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Abstract
PURPOSE—The purpose of this study was to estimate the 10-year absolute risk of CV events in
newly diagnosed RA subjects and the potential contribution of CV risk factors to absolute risk
assessment.

METHODS—A population-based incidence cohort of RA subjects (ascertained according to ACR
criteria) was assembled and compared to an age and sex-matched cohort of non-RA subjects. Data
were collected on CV risk factors and CV events. Cox regression models were used to estimate the
10-year risk of a combined CV endpoint, adjusting for CV risk factors. Subjects were classified
into 5 risk categories based on their 10-year absolute risk.

RESULTS—The absolute CV risk in RA subjects was similar to that of non-RA subjects who
were 5-10 years older. The absolute risk varied substantially according to presence of CV risk
factors. The 10-year absolute CV risk among 60-69 year old RA subjects with no risk factors was
16.8% but rose to 60.4% in the presence of smoking, hypertension, dyslipidemia, diabetes and
obesity. Among RA subjects with low, as compared to normal or high BMI, in addition to the
above risk factors, the 10-year absolute CV risk rose to 86.2%.

CONCLUSION—More than half of 50-59 year old newly diagnosed RA subjects and all of those
>60 years of age had a 10% or greater risk of CV disease within the next 10 years and should be
targeted for specific CV risk reduction strategies tailored to their personal risk profiles.
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INTRODUCTION
Patients with rheumatoid arthritis (RA) are at increased risk of cardiovascular (CV) disease.
The risk of myocardial infarction, heart failure and CV death among RA subjects has been
reported to be approximately 2-3 fold greater than in the general population1-3. Even though
the CV risk in RA is well-recognized, a major challenge is detection, treatment, and
prevention of CV disease in RA subjects who have no symptoms of heart disease and yet are
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at increased risk. We have previously shown that RA subjects are less likely to report
symptoms of angina and more likely to experience unrecognized MI1. Even more
importantly, RA subjects are twice as likely to experience sudden deaths, indicating that the
first presentation of CV disease in RA subjects may be a sudden cardiac death1. Therefore,
identifying high risk asymptomatic RA patients who may potentially benefit from primary
prevention is an important challenge for the treating physicians.

High risk asymptomatic individuals in the general population are typically identified using
CV risk scores which rely on assessment of age, gender, total cholesterol, HDL cholesterol
levels, smoking status and blood pressure and then calculating the 10-year absolute CV
risk4. We believe that CV risk factor assessment and risk reduction tailored to specific risk
profiles of asymptomatic RA subjects have the potential to prevent a substantial number of
future CV events in RA subjects. Thus, the purpose of our study was to estimate the age-
specific 10-year absolute risk of CV events and to describe the potential contribution of CV
risk factors to absolute risk assessment in newly diagnosed RA subjects.

METHODS
This is a retrospective population based cohort study performed using the resources of the
Rochester Epidemiology Project medical records linkage system5 in Olmsted County,
Minnesota. Population-based epidemiologic research can be conducted in Olmsted County
because medical care is virtually self-contained within the community, and complete
(inpatient and outpatient) medical records for county residents are available for review.
After approval by the Mayo Clinic’s Institutional Review Board, we used the unique
resources of the Rochester Epidemiology Project to identify all subjects with RA, first
diagnosed between January 1, 1955 and January 1, 1995, among Rochester, MN residents ≥
18 years of age1. All RA subjects fulfilled the 1987 American College of Rheumatology
(ACR) criteria for RA6 and the incidence date was defined as the first date of fulfillment of
(four out of the seven) classification criteria. Each RA subject was then individually
matched by sex, birth year (± 3 years) and length of prior medical history to a randomly
selected subject without RA living in Rochester, MN. Matching on length of prior medical
history ensured that RA and corresponding non-RA subjects had the same opportunity for
clinical detection of study outcomes. Each subject in the matched non-RA comparison
cohort was assigned an index date corresponding to the RA incidence date.

Subjects in the RA cohort and the non-RA comparison cohort were then followed forward in
time through their linked medical records in the community. Data were collected on CV risk
factors and CV events using established epidemiological criteria. Cigarette smoking status
was categorized as current, former or never. Dyslipidemia was defined as LDL-cholesterol
level ≥160 mg/dl, total cholesterol level ≥240 mg/dl, high-density lipoprotein cholesterol
level <40 mg/dl or triglycerides >150 mg/dl, or a clearly documented history of
dyslipidemia or treatment with specific lipid-lowering therapy7. Diabetes mellitus was
defined as at least 2 measurements of fasting plasma glucose ≥126 mg/dl or 2-hour plasma
glucose level ≥200 mg/dl, or a clearly documented history of diabetes or treatment with
hypoglycemic agents8. Hypertension was defined as 2 or more ambulatory blood pressure
readings of ≥140 mm Hg systolic and/or 90 mm Hg diastolic, or a physician’s diagnosis of
hypertension or treatment with antihypertensive agents 9. Height and weight were recorded
at baseline and body mass index (BMI) was computed. Obesity was defined as BMI ≥30 kg/
m2 and low BMI defined as <20 kg/m2 210. Personal cardiac history was ascertained at
baseline and included presence of angina pectoris, coronary artery disease and ischemic
heart disease.
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Combined CV outcome comprised coronary revascularization procedures, silent or non-fatal
myocardial infarctions (MI), heart failure (HF) and CV deaths. Coronary revascularization
procedures included percutaneous transluminal coronary angioplasty (PTCA) and coronary
artery bypass grafting (CABG). Non-fatal hospitalized MI were classified as definite or
probable, based on the presence of cardiac pain, biomarker values and the Minnesota ECG
coding system11. Silent MI was defined as the presence of a characteristic ECG in a non-
acute setting, or recorded physician diagnosis of a characteristic ECG in patients without
any documentation of previous MI. HF was defined according to Framingham criteria12.

All subjects (irrespective of residency status) were tracked nationally (using the National
Death Index and other sources) to ascertain vital status. Death certificates were obtained
from the respective states for subjects who were deceased out of state. CV deaths were
classified based on the underlying cause of death and included ICD-9 codes 390–459 and
ICD 10 codes I00–I99. Follow-up continued until death, migration or January 1st, 2001.

Statistical Methods
Subjects with a history of CV disease at baseline (i.e. RA incidence date for RA subjects and
index date for non-RA subjects) were excluded. Kaplan-Meier methods were used to
estimate the cumulative incidence of CV events by decade of age13. Cox regression models
were used to estimate the 10-year risk of the combined CV endpoint, adjusting for CV risk
factors. These 10 year risk estimates represent the overall RA (or non-RA) cohort because
they correspond to obtaining a prediction for the risk profile of each patient and averaging
these predicted 10 year risks. Subjects were classified into 5 risk categories based on their
10-year absolute risk of combined CV endpoint: low-risk (<6% CV risk over the next 10
years), low- moderate (6%-10% risk), intermediate (>10%-20 % risk), high (>20-50% risk)
and very high risk (>50%). Absolute risk estimates corresponding to specific risk factor
profiles were obtained as predictions from the Cox models.

RESULTS
The study population comprised 553 RA subjects and 574 matched non-RA subjects free of
CV disease at baseline (i.e. RA incidence date for RA subjects and index date for matched
non-RA subjects). The baseline characteristics of the RA and the non-RA cohorts are shown
in Table 1. In both cohorts, 73% were women and the mean age at baseline was 57 years.
Median follow-up time was 14.7 years for RA subjects and 16.1 years for non-RA subjects,
corresponding to 9484 and 10244 person-years of follow-up, respectively. RA subjects were
significantly more likely to have been former or current smokers when compared to non-RA
subjects. The baseline prevalence of family cardiac history, hypertension, dyslipidemia,
obesity and diabetes mellitus were similar in both groups (Table 1).

During the entire follow-up period, we ascertained a total of 254 first CV events in 553 RA
subjects (absolute risk of 49.5 per 1000 person-years) and 209 first CV events in 574 age-
and sex-matched non-RA subjects (absolute risk of 31.7 per 1000 person-years). Figure 1
shows the cumulative incidence of combined CV outcome by age groups starting at RA
incidence for RA subjects and index date for non-RA subjects. The absolute risk of CV
events at 10 years was 2.1% in 40-49 years old non-RA subjects and 10.2% in 40–49 years
old RA subjects (figure 1a). In the 50-59 years age group, the absolute risk at 10 years was
9.2% in 50-59 years old non-RA subjects and 11.9% in 50–59 years old RA subjects.
Therefore, the absolute risk in 40-49 years old RA subjects (10.2%) was similar to non-RA
subjects who were 5-10 years older (9.2%). Similarly, the absolute risk of CV events in 60–
69 years old RA subjects (29.4%) was similar to 65-74 years non-RA subjects (32.5%)
(figure 1b). As illustrated in figures 1a and 1b, the absolute CV risk difference between RA
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and non-RA subjects increased over time since RA incidence date for RA subjects and index
date for non-RA control subjects.

We then estimated the 10-year absolute risk categories for the combined CV endpoint,
accounting for CV risk factors, separately for the RA and non-RA subjects. Figure 2 and
Table 2 show the 10-year absolute risk of a CV event in RA and non-RA subjects according
to age groups. Within each age group, the first column in Figure 2 corresponds to the non-
RA cohort and the second column corresponds to the RA cohort. Subjects within each age
group were categorized into 5 CV risk groups (low, low- moderate, intermediate, high and
very high) according to their 10-year risk of a CV outcome. Irrespective of RA disease
status, the proportion of subjects with intermediate or high risk of CV events increased
sharply with age, reinforcing the fact that the key determinant of CV disease in both RA
non-RA subjects is age at baseline. At their RA incidence date, almost 20% of 40-49 year
old RA subjects had an intermediate – high risk (10% or more) of CV event as compared to
only 5% among 40-49 year old non-RA subjects. In other words, 20% of 40-49 years old
RA subjects can be expected to experience a CV event within 10 years of their RA incidence
date as compared to only 5% of 40-49 year old non-RA subjects. The CV risk was
substantially higher in the 50-59 year age group. The proportion of newly diagnosed 50-59
year old RA subjects with intermediate or higher 10-year risk of CV events was 85% as
compared to 27% among non-RA subjects. The proportion of 60-69 year old RA subjects
with intermediate or higher risk of CV events was 100% as compared to 79% among non-
RA subjects. Similarly, the proportion of 60-69 year old RA subjects with a high or very
high risk (higher than 20%) of CV events was 85% as compared to only 40% among non-
RA subjects. In other words, these data indicate that all the 60-69 years old RA subjects
have greater than 10% risk of experiencing a CV event within 10 years of their RA
incidence date and, depending on their CV risk factor profiles, the risk may be as high as
20%.

We then explored the role of the CV risk factors in absolute risk prediction. Table 2 shows
the age-specific absolute risk of CV events within the next 10 years, according to presence
of various CV risk factors in RA and non-RA subjects. The shading in the table represents
the five CV risk groups (low, low-moderate, intermediate, high and very high). The last two
columns in the table illustrate CV risk in subjects with either high or low BMI. The
increased absolute risk for CV events in RA subjects compared with non-RA subjects was
apparent across all age groups and risk factor categories. For example, among 40-49 year
old non-RA subjects with no CV risk factors, the absolute risk of a CV event was 1.4%
whereas, the absolute risk among 40-49 year old RA subjects with no risk factors was 3.0%.
If the 40-49 year old person was a smoker, the absolute risk was 2.9% among non-RA
subjects and 5.1% among RA subjects. The absolute risk of a CV event was as high as
14.4% among 40-49 year old RA patients with several risk factors, and 28.3% among 40-49
year old RA subjects with low BMI in addition to other CV risk factors. The risk was even
higher (32.6%) among RA subjects with a BMI of <18. Similarly, a 50-59 year old RA
subject with no risk factors had an absolute risk of 7.3% but the absolute risk was as high as
31.6% if the person was a smoker, obese and had hypertension, dyslipidemia and diabetes. If
the 50-59 year old RA subject had low BMI at RA incidence, the absolute risk was 55.6%.
The risk was 61.3% among 50-59 year RA subjects with a BMI of <18. The pattern was
essentially similar in older RA subjects. The absolute risk among 60-69 year old RA
subjects with no risk factors was 16.8% but could be as high as 60.4% if several risk factors
were present, and 86.2% if 60-69 year old RA subjects had low BMI in addition to the CV
risk factors. Hence, Table 2 illustrates how absolute CV risk in RA subjects varies
depending on the CV risk factor profile of individual subjects.
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DISCUSSION
In this retrospective population-based cohort study, we estimated the age-specific 10-year
absolute risk of CV events in newly diagnosed RA subjects in comparison to subjects
without RA. Our findings confirm that age is the key determinant of CV disease in both RA
non-RA subjects. In general, absolute CV risk in RA subjects is similar to that of non-RA
subjects 5-10 years older. More than half of the 50-59 year old newly diagnosed RA subjects
and all of those >60 years of age have 10% or greater risk of CV disease within 10 years of
their RA incidence. Our analyses underscore the importance of CV risk factor assessment
for accurate prediction of CV risk in individual RA subjects. These subjects could benefit
from early CV risk detection and risk reduction strategies tailored to their specific CV risk
profiles. Importantly, consideration of absolute CV risk categories and CV risk factors in
RA can facilitate clinical decisions concerning CV disease prevention in asymptomatic RA
subjects.

Most studies of CV risk in RA have reported that the excess risk of myocardial infarction
and heart failure in RA subjects cannot be explained by an increased frequency or an
increased effect of the traditional CV risk factors1, 2, 14, 15. The findings of these etiological
studies have been misinterpreted by some to imply that traditional CV risk factors are less
important for CV risk assessment in the RA compared to the non-RA population. This is
because the relative risks associated with traditional CV risk factors disease have been
reported to be lower in RA compared to non-RA subjects15. However, this does not imply
that traditional risk factors are unimportant in the etiology of CV disease in RA. Instead, we
believe that these relatively smaller relative risks indicate that RA specific disease
mechanisms, (eg. systemic inflammation) are competing with the more traditional CV risk
factors thereby lessening their magnitude. By focusing on the absolute CV risk associated
with RA we showed that assessment and management of traditional CV risk factors remain
of the utmost importance to identify high risk patients and potentially reduce CV risk in RA
patients.

Excess risk of CV disease in RA is well recognized but much less is known as to when the
CV risk starts and the potential predictors associated with this excess risk. Our findings
indicate that CV risk is high even in newly diagnosed RA subjects, and emphasize the need
for early efforts to undertake CV risk detection and prevention in RA subjects. Ironically,
the need for early intervention is analogous to the concept of a therapeutic “window of
opportunity” to reduce joint damage in RA16, 17. Likewise, there is possibly a “window of
opportunity” to detect and prevent CV disease in RA. Although evidence is currently
lacking, early detection and early CV interventions may modify the underlying CV risk and
improve survival in RA. Additionally, our findings have implications regarding the clinical
diagnosis and classification of RA based on ACR criteria. Increasing evidence suggests that
there is a preclinical or asymptomatic phase of the disease where autoantibodies are present
several years before RA manifests clinically18. The increased CV risk is almost certainly
present during this preclinical phase of the disease and by the time a patient fulfills ACR
criteria, the window of opportunity for CV prevention may already be closing. Hence, CV
risk is one additional motivation to intensify efforts to identify RA as early as possible rather
than waiting for the emergence of its cardinal clinical manifestations19.

Assessing a person’s CV risk has become the accepted way of targeting CV preventions
toward asymptomatic individuals. In fact, this approach has been credited, in part, with the
significant improvements in cardiovascular survival in the general population20. This is
typically achieved using CV risk scores, such as the Framingham risk score4. Asymptomatic
individuals are then treated with cholesterol and blood pressure-lowering medications and
aspirin, as well as advice about relevant health behaviors, depending on their personal risk
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profiles. However, the predictive performance of risk scores is highly dependent upon the
absolute CV risk, and risk scores may under-estimate true CV risk in subjects with a high
absolute risk of CV disease, such as RA21, 22. Obtaining accurate estimates of absolute risk
for CV disease in RA will require RA-specific risk equations. Thus, further research is
needed in this area.

Finally, it can be challenging for treating physicians to communicate excess CV risk to
newly diagnosed RA patients whose primary concern at the time is RA and the challenging
treatment course ahead. The ability to communicate CV risk using 10-year absolute risks
may increase patients’ understanding of the risk and their willingness to accept CV
preventive measures.

Potential limitations of this study originate mainly from the retrospective study design. We
relied on information recorded in the medical records accrued over several decades. For a
CV condition to be ascertained, it had to come to medical attention, be diagnosed by the
physician and documented in the records. CV events which were unrecognized by patients
and/or health professionals would not have been ascertained and this may result in
underestimation of the number or timing of CV events, particularly of silent MI. We cannot
rule out the possibility of differential ascertainment of CV events in the RA and non-RA
cohorts. However, the comprehensive medical records linkage system of the Rochester
Epidemiology Project (covering inpatient and outpatient care from all local providers)
allowed us to access complete healthcare information for the entire study population over
approximately 15 years of follow-up and enabled us to validate CV events. In this
geographically well-defined population, almost all residents come to medical attention in
any three-year period5, and so differential ascertainment is unlikely to affect our results.
Absolute risk for individual CV events (e.g. MI or HF) could also be as informative as all
CV events combined. However, this study had inadequate power to examine absolute risk
for each CV event individually. Although the impact of risk factors may vary from one
specific CV event to another, there is sufficient commonality of risk factors to warrant
examining overall CVD risk. Furthermore, preventive measures taken to prevent any one
CV event would be expected to also prevent risk of the other CV events. Our study
population was largely composed of white individuals, which may limit the generalizability
of our findings to more diverse populations. The absolute cardiovascular event rates may
have changed in the general population in recent years and therefore, the event rates reported
in this manuscript may not reflect the current rates. Finally, the absolute risk estimates for
CV events reported in this manuscript reflect the overall risk for RA subjects at various
levels of risk, from very high to low risk. Extending this research to develop a RA-specific
risk prediction score which can differentiate RA subjects according to level of risk is the
subject of our ongoing research.

This study has a number of strengths, including the inclusion of an unselected population-
based incidence cohort of RA patients ascertained at their RA incidence, the longitudinal
design with approximately 15 years of follow-up and complete and accurate ascertainment
of CV events and risk factors using established criteria. Furthermore, inclusion of a matched
non-RA comparison cohort ascertained from the same underlying population and with
identical data collection methods allowed us to make absolute risk comparisons which
would not be feasible otherwise.

In conclusion, the 10-year absolute CV risk in RA subjects is high, even at incidence and is
similar to that of non-RA subjects 5-10 years older. This difference is even more profound
among women. The absolute CV risk varies substantially according to presence of CV risk
factors. These findings underscore the importance of careful CV risk assessment for each
newly diagnosed RA subject, followed by individualized preventive care. Future research
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should focus on the development of RA specific CV risk scores designed to more accurately
identify RA subjects’ unique risk profiles and guide individualized therapy.
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Figure 1. Cumulative incidence of combined CV endpoint by age groups in RA and non-RA
subjects
a. 40-49 and 50-59 years old RA (solid lines) and non-RA (dotted lines) subjects
b. 60-69 and 70-79 year old RA (solid lines) and non-RA (dotted lines) subjects
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Figure 2. Estimated 10-year cardiovascular risk by age groups among non-RA (first column) and
RA (second column) subjects, Rochester, MN
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Table 1

Baseline Characteristics

RA cohort N=553 Non-RA cohort N=574 p-value

Age at RA incidence, mean (years) 56.8 (±15.0) 57.3 (±15.0) 0.60

Female, n (%) 406 (73) 425 (74) 0.81

Follow-up (years), median 14.7 16.1 --

CV risk factors N (%) N (%)

Current/former cigarette smoking status 285 (52) 247 (43) 0.004

Hypertension 272 (49) 277 (48) 0.76

Dyslipidemia * 137 (48) 155 (51) 0.43

High BMI (≥30 kg/m2) 66 (12) 66 (12) 0.82

Low BMI (<20 kg/m2) 64 (12) 58 (10) 0.43

Diabetes mellitus 36 (7) 36 (6) 0.87
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