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Abstract
Patients with rheumatoid arthritis (RA) are at increased risk of mortality compared with the
general population. Evidence suggests that this increased mortality can largely be attributed to
increased cardiovascular (CV) death. In a retrospective study of an inception cohort of RA patients
in Rochester, MN, we found that patients with RA were at increased risk of CV death, ischemic
heart disease, and heart failure compared with age- and sex-matched community controls. In
addition, when we examined coronary artery tissue from autopsied RA patients, we observed
increased evidence of inflammation and an increased proportion of unstable plaques. We also
investigated the contribution of traditional and RA-specific risk factors to this increased risk of
CV morbidity and mortality. Although traditional CV disease risk factors were found to contribute
to the increased risk of mortality in RA patients, they did not fully explain the increased CV
mortality observed in RA. Instead, increased inflammation associated with RA appears to
contribute substantially to the increased CV mortality. Together with other studies that have
demonstrated similar associations between RA and CV mortality, these data suggest that more
aggressive management of inflammation in RA may lead to significant improvements in outcomes
for patients with RA.
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Introduction
Many studies, dating back more than 50 years, have reported an increased risk of mortality
in patients with rheumatoid arthritis (RA).1–5 Recent evidence has demonstrated that this
increased risk may be largely attributable to cardiovascular (CV) events.6–9 Although it has
been previously reported that CV morbidity and mortality are increased in RA, it has been
unclear whether the pattern of CV disease is similar in patients with and without RA.
Furthermore, the contribution of traditional risk factors, RA disease characteristics, and RA
treatments to this mortality has been uncertain. In particular, given the recent appreciation of
the important role of inflammatory processes in the development and progression of
atherosclerosis,10 interest has focused on the CV risk that might be associated with systemic
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inflammation in RA. This review will focus on studies investigating these questions
conducted using the Rochester Epidemiology Project and will compare data obtained in
these studies with other published literature. Additionally, the implications of these findings
for the management of inflammation in RA will be discussed.

Study Design
The Rochester Epidemiology Project is a data resource that is ideally suited to the
population-based investigation of long-term outcomes in RA. Its data linkage system
provides access to the Mayo Clinic unified medical record system, and the complete
(inpatient and outpatient) medical records of all healthcare providers in Olmsted County,
MN are captured.11 Consequently, virtually every case of RA fulfilling American College of
Rheumatology (ACR) diagnostic criteria in the local population is captured in this system.

To investigate these questions, we assembled an incidence cohort of approximately 600 RA
patients who first met the ACR 1987 criteria for RA between January 1, 1955, and
December 31, 1994. The incidence date of RA was defined as the date on which patients
met 4 of the 7 ACR 1987 criteria. Additionally, we assembled a comparison cohort of non-
RA controls who were matched based on their age, sex, and length of medical history.12 We
then followed these 2 cohorts retrospectively through their medical records over a long
follow-up period (approximately 15 y in each cohort), and detailed information regarding
RA, CV risk factors, and CV outcomes was collected.12,13

Cardiovascular Disease Outcomes in Rheumatoid Arthritis
Cardiovascular Death

Data from the Rochester Epidemiology Project have confirmed and extended previous
studies that demonstrated an increased mortality in individuals with RA. Overall, patients in
the RA cohort were found to have a markedly increased risk of death compared with the
general population. Between 1955 and 1994, patients in the RA cohort had a significantly
increased risk of death compared with age- and sex-matched controls (P<0.001;
standardized mortality ratio [SMR], 1.27; 95% confidence interval [CI], 1.13–1.41) (Figure
1).14 In this incidence cohort (of which 73% were female), women had a marked increase in
mortality compared with men (SMR 1.41 in women vs 1.08 in men).

We (and others) have shown that the increased risk of mortality in the RA population is due,
in large part, to an increased risk of CV death. In the Rochester RA cohort, 49.7% (176 of
354) of deaths occurring during the study period were attributed to CV causes according to
medical records and/or death certificates.15 Wallberg-Jonsson et al16 reported that among a
cohort of 606 persons with RA, 53% of the 265 deaths during the study period were
attributed to CV disease. In this study, compared with the general population, the SMR for
CV death was 1.36 (P<0.05) in men, whereas in women it was 1.54 (P<0.001). Overall, the
SMR for CV death was 1.46 (P<0.001). In a cohort of 1010 RA patients, Goodson et al17

reported that the SMR for CV death in men was 1.36 (95% CI, 1.04–1.75), whereas in
women the SMR was 1.93 (1.65–2.26). This increase in the risk of CV death was more
pronounced in rheumatoid factor–positive (RF+) patients: the SMR for CV death in
seropositive women was 2.10 (95% CI, 1.73–2.51) compared with 1.59 (95% CI, 1.14–2.15)
in seronegative women. In seropositive men, the SMR for CV death was 1.59 (95% CI,
1.19–2.09) compared with 0.81 (95% CI, 0.41–1.46) in seronegative men.

The mortality gap between RA patients and the general population is not closing. When
patients in the Rochester RA cohort were grouped by the decade of RA incidence (ie, the
decade in which they first met ACR 1987 criteria), no significant difference in survival was
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observed over the 4 decades of the study (Figure 2).14 Indeed, some evidence suggests that
the mortality gap between persons with RA and the general population may be widening.
Although the mortality rate in the RA cohort was found to remain relatively constant at 2.1
per 100 person-years between 1965 and 2000, the mortality rate of Minnesota’s white
population decreased substantially from 1.7 to 1.1 per 100 person-years over the same
period.18 Consequently, the SMR increased from 1.2 in 1965 to 1.9 in 2000 (P=0.024). A
further comparison of mortality in the RA cohort and the general population suggested that
this widening mortality gap was confined to the RF+ RA population.18

Ischemic Heart Disease
In subsequent studies, patients in the Rochester RA cohort were found to be at increased risk
of ischemic heart disease (Table 1).9 In the 2-year period immediately preceding the
fulfillment of the ACR 1987 criteria, RA patients were more likely to experience
hospitalization for myocardial infarction (MI) (odds ratio [OR], 3.17; 95% CI, 1.16–8.68)
and unrecognized (“silent”) MI (OR, 5.86; 95% CI, 1.29–26.64) than age- and sex-matched
controls. The increased risk of unrecognized MI persisted after the incidence of RA (hazard
ratio [HR], 2.13; 95% CI, 1.13–4.03). In addition, the risk of sudden death in RA also
markedly increased after the index date (HR, 1.94; 95% CI, 1.06–3.55) compared with age-
and sex-matched controls.

Notably, patients in the RA cohort were less likely to experience angina pectoris either
before (OR, 0.58; 95% CI, 0.34–0.99) or after (HR, 0.76; 95% CI, 0.52–1.13) the incidence
date. The risk of angina pectoris after the incidence date was significantly lower in RA
compared with non-RA patients, when patients with a history of hospitalized MI,
unrecognized MI, or angina pectoris before the incidence date were excluded from the
analysis (P=0.025). The lower observed probability of angina pectoris in RA patients may
have been because patients with RA were less likely to report chest pain or because they (or
their physicians) failed to attribute it to cardiac origin.

Overall, these results are consistent with a number of previous studies that have
demonstrated an increased risk of ischemic heart disease in patients with RA.1,8,19–23

Furthermore, these data demonstrate that the patterns of ischemic heart disease are markedly
different in RA and non-RA patients. Specifically, in patients with RA, ischemic heart
disease was more likely to remain silent and to manifest as sudden death. To further
investigate this finding, a histological examination of coronary artery tissue from 41
autopsied RA patients and 82 age-and sex-matched controls was undertaken.24 Overall, the
extent of coronary artery stenosis and the number of acute lesions were similar in the 2
groups. However, more inflammation of the left circumflex and left anterior descending
coronary arteries was observed in RA patients than in controls (32% vs 11%, P<0.005 and
90% vs 72%, P=0.024, respectively). More extensive differences in the pattern of coronary
artery disease were observed when the subgroup of RA patients with preexisting coronary
artery disease and their matched controls were compared. Compared with the control group,
fewer RA patients had multiple vessel disease (32% vs 61%, P=0.018), and they had less-
severe coronary artery atherosclerosis (32% had a score Ϣ compared with 61% of non-RA
patients, P=0.011) and a lower grade of stenosis in the left main and left circumflex
coronary arteries (P=0.023 and P=0.029, respectively). However, in RA patients, 48% of
plaques in the left anterior descending coronary artery were classified as vulnerable (ie,
unstable) compared with 22% in the non-RA patients (P=0.018). Overall, these data suggest
that the etiology of CV disease may be different in RA than in non-RA patients, with
inflammation playing an even greater role in the development of disease.
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Heart Failure
Patients with RA are also at increased risk of heart failure compared with the general
population.25,26 In the Rochester RA cohort, the cumulative incidence of congestive heart
failure (CHF; defined according to the Framingham criteria) at 30-year follow-up was 34%
compared with 25% in the non-RA cohort (Figure 3; P<0.001).27 Even after adjustment for
CV risk factors and ischemic heart disease, in addition to demographics, patients with RA
had almost twice the risk of developing CHF as non-RA patients (HR, 1.87; 95% CI, 1.47–
2.39). This increased risk of CHF appeared to be limited to the subgroup of RA patients who
were RF+. The risk of CHF was significantly increased in the 374 seropositive patients in
the RA cohort (HR, 2.59; 95% CI, 1.95–3.43), but it was not significantly elevated in the
201 seronegative patients (HR, 1.28; 95% CI, 0.93–1.78). In addition, a preliminary report
indicated that patients with RA are more likely to have heart failure with preserved ejection
fraction than non-RA patients (OR, 2.57; 95% CI, 1.20–5.49).28

Patients with RA also appeared to have poorer outcomes after heart failure. Patients with RA
were at increased risk for death in the period immediately after heart failure compared with
non-RA patients. In the 30 days after heart failure, 16% of RA patients died, compared with
7% of non-RA patients (P<0.001). The risk of death remained elevated 6 months after heart
failure (OR, 1.94; 95% CI, 1.17–3.23).29

Risk Factors for Cardiovascular Disease in Rheumatoid Arthritis
Though it is apparent that RA patients are at increased risk of developing CV disease and
that this contributes to the increased mortality observed in the RA population, the factors
responsible for this increased CV disease are unclear. Therefore, we investigated the relative
contribution of traditional risk factors (such as smoking and hypertension), measures of
inflammation associated with RA, and RA treatments to the increased risk of CV disease
and mortality observed in RA.

In the Rochester RA cohort, a number of traditional risk factors for CV disease were found
to contribute to CV death. These included a personal history of ischemic heart disease,
smoking, hypertension, and diabetes mellitus.15 Solomon et al30 reported an overall similar
pattern of CV risk factors in a population of women with RA compared with women without
RA. Our findings agree with these, in general, but we also observed some significant
differences in the distribution of these risk factors between the 2 groups.18 During follow-
up, RA patients were more likely to have low body mass index (BMI) (rate ratio [RR], 1.8;
95% CI, 1.3–2.5) and alcohol abuse (RR, 3.3; 95% CI, 1.7–7.6) but less likely to have
dyslipidemia (RR, 0.8; 95% CI, 0.6–0.9). In addition, the CV risk factors in RA patients did
not appear sufficient to explain the increased risk of CV death in RA patients. The
proportion of the risk of congestive heart failure that could be attributed to CV risk factors
and ischemic heart disease was significantly lower in RA patients than in non-RA patients
(54% vs 77% at an age of 80 y).13

Systemic inflammation associated with rheumatoid disease appears to account for a large
proportion of this unexplained risk of CV death in the RA population. After adjustment for
demographics, traditional CV risk factors, and comorbidities, we found that higher
erythrocyte sedimentation rate (ESR), small and large joint swelling, rheumatoid nodules,
vasculitis, and RA lung disease were all independently associated with an increased risk of
CV death.15 In RA patients who experienced new-onset heart failure, the proportion of
patients with very high ESR values (≥40 mm/h) was greatest in the 6 months immediately
preceding heart failure.31 These findings suggest that ESR, a marker of systemic
inflammation, signals the onset of heart failure in persons with RA. These results are
consistent with previous reports that have demonstrated an association between markers of

Gabriel Page 4

Am J Med. Author manuscript; available in PMC 2010 April 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



systemic inflammation (including joint swelling32 and ESR33) and the risk of mortality in
RA.

Assessment of the effect of RA medications on CV outcomes is complicated by the potential
for confounding by indications and contraindications of the respective treatments. Therefore,
their contribution to CV mortality is controversial. It has been suggested that treatment with
corticosteroids may promote premature atherosclerosis and CV disease in RA patients.34 In
our RA cohort, we observed an increased risk of CV events in RF+ RA patients with high
cumulative exposure to corticosteroids (>7000 mg; HR, 3.06; 95% CI, 1.81–5.18).35 In
contrast, RF– RA patients with high cumulative exposure to corticosteroids were not at
increased risk of CV events (HR, 0.85; 95% CI, 0.39–1.87). However, in RA patients with a
personal history of ischemic heart disease, treatment with corticosteroids was found to
attenuate the risk of CV death.15

Use of methotrexate may also alter the risk of CV death in RA, although the nature of the
effect is, at present, unclear. In one frequently cited study, use of methotrexate was found to
be associated with a reduced risk of CV death (HR, 0.3; 95% CI, 0.2–0.7), after adjustment
for indication.36 Consistent with these data, treatment with methotrexate has also been
associated with reduced vascular disease in RA patients (HR, 0.83; 95% CI, 0.71–0.96).37
However, in another study using similar analysis techniques, use of methotrexate in patients
with CV disease was associated with marked and significant increase in mortality (HR, 3.40;
P=0.0054).38 Thus,more research is needed to fully understand the impact of disease
modifying anti-rheumatic drugs on CV risk.39,40

Conclusions
In summary, we observed a significantly increased risk of overall mortality, CV death,
ischemic heart disease, and heart failure compared with the general population in a
population-based incidence cohort of RA patients followed up for approximately 15 years.
The overall mortality gap between RA patients and the general population is not closing.
Indeed, it appears to be widening. In addition to the increased prevalence of CV mortality in
the RA population, the pattern of CV disease in this population appears to be different from
that observed in the general population. RA patients are more likely to have silent ischemic
heart disease and experience sudden death. They are also more likely to develop
inflammation and unstable atherosclerotic plaques in their coronary arteries. Furthermore,
patients with RA are not only at a high risk of developing heart failure, but are more likely
to die shortly after heart failure and are more likely to experience heart failure with a
preserved ejection fraction.

Increased attention to CV risk in RA will be necessary to reduce the excess CV mortality
and morbidity in RA patients. Traditional CV risk factors make an important contribution to
CV morbidity in RA and, as in the general population, efforts should be made to control
these risk factors. However, it appears that the excess risk that is observed in the RA
population can be explained, in part, by promotion of CV disease through increased
systemic inflammation associated with RA. Therefore, aggressive efforts at traditional CV
risk factor reduction combined with improved control of RA disease may offer the best
chance of improving CV outcomes for RA patients. In particular, the deleterious effects of
systemic inflammation might be reduced by more effective (“tighter”) control, in the same
way that tight control of diabetes mellitus is recommended to reduce the risk of CV disease.
41,42 Large trials examining the effect of tight control of inflammation on CV outcomes in
RA will be necessary to answer this question. Further research also is likely to focus on the
identification of high-risk groups for targeted preventive interventions.
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Figure 1.
Increased mortality in patients with rheumatoid arthritis (RA). Adapted with permission
from Gabriel SE, Crowson CS, Kremers HM, et al. Survival in rheumatoid arthritis: a
population-based analysis of trends over 40 years. Arthritis Rheum. 2003;48:54–58.
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Figure 2.
Survival among 4 cohorts of rheumatoid arthritis (RA) patients first diagnosed between
1955 and 1995. Adapted with permission from Gabriel SE, Crowson CS, Kremers HM, et al.
Survival in rheumatoid arthritis: a population-based analysis of trends over 40 years.
Arthritis Rheum. 2003;48:54–58.
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Figure 3.
Cumulative incidence of congestive heart failure in rheumatoid arthritis (RA) and non-RA
patients. Adapted with permission from Nicola PJ, Maradit-Kremers H, Roger VL, et al. The
risk of congestive heart failure in rheumatoid arthritis: a population-based study over 46
years. Arthritis Rheum. 2005;52:412–420.
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Table

Risk of Ischemic Heart Disease in RA and Non-RA Patients After the Incidence of Rheumatoid Arthritis

Number of Events (Rate/10,000 Person-years) Multivariable-Adjusted
Hazard Ratio

(95% Confidence Interval)RA Cohort Non-RA Cohort

Hospitalized MI 40 (46) 46 (46) 1.09 (0.71–1.68)

Unrecognized MI 27 (31) 15 (15) 2.13 (1.13–4.03)

Angina pectoris 44 (51) 65 (67) 0.76 (0.52–1.13)

Revascularization procedure 28 (32) 35 (35) 0.94 (0.56–1.56)

Sudden death 31 (35) 18 (18) 1.94 (1.06–3.55)

MI=myocardial infarction.

Adapted with permission from Maradit-Kremers H, Crowson CS, Nicola PJ, et al. Increased unrecognized coronary heart disease and sudden
deaths in rheumatoid arthritis: a population-based cohort study. Arthritis Rheum. 2005a;52:402–411.
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