
Cardiovascular risk factors
Family history of CHD
Personal history of CHD
Congestive heart failure
Cigarette smoking status†
Never smoked
Former smoker
Current smoker
Hypertension
Treated‡
Dyslipidemia
Treated‡
BMI
ⱖ30.0 kg/m2
⬍20 kg/m2
Diabetes mellitus
Treated‡
Postmenopausal§
Hormone replacement therapy
Comorbidities
Peripheral vascular disease
Cerebrovascular disease
Chronic pulmonary disease
Dementia
Ulcers
Malignancies
Renal disease
Liver disease
History of alcoholism
RA disease characteristics
Rheumatoid factor titer ⱖ1:40
ESR¶
Joint swelling
Small joints
Large joints
Radiographic changes
Destructive changes
Erosions
Periarticular osteoporosis
Rheumatoid nodules
RA complications#
RA vasculitis
RA lung disease
Medication use ⱖ30 days
DMARDs
Corticosteroids

Ever

Observed no. of
patients

Value

Observed no. of
patients

Value

603
603
–

58.0 ⫾ 15.2
441 (73.1)
–

–
–
603

–
–
15.0 ⫾ 9.9

451
603
603
573
–
–
–
603
–
330
–

287 (63.6)
93 (15.4)
33 (5.5)

–
603
603

–
328 (54.4)
210 (34.8)

255 (44.5)
148 (25.8)
170 (29.7)
312 (51.7)
91 (29.2)
163 (49.4)
11 (6.7)

–
–
–
603
–
504
–

–
–
–
494 (81.9)
237 (48.0)
326 (64.7)
49 (15.0)

516
516
603
–
441
441

69 (13.4)
63 (12.2)
44 (7.3)
12 (27.3)
299 (67.8)
66 (15.0)

574
574
603
–
441
441

137 (23.9)
205 (35.7)
113 (18.7)
37 (32.7)
398 (90.2)
126 (28.6)

603
603
603
603
603
603
603
603
603

23 (3.8)
20 (3.3)
75 (12.4)
6 (1.0)
76 (12.6)
33 (5.5)
7 (1.2)
5 (0.8)
13 (2.2)

603
603
603
603
603
603
603
603
603

106 (17.6)
126 (20.9)
203 (33.7)
104 (17.2)
235 (39.0)
145 (24.0)
56 (9.3)
17 (2.8)
42 (7.0)

514
576

302 (58.8)
46.7 ⫾ 30.1

574
573

393 (68.5)
179 (31.2)

571
558

542 (94.9)
233 (41.8)

603
603

591 (98.0)
506 (83.9)

453
453
453
603
603
603
603

93 (20.5)
34 (7.5)
24 (5.3)
35 (5.8)
0 (0.0)
0 (0.0)
0 (0.0)

535
535
535
603
603
603
603

243 (45.4)
94 (17.6)
57 (10.6)
197 (32.7)
151 (25.0)
21 (3.5)
24 (4.0)

603
603

216 (35.8)
148 (24.5)

603
603

345 (57.2)
332 (55.1)

* Except where indicated otherwise, values are the number (%) of patients. RA ⫽ rheumatoid arthritis; CHD ⫽ coronary heart disease; BMI ⫽ body
mass index; ESR ⫽ erythrocyte sedimentation rate; DMARDs ⫽ disease-modifying antirheumatic drugs.
† The few patients who were known to have smoked but for whom it was unclear whether they were current or former smokers were categorized
as former smokers.
‡ Percentages are the percentage of pharmacologically treated patients among patients with RA.
§ Among female patients.
¶ The value for the RA incidence date is the mean ⫾ SD of the highest recorded ESR values in the first year after the RA incidence date. The ever
value is the number (%) of patients with ⱖ3 recorded ESR values of ⱖ60 mm/hour.
# Includes complications such as rheumatoid lung disease, vasculitis, Felty’s syndrome, Sjögren’s syndrome, and rheumatoid myocarditis.
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Table 2. Demographic and traditional predictors of cardiovascular death among the 603 patients with incident RA*
At RA incidence date
Predictor
Cardiovascular risk factors
Family history of CHD
Personal history of CHD
Cigarette smoking status
Never smoked
Former smoker
Current smoker
Hypertension
Treated†
Not treated
Dyslipidemia
Treated†
Not treated
BMI
ⱖ30 kg/m2
⬍20 kg/m2
Diabetes mellitus
Treated†
Not treated
Postmenopausal
Hormone replacement therapy
Comorbidities
Peripheral vascular disease
Cerebrovascular disease
Chronic pulmonary disease
Dementia
Ulcers
Malignancies
Renal disease
Liver disease
History of alcoholism
RA disease characteristics
Rheumatoid factor titer ⱖ1:40
ESR
Joint swelling
Small joints
Large joints
Radiographic changes
Destructive changes
Erosions
Periarticular osteoporosis
Rheumatoid nodules
RA complications
RA vasculitis
RA lung disease
Medication use
DMARDs
Corticosteroids
Duration of RA
⬍1 year
1 to ⬍4 years
4 to ⬍8 years
ⱖ8 years

Time-dependent

HR

95% CI

HR

95% CI

1.04
1.91

0.71–1.52
1.38–2.66

1.00
1.48
1.82
1.44
2.61
1.14
1.00
0.80
1.01

–
0.99–2.22
1.21–2.73
1.01–2.04
1.71–3.99
0.78–1.65
0.64–1.55
0.19–3.39
0.65–1.58

–
6.52
–
–
–
–
2.58
3.42
2.12
1.14
0.85
1.16

–
4.24–10.03
–
–
–
–
1.33–5.03
1.72–6.81
1.07–4.21
0.80–1.61
0.36–2.00
0.82–1.66

0.67
2.39
2.17
1.27
2.74
1.73
1.28

0.39–1.17
1.50–3.80
1.38–3.44
0.51–3.13
1.64–4.57
0.90–3.30
0.80–2.04

1.11
2.16
1.55
1.84
2.62
0.98

0.78–1.60
1.57–2.96
1.09–2.19
0.97–3.48
1.41–4.87
–
0.62–1.54

1.10
1.22
1.38
NA
1.29
1.33
NA
NA
3.76

0.59–2.06
0.63–2.39
0.92–2.08
–
0.88–1.89
0.80–2.21
–
–
1.70–8.30

1.86
2.11
1.93
2.46
1.59
1.46
4.19
2.77
2.51

1.30–2.65
1.49–2.97
1.42–2.64
1.65–3.66
1.17–2.17
1.03–2.01
2.82–6.22
1.00–7.64
1.48–4.27

1.22
1.10‡

0.87–1.71
1.04–1.15

1.62
2.12§

1.15–2.27
1.55–2.89

0.98
1.48

0.52–1.87
1.09–2.01

1.72
1.80

0.70–4.20
1.19–2.73

1.46
1.60
0.38
1.54
NA
NA
NA

0.98–2.18
0.83–3.10
0.09–1.55
0.85–2.79
–
–
–

1.43
1.41
0.78
1.55
1.43
2.29
2.68

1.03–1.98
0.86–2.31
0.40–1.55
1.10–2.16
1.01–2.04
1.03–5.10
1.43–5.01

1.24¶
1.14¶

0.88–1.76
0.79–1.64

1.28
1.70

0.93–1.76
1.26–2.29

–
–
–
–

–
–
–
–

1.00
0.65
0.89
0.87

–
0.28–1.52
0.41–1.94
0.42–1.79

* Values are the hazard ratio (HR) (95% confidence interval [95% CI]) calculated from the estimated coefficients (and standard errors) in univariate
Cox regression models. NA ⫽ number of cases too small to warrant analysis (see Table 1 for other definitions).
† Treated versus nontreated groups were compared using a Cox model (with 2 degrees of freedom) examining the effect of treatment after adjusting
for the diagnosis of hypertension, dyslipidemia, or diabetes mellitus.
‡ Highest recorded ESR within the first year after the RA incidence date (HR per 10 mm/hour).
§ For patients with ⱖ3 recorded ESR values of ⱖ60 mm/hour.
¶ Medication use within the first year.
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and 48 were lost to followup. Of the 354 deaths in our
cohort, the underlying cause of death was classified as
cardiovascular in 176 patients (49.7%). In 38 additional
patients, cardiovascular disease was listed as a contributory cause of death. Table 1 shows the characteristics of
the study population at the RA incidence date and over
the mean followup of 15 years (9,045 person-years).
At the RA incidence date, 93 patients (15.4%)
had a history of CHD and 33 patients (5.5%) had a
previous diagnosis of CHF. More than half of the
patients were either former smokers (25.8%) or current
smokers (29.7%). In addition, the frequencies, at the RA
incidence date, of hypertension, dyslipidemia, obesity,
and diabetes mellitus were 51.7%, 49.4%, 13.4%, and
7.3%, respectively. By the end of the followup period,
81.9% of the subjects fulfilled the criteria for hypertension, 64.7% for dyslipidemia, 23.9% for obesity, and
18.7% for diabetes mellitus. Table 1 also shows the
prevalence of selected comorbid conditions and RA
disease characteristics as well as use of DMARDs and
corticosteroids both at the RA incidence date and by the
end of the entire followup period. The proportion of
patients with missing data were as follows: 25% for
family history of CHD, 16% for dyslipidemia, 9% for
BMI, 5% each for RF and ESR, and 11% for radiographic changes (Table 1).
Cox regression models were used to examine the
association between cardiovascular death and traditional
cardiovascular risk factors, comorbidities, and RA disease characteristics (Table 2). Predictor variables were
tested one at a time, first at the RA incidence date, and
then considering the covariates as time-dependent (Table 2). All models were stratified by sex. In Cox models
considering the status of risk factors at the RA incidence
date, personal history of CHD (HR 1.91, 95% confidence interval [95% CI] 1.38–2.66), current smoking
status (versus never smoked, HR 1.82, 95% CI 1.21–
2.73), hypertension (HR 1.44, 95% CI 1.01–2.04), low
BMI (HR 2.39, 95% CI 1.50–3.80), and diabetes mellitus
(HR 2.17, 95% CI 1.38–3.44) were statistically significantly associated with cardiovascular death (Table 2).
The findings were similar in time-dependent analyses,
which evaluated the changes in risk factors over the
followup period (Table 2). The diagnoses of dyslipidemia and obesity, either at baseline or over the followup
period, did not show a statistically significant association
with cardiovascular death. After incorporating weights
from the propensity scoring analysis, dyslipidemia remained a nonsignificant predictor of cardiovascular
death.
Among the various comorbidities examined at

the RA incidence date, only history of alcoholism was a
significant predictor of cardiovascular death. In timedependent analyses, peripheral vascular disease, cerebrovascular disease, chronic pulmonary disease, dementia, ulcers, malignancies, renal disease, and liver disease
were all significant predictors of cardiovascular death,
with HR values ranging from 1.46 (for malignancies) to
4.19 (for renal disease) (Table 2).
In a similar manner, Cox models were used to
assess RA disease characteristics as predictors of cardiovascular death, both at the RA incidence date and
during followup (Table 2). At the RA incidence date,
higher ESR values (HR 1.10 per 10 mm/hour, 95% CI
1.04–1.15) and swelling of large joints (HR 1.48, 95% CI
1.09–2.01) were both significant predictors of cardiovascular death. The association between each of these
variables and the risk of cardiovascular death remained
statistically significant in time-dependent analyses (Table 2). Over the followup period after the RA incidence
date, RF seropositivity (HR 1.62, 95% CI 1.15–2.27),
destructive changes on radiographs (HR 1.43, 95% CI
1.03–1.98), rheumatoid nodules (HR 1.55, 95% CI 1.10–
2.16), complications of RA (HR 1.43, 95% CI 1.01–
2.04), and treatment with corticosteroids (HR 1.70, 95%
CI 1.26–2.29) significantly increased the likelihood of
dying of cardiovascular causes.
We further evaluated the independent contribution of RA disease characteristics to the risk of cardiovascular death by including them, first, in adjusted
univariate models, and then, in multivariable Cox regression models (Table 3). In these models, all covariates
were considered as time-dependent, except for personal
history of CHD and smoking status. In the adjusted
univariate Cox models, ESR, small- and large-joint
swelling, destructive changes, rheumatoid nodules, vasculitis, rheumatoid lung disease, and corticosteroid use
were significantly associated with increased risk of cardiovascular death, after adjusting for cardiovascular risk
factors and comorbidities. We observed no association
with RA disease duration. Put another way, these data
indicate that the risk of cardiovascular death for a
50-year-old woman who had RA for ⬎8 years was
similar to that for another 50-year-old woman who had
RA for ⬍1 year.
The significant associations between some of
these disease characteristics and cardiovascular death
persisted in multivariable analysis (Table 3). Patients
with ⱖ3 recorded ESR values of ⱖ60 mm/hour (HR
2.03, 95% CI 1.45–2.83), RA vasculitis (HR 2.41, 95%
CI 1.00–5.81), and rheumatoid lung disease (HR 2.32,
95% CI 1.11–4.84) had a significantly higher risk of

728

MARADIT-KREMERS ET AL

Table 3. Univariate adjusted and multivariable Cox regression models for the risk of cardiovascular
death according to various RA clinical characteristics among the 603 patients*
Adjusted univariate†
Characteristic
Cardiovascular risk factors
Personal history of CHD
Smoking (ever versus never)
Hypertension
Diabetes mellitus
BMI ⱖ30 kg/m2
BMI ⬍20 kg/m2
Comorbidities
Peripheral vascular disease
Chronic pulmonary disease
Ulcers
Malignancies
Dementia
Renal disease
History of alcoholism
RA disease characteristics
Rheumatoid factor seropositivity
ESR¶
Joint swelling
Small joints
Large joints
Radiographic changes
Destructive changes
Erosions
Periarticular osteoporosis
Rheumatoid nodules
RA complications
RA vasculitis
RA lung disease
Medication use
DMARDs
Corticosteroids
Duration of RA
⬍1 years
1 to ⬍4 years
4 to ⬍8 years
ⱖ8 years

Multivariable‡

HR

95% CI

HR

95% CI

–
–
–
–
–
–

–
–
–
–
–
–

§
1.34
1.98
1.15
0.93
1.80

0.90–2.01
0.93–4.24
0.77–1.72
0.60–1.45
1.27–2.54

–
–
–
–
–
–
–

–
–
–
–
–
–
–

1.75
1.27
1.44
1.44
2.58
3.64
1.84

1.18–2.58
0.88–1.85
1.03–2.02
1.00–2.08
1.71–3.87
2.34–5.66
1.04–3.25

1.40
2.10

0.98–2.02
1.51–2.94

2.03

1.45–2.83

2.86
1.86

1.13–7.22
1.20–2.89

–
–

–
–

1.55
1.32
0.90
1.73
1.39
3.30
3.10

1.09–2.19
0.79–2.19
0.45–1.79
1.20–2.50
0.96–2.00
1.38–7.87
1.52–6.30

–
–
–
–
–
2.41
2.32

–
–
–
–
–
1.00–5.81
1.11–4.84

1.15
1.54

0.82–1.62
1.12–2.11

–
§

–
–

1.00
0.80
1.00
0.84

0.32–2.02
0.42–2.37
0.37–1.90

–
–
–

–
–
–

* See Tables 1 and 2 for definitions.
† From a Cox regression model adjusting for personal history of CHD, smoking, hypertension, diabetes
mellitus, BMI, peripheral vascular disease, chronic pulmonary disease, ulcers, malignancies, dementia,
renal disease, and history of alcoholism.
‡ From a multivariable Cox regression model (n ⫽ 548). Patients with missing smoking data were
combined with never smokers. Likewise, those missing BMI data were included in the reference group for
the BMI covariates.
§ See Table 4 for details.
¶ For patients with ⱖ3 recorded ESR values of ⱖ60 mm/hour.

cardiovascular death, even after adjusting for cardiovascular risk factors and comorbidities.
We observed a significant interaction between
personal history of CHD and use of corticosteroid
therapy (P ⫽ 0.003) in multivariable analysis (Table 4).
Among patients with no history of CHD, corticosteroid
use during the disease course was associated with a 78%
increased risk of cardiovascular death (HR 1.78, 95% CI
1.19–2.67) as compared with those who did not receive

corticosteroids (reference group). However, among patients with a history of CHD, the risk of cardiovascular
death among those who received corticosteroids (HR
2.42, 95% CI 1.37–4.26) was less than the risk among
those who did not receive corticosteroids (HR 3.07, 95%
CI 1.91–4.95). These findings indicate that the impact on
cardiovascular mortality by CHD and corticosteroid use
together was less than would be expected based on the
separate effects of each alone.
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Table 4. Risk of cardiovascular death according to history of coronary heart disease (CHD) at the rheumatoid arthritis incidence date
and corticosteroid use

mation in RA may act independently of traditional risk
factors to increase the risk through biologic mechanisms
(21,51,52). Fifth, both the RA-related inflammatory
mechanisms and the traditional risk factors may operate
in a synergistic manner. Our results are consistent with
the latter 2 possible mechanisms.
The associations observed with diabetes and hypertension are consistent with findings from the general
population (53,54). The roles of diabetes and hypertension in the risk of cardiovascular morbidity and mortality
in RA have been examined in a limited number of
studies (11,20,21,52). In a study by Wallberg-Jonsson et
al (11), hypertension was significantly associated with
CHD events but not mortality. Del Rincon et al (21)
examined cardiovascular events and reported significant
associations with both diabetes and hypertension. Smoking is an established risk factor for atherosclerosis and is
also associated with the development and severity of RA
(47,55–57). In our study, we demonstrated, by univariate
analysis, that a history of smoking prior to the RA
incidence date increased the risk of cardiovascular death
in a dose-dependent manner, but the association was no
longer significant when other cardiovascular variables
were considered. We also did not observe any interaction between smoking and RA disease characteristics in
association with the risk of cardiovascular death.
The association observed with dyslipidemia was
somewhat weaker than that demonstrated in the general
population (34,58–60). Although hyperlipidemia is associated with higher levels of inflammatory markers in
healthy persons (61), there is limited evidence on
whether it is associated with an increased risk of RA
(62). Findings in the current literature suggest that lipid
levels are altered considerably depending on the status
of RA disease activity and the extent of antirheumatic
drug treatment (63), and RA patients typically visit their
physicians (and obtain lipid measurements) when their
disease is active. Thus, lipid measurements obtained
during times of active disease may not reflect the true
burden of hyperlipidemia in this population.
The interaction observed between personal history of CHD and corticosteroid use is noteworthy.
Corticosteroids are typically prescribed for patients with
more severe disease. Corticosteroids can also promote
hypertension, dyslipidemia, and diabetes. Therefore, it
has been suggested that these agents may be risk factors
for cardiovascular mortality in RA (64,65). In our study,
corticosteroid use was associated with an increased risk
of cardiovascular death, even after adjusting for cardiovascular risk factors associated with corticosteroid use.
However, corticosteroid use among patients with a his-

No personal history of CHD
Personal history of CHD

No
corticosteroids,
HR (95% CI)*

Any
corticosteroids,
HR (95% CI)*

1

1.78 (1.19–
2.67)
2.42 (1.37–
4.26)

3.07 (1.91–
4.95)

* From a multivariable Cox regression model, adjusting for smoking,
hypertension, diabetes mellitus, body mass index, peripheral vascular
disease, chronic pulmonary disease, ulcers, malignancies, dementia,
renal disease, history of alcoholism, erythrocyte sedimentation rate,
vasculitis, and lung disease. See Table 2 for other definitions.

DISCUSSION
We have herein reported the predictors of cardiovascular death in a community-based inception cohort of 603 RA patients followed up over a mean of 15
years. Our results indicate that various traditional cardiovascular risk factors and comorbidities increased the
risk of cardiovascular death in RA patients. Furthermore, higher ESR values, the occurrence of RA vasculitis, and the occurrence of RA lung disease emerged as
strong disease-specific predictors of cardiovascular mortality, even after accounting for demographics, traditional cardiovascular risk factors, and comorbidities.
Lack of any association with disease duration suggests
that the increased risk of cardiovascular death precedes
the RA incidence date. To our knowledge, this is the
largest study that has been undertaken to date for the
identification of RA disease characteristics that jointly,
as well as independently, contribute to cardiovascular
mortality in RA patients, after accounting for traditional
cardiovascular risk factors. These disease-specific markers indicate systemic inflammatory activity and RA
disease severity. Although these markers are routinely
used in monitoring RA disease activity, our results
demonstrate that they also identify RA patients who
have a higher risk of cardiovascular mortality.
Various possible mechanisms have been proposed to explain the excess rate of cardiovascular mortality in patients with RA (5,45,46). First, undertreatment of cardiovascular comorbidity in RA may
contribute to increased cardiovascular mortality. Second, RA and cardiovascular disease share some of the
same risk factors, such as smoking and obesity (47).
Third, patients with established RA may have a higher
prevalence of traditional risk factors compared with
persons without RA (48–50). Fourth, systemic inflam-
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tory of CHD attenuated the risk of cardiovascular death
associated with CHD. These findings are consistent with
a previous study conducted in Sweden (51) in which
corticosteroid treatment early in the RA disease course
increased the risk of cardiovascular events, but among
the subset of patients with CHD, corticosteroids delayed
the event. These findings suggest that the antiinflammatory effects of corticosteroids may, in fact, be beneficial
in RA patients with a history of CHD.
Our findings are consistent with prior observations that various markers of RA disease activity and
severity are associated with either all-cause or cardiovascular mortality. Joint swelling, even in the absence of
a diagnosis of RA, has been shown to be a predictor
of death (9,52,66). Similarly, rheumatoid nodules
(9,17,18,20), erosions (17,20), RA vasculitis (67,68), and
higher ESR levels (9,51) were all reported to be significantly associated with mortality.
The strengths of our investigation include the
population-based design, which comprised a large
community-based RA cohort with extensive followup,
the completeness of ascertainment for both outcomes
and predictors, the use of standardized measurements
and consistent diagnostic criteria for both cardiovascular
outcomes and RA-specific events, and the availability of
data on risk factors over a long time period, both prior to
RA diagnosis and during the entire course of the
disease. Most previous studies of mortality in RA relied
on either patient recall or measurements of the risk
factors at a single point in time. Such approaches may
underestimate risk relationships due to regression dilution bias (69).
It is nevertheless important to acknowledge some
of the potential limitations of our study. The study
findings may not be generalizable to nonwhite individuals, because the Rochester population during the calendar years under investigation was ⬎95% white. With the
exception of a higher proportion of the working population employed in the health-care industry (24% versus
8% nationally) and correspondingly higher education
levels, the sociodemographic characteristics of Olmsted
County residents resemble those of the US white population (28). Moreover, the incidence of RA in local
residents resembles that in other white populations (2).
Nevertheless, the generalizability of our study findings
to populations with sociodemographic characteristics
different from those in Olmsted County is unknown.
The RA incidence date was assigned according to
fulfillment of the ACR 1987 criteria. These criteria are
useful in comparisons across epidemiologic studies, but
they may have lower sensitivity in identification of
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subjects with early disease (70). Missing data are likely
to occur in any observational study, despite the extent of
followup. When the entire followup period is considered, ⱕ5% of the data are missing for various cardiovascular and RA disease characteristics, except lipid
values and radiographic evaluations. Almost 8% of the
patients were lost to followup at the end of the study.
However, these patients remained under observation for
a mean of 11.5 years (median 9.5 years, interquartile
range 4.5–17.3 years). Since we relied on medical
records, we were not able to capture the data on
individuals who were asymptomatic or did not seek
medical attention.
Although we were unable to ascertain use of
nonsteroidal antiinflammatory drugs (NSAIDs) in our
cohort, we expect that all of the patients had substantial
exposure to NSAIDs, and it is likely that some of the
comorbidities (i.e., ulcers and renal disease) that were
significant predictors of cardiovascular death were related to the extent of NSAID use in these patients. We
were not able to examine the effect of methotrexate
therapy, because only 57% of the patients in our study
ever received a DMARD and only 23% ever received
methotrexate. However, this allowed us to assess the risk
of cardiovascular death in RA patients during the early
years, when cardiovascular risk would be minimally
confounded by aggressive RA therapy.
In addition, we did not have data on some
inflammatory markers, such as fibrinogen or cytokines.
It is possible that monitoring the levels of these markers
throughout the disease course could substantially add to
the prognostic information provided by the traditional
risk factors and RA disease–specific indicators. We also
did not have data on socioeconomic status and physical
activity. Our study was not designed to address the issue
of whether patients with RA have a higher prevalence of
cardiovascular risk factors compared with general population control subjects. This is the subject of our
ongoing analyses.
In summary, our findings demonstrate that
higher ESR values, swelling of large joints, RA vasculitis, and RA lung disease are independent risk factors for
cardiovascular death in RA patients, even after accounting for the influence of traditional cardiovascular risk
factors and multiple comorbidities. These findings demonstrate that markers of systemic inflammation in RA
act independently to increase the risk of cardiovascular
mortality. Future studies should address whether aggressive interventions to tightly control systemic inflammation in RA would reduce the risk of cardiovascular
mortality in a manner similar to that shown for tight
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control of glycemia among patients with diabetes mellitus (71).

mortality is increased in seropositive patients. Arthritis Rheum
2002;46:2010–9.
Reilly PA, Cosh JA, Maddison PJ, Rasker JJ, Silman AJ. Mortality
and survival in rheumatoid arthritis: a 25 year prospective study of
100 patients. Ann Rheum Dis 1990;49:363–9.
Solomon DH, Karlson EW, Rimm EB, Cannuscio CC, Mandl LA,
Manson JE, et al. Cardiovascular morbidity and mortality in
women diagnosed with rheumatoid arthritis. Circulation 2003;107:
1303–7.
Del Rincon I, Williams K, Stern MP, Freeman GL, Escalante A.
High incidence of cardiovascular events in a rheumatoid arthritis
cohort not explained by traditional cardiac risk factors. Arthritis
Rheum 2001;44:2737–45.
Maseri A. Inflammation, atherosclerosis, and ischemic events:
exploring the hidden side of the moon. N Engl J Med 1997;336:
1014–6.
Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen,
C-reactive protein, albumin, or leukocyte count with coronary
heart disease: meta-analyses of prospective studies. JAMA 1998;
279:1477–82.
Ross R. Atherosclerosis: an inflammatory disease. N Engl J Med
1999;340:115–26.
Kullo IJ, Gau GT, Tajik AJ. Novel risk factors for atherosclerosis.
Mayo Clin Proc 2000;75:369–80.
Pasceri V, Yeh ET. A tale of two diseases: atherosclerosis and
rheumatoid arthritis. Circulation 1999;100:2124–6.
Kurland L, Molgaard C. The patient record in epidemiology. Sci
Am 1981;245:54–63.
Melton L. History of the Rochester epidemiology project. Mayo
Clin Proc 1996;71:266–74.
Gabriel SE, Crowson CS, O’Fallon WM. The epidemiology of
rheumatoid arthritis in Rochester, Minnesota, 1955–1985. Arthritis Rheum 1999;42:415–20.
Doran MF, Pond GR, Crowson CS, O’Fallon WM, Gabriel SE.
Trends in incidence and mortality in rheumatoid arthritis in
Rochester, Minnesota, over a forty-year period. Arthritis Rheum
2002;46:625–31.
Gabriel SE, Crowson CS, Maradit-Kremers H, Doran MF, Turesson C, O’Fallon WM, et al. Survival in rheumatoid arthritis: a
population-based analysis of trends over 40 years. Arthritis Rheum
2003;48:54–8.
Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, et al. The American Rheumatism Association 1987
revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988;31:315–24.
Goraya TY, Jacobsen SJ, Belau PG, Weston SA, Kottke TE,
Roger VL. Validation of death certificate diagnosis of out-ofhospital coronary heart disease deaths in Olmsted County, Minnesota. Mayo Clin Proc 2000;75:681–7.
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive summary of the third
report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA
2001;285:2486–97.
Summary of the second report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel II). JAMA 1993;269:3015–23.
Alberti KG, Zimmet PZ. Definition, diagnosis and classification of
diabetes mellitus and its complications. I. Diagnosis and classification of diabetes mellitus provisional report of a WHO consultation. Diabet Med 1998;15:539–53.
The sixth report of the Joint National Committee on prevention,
detection, evaluation, and treatment of high blood pressure. Arch
Intern Med 1997;157:2413–46.
Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA,

19.

ACKNOWLEDGMENTS

20.

We are grateful to Vicky Roeder, Deanne Stiebner,
Denise Herman, and Glenda Kendall for data collection and
editing from the medical records.

21.

REFERENCES
1. Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson DT,
Giannini EH, et al. Estimates of the prevalence of arthritis and
selected musculoskeletal disorders in the United States. Arthritis
Rheum 1998;41:778–99.
2. Gabriel SE. The epidemiology of rheumatoid arthritis. Rheum Dis
Clin North Am 2001;27:269–81.
3. Gabriel SE, Crowson CS, O’Fallon WM. Comorbidity in arthritis.
J Rheumatol 1999;26:2475–9.
4. Mikuls TR, Saag KG. Comorbidity in rheumatoid arthritis.
Rheum Dis Clin North Am 2001;27:283–303.
5. Bacon PA, Townend JN. Nails in the coffin: increasing evidence
for the role of rheumatic disease in the cardiovascular mortality of
rheumatoid arthritis [editorial]. Arthritis Rheum 2001;44:2707–10.
6. Vandenbroucke JP, Hazevoet HM, Cats A. Survival and cause of
death in rheumatoid arthritis: a 25-year prospective followup.
J Rheumatol 1984;11:158–61.
7. Mutru O, Laakso M, Isomaki H, Koota K. Cardiovascular mortality in patients with rheumatoid arthritis. Cardiology 1989;76:71–7.
8. Jacobsson LT, Knowler WC, Pillemer S, Hanson RL, Pettitt DJ,
Nelson RG, et al. Rheumatoid arthritis and mortality: a longitudinal study in Pima Indians. Arthritis Rheum 1993;36:1045–53.
9. Wolfe F, Mitchell DM, Sibley JT, Fries JF, Bloch DA, Williams
CA, et al. The mortality of rheumatoid arthritis. Arthritis Rheum
1994;37:481–94.
10. Myllykangas-Luosujarvi R, Aho K, Kautiainen H, Isomaki H.
Shortening of life span and causes of excess mortality in a
population-based series of subjects with rheumatoid arthritis. Clin
Exp Rheumatol 1995;13:149–53.
11. Wallberg-Jonsson S, Ohman ML, Dahlqvist SR. Cardiovascular
morbidity and mortality in patients with seropositive rheumatoid
arthritis in Northern Sweden. J Rheumatol 1997;24:445–51.
12. Symmons DP, Jones MA, Scott DL, Prior P. Longterm mortality
outcome in patients with rheumatoid arthritis: early presenters
continue to do well. J Rheumatol 1998;25:1072–7.
13. Kvalvik AG, Jones MA, Symmons DP. Mortality in a cohort of
Norwegian patients with rheumatoid arthritis followed from 1977
to 1992. Scand J Rheumatol 2000;29:29–37.
14. Riise T, Jacobsen BK, Gran JT, Haga HJ, Arnesen E. Total
mortality is increased in rheumatoid arthritis: a 17-year prospective study. Clin Rheumatol 2001;20:123–7.
15. Van Schaardenburg D, Hazes JM, de Boer A, Zwinderman AH,
Meijers KA, Breedveld FC. Outcome of rheumatoid arthritis in
relation to age and rheumatoid factor at diagnosis. J Rheumatol
1993;20:45–52.
16. Heliovaara M, Aho K, Knekt P, Aromaa A, Maatela J, Reunanen
A. Rheumatoid factor, chronic arthritis and mortality. Ann
Rheum Dis 1995;54:811–4.
17. Chehata JC, Hassell AB, Clarke SA, Mattey DL, Jones MA, Jones
PW, et al. Mortality in rheumatoid arthritis: relationship to single
and composite measures of disease activity. Rheumatology (Oxford) 2001;40:447–52.
18. Goodson NJ, Wiles NJ, Lunt M, Barrett EM, Silman AJ, Symmons
DP. Mortality in early inflammatory polyarthritis: cardiovascular

22.

23.

24.
25.
26.
27.
28.
29.
30.

31.

32.

33.

34.

35.

36.

37.
38.

732

39.
40.
41.
42.
43.

44.
45.
46.
47.
48.

49.

50.

51.

52.

53.
54.

MARADIT-KREMERS ET AL

Izzo JL Jr, et al. The seventh report of the Joint National
Committee on prevention, detection, evaluation, and treatment of
high blood pressure: the JNC 7 report. JAMA 2003;289:2560–71.
Executive summary of the clinical guidelines on the identification,
evaluation, and treatment of overweight and obesity in adults.
Arch Intern Med 1998;158:1855–67.
McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural
history of congestive heart failure: the Framingham study. N Engl
J Med 1971;285:1441–6.
Charlson M, Pompei P, Ales KL, MacKenzie CR. A new method
of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis 1987;40:373–83.
Therneau TM, Grambsch PM. Influence. In: Therneau TM,
Grambsch PM, editors. Modeling survival data: extending the Cox
model. New York: Springer-Verlag; 2000. p. 153–68.
Therneau TM, Grambsch PM. Testing proportional hazards. In:
Therneau TM, Grambsch PM, editors. Modeling survival data:
extending the Cox model. New York: Springer-Verlag; 2000. p.
127–52.
Modern multidimensional scaling. In: Borg I, Groenen P, editors.
Springer series in statistics. New York: Springer-Verlag; 1997.
Van Doornum S, McColl G, Wicks IP. Accelerated atherosclerosis: an extraarticular feature of rheumatoid arthritis? [review].
Arthritis Rheum 2002;46:862–73.
Goodson N. Coronary artery disease and rheumatoid arthritis.
Curr Opin Rheumatol 2002;14:115–20.
Voigt LF, Koepsell TD, Nelson JL, Dugowson CE, Daling JR.
Smoking, obesity, alcohol consumption, and the risk of rheumatoid arthritis. Epidemiology 1994;5:525–32.
Kroot EJ, van Gestel AM, Swinkels HL, Albers MM, van de Putte
LB, van Riel P. Chronic comorbidity in patients with early
rheumatoid arthritis: a descriptive study. J Rheumatol 2001;28:
1511–7.
McEntegart A, Capell HA, Creran D, Rumley A, Woodward M,
Lowe GD. Cardiovascular risk factors, including thrombotic variables, in a population with rheumatoid arthritis. Rheumatology
(Oxford) 2001;40:640–4.
Singh G, Miller JD, Huse DM, Pettitt D, D’Agostino RB, Russell
MW. Consequences of increased systolic blood pressure in patients with osteoarthritis and rheumatoid arthritis. J Rheumatol
2003;30:714–9.
Wallberg-Jonsson S, Johansson H, Ohman ML, Rantapaa-Dahlqvist S. Extent of inflammation predicts cardiovascular disease and
overall mortality in seropositive rheumatoid arthritis: a retrospective cohort study from disease onset. J Rheumatol 1999;26:
2562–71.
Jacobsson LT, Turesson C, Hanson RL, Pillemer S, Sievers ML,
Pettitt DJ, et al. Joint swelling as a predictor of death from
cardiovascular disease in a population study of Pima Indians.
Arthritis Rheum 2001;44:1170–6.
Saydah SH, Eberhardt MS, Loria CM, Brancati FL. Age and the
burden of death attributable to diabetes in the United States. Am J
Epidemiol 2002;156:714–9.
Van den Hoogen PC, Feskens EJ, Nagelkerke NJ, Menotti A,
Nissinen A, Kromhout D, and the Seven Countries Study Research Group. The relation between blood pressure and mortality
due to coronary heart disease among men in different parts of the
world. N Engl J Med 2000;342:1–8.

55. Saag KG, Cerhan JR, Kolluri S, Ohashi K, Hunninghake GW,
Schwartz DA. Cigarette smoking and rheumatoid arthritis severity. Ann Rheum Dis 1997;56:463–9.
56. Wolfe F. The effect of smoking on clinical, laboratory, and
radiographic status in rheumatoid arthritis. J Rheumatol 2000;27:
630–7.
57. Harrison BJ, Silman AJ, Wiles NJ, Scott DG, Symmons DP. The
association of cigarette smoking with disease outcome in patients
with early inflammatory polyarthritis. Arthritis Rheum 2001;44:
323–30.
58. Anderson KM, Castelli WP, Levy D. Cholesterol and mortality: 30
years of follow-up from the Framingham study. JAMA 1987;257:
2176–80.
59. Wilson PW, Abbott RD, Castelli WP. High density lipoprotein
cholesterol and mortality: the Framingham Heart Study. Arteriosclerosis 1988;8:737–41.
60. Castelli WP. Epidemiology of triglycerides: a view from Framingham. Am J Cardiol 1992;70:3H–9H.
61. Engstrom G, Lind P, Hedblad B, Stavenow L, Janzon L, Lindgarde
F. Effects of cholesterol and inflammation-sensitive plasma proteins on incidence of myocardial infarction and stroke in men.
Circulation 2002;105:2632–7.
62. Heliovaara M, Aho K, Knekt P, Reunanen A, Aromaa A. Serum
cholesterol and risk of rheumatoid arthritis in a cohort of 52,800
men and women. Br J Rheumatol 1996;35:255–7.
63. Park YB, Choi HK, Kim MY, Lee WK, Song J, Kim DK, et al.
Effects of antirheumatic therapy on serum lipid levels in patients
with rheumatoid arthritis: a prospective study. Am J Med 2002;
113:188–93.
64. Raynauld J. Cardiovascular mortality in rheumatoid arthritis: how
harmful are corticosteroids? [editorial]. J Rheumatol 1997;24:
415–6.
65. Moreland LW, O’Dell JR. Glucocorticoids and rheumatoid arthritis: back to the future? [review]. Arthritis Rheum 2002;46:2553–63.
66. Pincus T, Brooks RH, Callahan LF. Prediction of long-term
mortality in patients with rheumatoid arthritis according to simple
questionnaire and joint count measures. Ann Intern Med 1994;
120:26–34.
67. Voskuyl AE, Zwinderman AH, Westedt ML, Vandenbroucke JP,
Breedveld FC, Hazes JM. The mortality of rheumatoid vasculitis
compared with rheumatoid arthritis. Arthritis Rheum 1996;39:
266–71.
68. Turesson C, Jacobsson L, Bergstrom U. Extra-articular rheumatoid arthritis: prevalence and mortality. Rheumatology (Oxford)
1999;38:668–74.
69. Clarke R, Shipley M, Lewington S, Youngman L, Collins R,
Marmot M, et al. Underestimation of risk associations due to
regression dilution in long-term follow-up of prospective studies.
Am J Epidemiol 1999;150:341–53.
70. Kim JM, Weisman MH. When does rheumatoid arthritis begin
and why do we need to know? [review]. Arthritis Rheum 2000;43:
473–84.
71. Pincus T, Gibofsky A, Weinblatt ME. Urgent care and tight
control of rheumatoid arthritis as in diabetes and hypertension:
better treatments but a shortage of rheumatologists [editorial].
Arthritis Rheum 2002;46:851–4.

