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ABSTRACT
Objective: To compare the frequency of traditional
cardiovascular (CV) risk factors in rheumatoid arthritis
(RA) compared to non-RA subjects, and examine their
impact on the risk of developing selected CV events
(myocardial infarction (MI), heart failure (HF) and CV
death) in these two groups.
Methods: We examined a population-based incidence
cohort of subjects with RA (defined according to the
1987 American College of Rheumatology criteria), and an
age- and sex-matched non-RA cohort. All subjects
were followed longitudinally through their complete
community medical records, until death, migration, or 1
January 2001. Clinical CV risk factors and outcomes
were defined using validated criteria. The x2 test was
used to compare the frequency of each CV risk factor at
baseline. Person-years methods were used to estimate
the rate of occurrence of each CV risk factor during
follow-up. Cox models were used to examine the
influence of CV risk factors on the development of CV
outcomes.
Results: A total of 603 RA and 603 non-RA subjects
(73% female; mean age 58 years) were followed for a
mean of 15 and 17 years (total: 8842 and 10 101 person-
years), respectively. At baseline, RA subjects were
significantly more likely to be former or current smokers
when compared to non-RA subjects (p,0.001). Male
gender, smoking, and personal cardiac history had weaker
associations with CV events among RA subjects,
compared to non-RA subjects. There was no significant
difference between RA and non-RA subjects in the risk
imparted with respect to the other CV risk factors (ie,
family cardiac history, hypertension, dyslipidaemia, body
mass index, or diabetes mellitus).
Conclusion: While some traditional CV risk factors
imparted similar risk among RA compared with non-RA
subjects, others (ie, male gender, smoking and personal
cardiac history) imparted significantly less risk for the
development of CV disease. These differences in the
overall impact of traditional CV risk factors suggest that
strategies to prevent CV disease and mortality focused
solely on controlling traditional CV risk factors may be
relatively less beneficial in RA subjects than in the general
population. Further research is needed to determine
optimal approaches to reducing CV morbidity and
mortality in persons with RA.

Rheumatoid arthritis (RA) is a chronic, systemic,
inflammatory disease associated with persistent
inflammatory synovitis, progressive joint destruc-
tion, and an excess mortality when compared to
the general population.1 2 Cardiovascular (CV)

diseases are the underlying cause of death in a
substantial proportion of deceased RA subjects.1 3–10

While traditional CV risk factors are strong
predictors of CV outcomes that contribute to the
CV morbidity and mortality in the general
population,11–13 their impact on CV morbidity and
mortality in RA is unclear. The objective of this
study was to compare the frequency of traditional
CV risk factors in RA and non-RA subjects and to
determine whether the impact of these risk factors
on the risk of developing selected CV outcomes
(myocardial infarction (MI), heart failure (HF) and
CV death) differed in RA subjects, when compared
to those without RA. Thus, by comparing subjects
with RA (a chronic systemic inflammatory dis-
ease), and non-RA, our goal was to draw inferences
regarding the potential relationship between
inflammation and CV risk.

METHODS
The study was conducted within the population of
Rochester, Minnesota, USA. This population is
well suited for a longitudinal, population-based
cohort study of RA subjects because comprehen-
sive medical records for all residents seeking
medical care by any medical care provider for over
half a century are available. The medical records
linkage system of the Rochester Epidemiology
Project (REP) 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 commu-
nity hospital, local nursing homes, and the few
private practitioners. The potential of this data
system for population-based research studies has
been previously described.14 15 This system assures
virtually complete clinical and vital status informa-
tion for cases of RA among Rochester, Minnesota
residents.

We designed a retrospective, population-based
cohort study. The study population consisted of a
previously described16 17 inception cohort of all
subjects who fulfilled the 1987 American College
of Rheumatology criteria18 for RA between 1
January 1955 and 1 January 1995 among
Rochester, Minnesota residents >18 years of age,
and an age- and sex-matched cohort of subjects
without RA. RA incidence date was defined as the
first date of fulfilment of four (out of the seven)
diagnostic criteria. For each subject with RA, an
individual without RA having a similar birth year
(+/23 years), sex and length of medical record was
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randomly selected from the same underlying population. These
subjects comprised the non-RA cohort. Each non-RA subject
was assigned an index date corresponding to the RA incidence
date (baseline) of the corresponding RA patient. All subjects
were followed longitudinally through their entire medical
records, until death, migration, or 1 January 2001 (end of
follow-up for the study).

Ascertainment of CV risk factors
Detailed information was collected regarding each clinically
documented occurrence of the CV risk factors during the entire
follow-up period. Traditional CV risk factors were defined
according to standardised diagnostic criteria.

Personal and family cardiac history were ascertained at
baseline and included presence of angina pectoris, coronary
artery disease, coronary insufficiency, ischemic heart disease, MI
(including silent events), HF, pulmonary oedema and coronary
revascularisation procedures (ie, coronary artery bypass graft,
percutaneous angioplasty, insertion of stents and atherectomy).
Positive family cardiac history was defined as presence of heart
disease in first degree relatives.

Cigarette smoking status was determined at baseline by
medical record abstraction and categorised as ‘‘current’’,
‘‘former’’, or ‘‘never’’. Use of other tobacco products (eg, pipe,
cigar) was not considered.

Hypertension was defined according to the criteria of the
Joint National Committee on Detection, Evaluation and
Treatment of High Blood Pressure.19 20 Subjects with two or
more ambulatory blood pressure readings >140 mmHg systolic
and/or 90 mmHg diastolic were considered to be hypertensive
and the first date they fulfilled these criteria was considered the
hypertension incidence date. Subjects who did not fulfil these
criteria, but who had a physician’s diagnosis of hypertension in
their medical records and/or were receiving antihypertensive
agents were also considered hypertensive and the earliest
recorded date of hypertension diagnosis was considered the
hypertension incidence date.

Dyslipidaemia was defined according to the cut-off 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.21 22

Dyslipidaemia was considered present if low-density lipoprotein
(LDL)-cholesterol level was >0.41 mmol/L, total cholesterol
level was >6.20 mmol/L, high-density lipoprotein (HDL)-
cholesterol level was ,1.03 mmol/L or triglycerides level was
>1.69 mmol/L.

Obesity was defined in accordance with the clinical guidelines
on the ‘‘Identification, Evaluation and Treatment of
Overweight and Obesity in Adults’’.23 Body mass index (BMI)
(defined as weight in kilograms divided by the square of the
height in metres (weight/height2 in kg/m2)) was categorised as
high BMI (obesity), defined as BMI >30 kg/m2, or low BMI,
defined as BMI ,20 kg/m2, at baseline and at the date of first
entry into either the high BMI or the low BMI category during
follow-up.

Diabetes mellitus (DM) was defined according to the
diagnostic criteria adopted by the World Health Organization
consultation group in 1998 as fasting plasma glucose >7 mmol/
L or a 2-h plasma glucose >11.11 mmol/L following a glucose
load, a clearly documented history of DM and/or current
treatment with hypoglycaemic agents (including insulin).24 The
date subjects first fulfilled these diagnostic criteria was
considered the DM incidence date.

Ascertainment of CV outcomes
The outcomes in this study included: MI, HF, and CV death and
were assessed according to the definitions below.

Myocardial infarction
Data were collected regarding all non-fatal MIs that occurred in
RA and non-RA subjects throughout the follow-up period.
Hospitalised MIs were defined according to standard epidemio-
logical25 26 criteria and classified as definite, probable, suspect, or
no MI based on the presence of cardiac pain, biomarker values
and the Minnesota coding of the electrocardiogram (ECG).27 28

Definite and probable MIs were used for analyses.

Heart failure
HF was defined using the Framingham Heart Study criteria.29

These validated criteria30 require the simultaneous presence of at
least two major criteria (paroxysmal nocturnal dyspnoea or
orthopnea, neck vein distention, rales, cardiomegaly, acute
pulmonary oedema, S3 gallop, increased venous pressure higher
or equal to 16 cm of water, circulation time higher or equal to
25 s, hepatojugular reflux), or one major criterion and two
minor criteria (ankle oedema, night cough, dyspnoea upon
exertion, hepatomegaly, pleural effusion, vital capacity
decreased by one third from maximum, tachycardia rate of
higher or equal to 120 beats/min, weight loss >4.5 kg in 5 days
in response to treatment).

Cardiovascular death
All causes of death (including both underlying and contributory
causes) as reported in medical records and/or death certificates
were collected for all deceased subjects. All subjects were
tracked nationally to ascertain vital status, and death certifi-
cates were obtained from the respective states for subjects who
were deceased out of state. CV death included the following
causes of death: coronary heart disease deaths (ie, old, previous
or acute MI, stable or unstable angina pectoris, other forms of
chronic ischemic heart disease), arrhythmias, dysrrhythmias,
hypertension, HF, pulmonary oedema, rheumatic heart disease,
valvular stenosis or insufficiency and ruptured aortic aneurysm.

Statistical methods
Descriptive statistics were used to examine the baseline
characteristics of the RA and the non-RA subjects. The x2 test
was used to compare the frequency of each CV risk factor at
baseline. Estimates for the rate of development of each CV risk
factor during follow-up (among those who did not have the risk
factor at baseline) were obtained using person-years methods.
Rate ratios (RR) were used to compare the rate of development
of CV risk factors among the RA and non-RA cohorts.
Confidence intervals (CI) for RR were obtained using an F
approximation.31 Cox models with age as the time scale, and
stratified by sex were used to examine the relative effect of the
CV risk factors on CV outcomes (both individually and
combined, defined as the earliest of the three outcomes: MI,
HF, and CV death) in RA compared to non-RA subjects.
Subjects who experienced MI or HF prior to baseline were
removed from the analysis of the MI or HF outcome and from
the analysis of the combined CV outcome. Dichotomous time-
dependent covariates were used to account for risk factors that
developed after baseline. Specifically, over the follow-up period,
a patient’s status was changed from unexposed to exposed at
the time of first identification of a particular risk factor. p
Values ,0.05 were considered statistically significant. In
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addition, Poisson regression models were used to assess the
absolute increment in CV risk associated with each CV risk
factor. The absolute risk estimates the average increase in
cardiovascular risk on an absolute scale that is attributable to a
risk factor within RA and non-RA cohorts and takes into
account the higher baseline cardiovascular risk of RA patients.
These models were adjusted for age, sex, and calendar year.

RESULTS
The study population comprised 603 subjects with RA and 603
non-RA subjects. Table 1 provides the baseline characteristics of
the study population. Mean age was 58 years and 73% of
subjects were women in both groups. RA subjects were
significantly more likely to have been former or current smokers
when compared to non-RA subjects (p,0.001). The baseline
prevalence of personal and family cardiac history, and all other
CV risk factors: hypertension, dyslipidaemia, high and low BMI,
and DM were similar in both groups (table 1).

The RA and non-RA subjects were followed for a mean of 15
and 17 years, corresponding to 8842 and 10 101 person-years,
respectively. Incidence rates for each of the CV risk factors are
shown in table 2. RA subjects were significantly more likely to
develop low BMI (RR: 1.79, 95% CI 1.28–2.54) and less likely to
develop dyslipidaemia (RR: 0.75, 95% CI 0.61–0.91) when
compared with non-RA subjects. RA subjects were at similar
risk for developing hypertension, and were also less likely to be
obese and diabetic than non-RA subjects during follow-up, but
none of these differences reached statistical significance.

During the follow-up, 40 RA subjects experienced a non-fatal
MI, 165 RA subjects developed HF, and 171 died of CV causes.
In contrast, 46 non-RA subjects experienced MI (fatal and non-
fatal), 115 developed HF, and 132 died of CV causes. Overall,
230 RA subjects and 176 non-RA subjects experienced at least
one of these events, which comprised the combined outcome.
The impact of the traditional CV risk factors on the combined
CV outcome was also assessed (table 3). In RA subjects, male
gender (HR: 1.32, 95% CI 0.99–1.75), current smoking (HR:
1.32, 95% CI 0.97–1.81), hypertension (HR: 1.97, 95% CI 1.24–
3.11), DM (HR: 1.62, 95% CI 1.17–2.24), and low BMI
(HR:1.58, 95% CI 1.19–2.10), were associated with a higher
risk of developing a CV outcome. Similarly, among non-RA
subjects, a higher risk for developing a CV outcome was
associated with male gender (HR: 2.22, 95% CI 1.60–3.06),
current smoking (HR: 2.19, 95% CI 1.56–3.09), personal cardiac
history (HR: 2.35, 95% CI 1.61–3.43), hypertension (HR: 2.75,
95% CI 1.33–5.69), and DM (HR: 2.05, 95% CI 1.46–2.90)
respectively. The remaining CV risk factors did not show

significant associations with the development of CV outcomes
in either the RA or the non-RA cohort.

Figure 1 (which corresponds to columns 2 and 3 of table 3)
shows the influence of traditional CV risk factors (expressed as
HR and 95% CI) on the combined CV outcome in RA and non-
RA subjects, separately. Gender, smoking status, and personal
cardiac history appear to have a different influence on CV
outcome in RA compared to non-RA subjects.

To demonstrate the relative influence of the traditional CV
risk factors for the combined CV outcome within the RA and
non-RA cohorts, the absolute risks were estimated for gender,
smoking and personal cardiac history. With respect to the
relative influence of gender within the RA cohort, the absolute
risk of the combined CV outcome is 1.1 per 100 person-years
(py) for a 70-year-old female with RA compared to 1.4 per 100
py for a 70-year-old male with RA (an additional 0.3 per 100 py).
Within the non-RA cohort, the absolute risk is 0.5 per 100 py
for a 70-year-old female without RA compared to 1.1 per 100
py for a 70-year-old male without RA (an additional 0.6 per
100 py).

With respect to smoking, the absolute risk of the combined
CV outcome is 2.5 per 100 py for 70-year-old female non-
smokers with RA compared to 3.1 per 100 py for 70-year-old
smokers with RA (an additional 0.6 per 100 py). In comparison,
within the non-RA cohort, the absolute risk is 1.2 per 100 py for
70-year-old female non-smokers without RA compared to 2.7
per 100 py for 70-year-old female smokers without RA (an
additional 1.5 per 100 py).

Finally, with respect to personal cardiac history, the absolute
risk of the combined CV outcome is 1.1 per 100 py for a 70-year-
old female with RA and no personal cardiac history compared to
1.3 per 100 py for a 70-year-old female with RA and a positive
cardiac history (an additional 0.2 per 100 py). Within the non-
RA cohort, the absolute risk is 0.5 per 100 py for a 70-year-old
female without RA and no personal cardiac history compared
1.3 per 100 py for those with a personal cardiac history (an
additional 0.8 per 100 py). None of the other risk factors
demonstrated a different influence for RA compared to non-RA
subjects, so the remaining absolute risks are not shown.

DISCUSSION
Rheumatic diseases have historically been considered as
inflammatory conditions that primarily affect the musculoske-
letal system. Only recently has attention been focused on
systemic features and comorbidities. This study is among the
first population-based analyses examining the distribution and
impact of CV risk factors on CV outcomes.

Table 1 Prevalence of cardiovascular (CV) risk factors at baseline in 603 rheumatoid arthritis (RA) and 603
non-RA subjects

CV risk factor RA cohort n (%) Non-RA cohort n (%) p Value

Family cardiac history 287 (48) 284 (47) 0.86

Personal cardiac history 77 (13) 72 (12) 0.66

Cigarette smoking status ,0.001

Never 285 (47) 341 (57)

Former 148 (25) 118 (19)

Current 170 (28) 144 (24)

Hypertension 312 (52) 298 (49) 0.42

Dyslipidaemia* 163 (49) 169 (52) 0.45

High BMI (>30 kg/m2) 71 (13) 68 (13) 0.98

Low BMI (,20 kg/m2) 73 (13) 63 (12) 0.50

Diabetes mellitus 44 (7) 41 (7) 0.74

*Lipids were measured in 330 subjects in the RA cohort and 323 in the non-RA cohort. BMI, body mass index.
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With the exception of smoking, which was more common in
RA subjects, the distribution of many of the traditional CV risk
factors at baseline was similar among RA and non-RA subjects.
This finding is similar to other reports in the literature.32

However, our analysis demonstrates that these risk factors
behave differently in RA subjects compared to non-RA subjects.
In fact, most of the traditional CV risk factors appear to have a
weaker association with CV events (ie, impart a lower risk for
CV events) among RA compared to non-RA subjects. In
contrast, a non-traditional risk factor (ie, low BMI) appears to
increase CV risk among RA subjects but not among non-RA
subjects. Thus, the impact of CV risk factors differs in RA
compared to non-RA subjects. These observations provide new
insights regarding the underlying mechanisms of CV events in
RA subjects.

One plausible explanation for the observation that traditional
CV risk factors appear to have a weaker association in RA
subjects when compared to non-RA subjects is illustrated in
table 4. This hypothetical example demonstrates the impact of a
traditional CV risk factor (in this case smoking status) on a CV
outcome (in this case HF) in hypothetical cohorts of 1000 non-
RA and 1000 RA subjects. Assuming that there are 150 HF cases
among the non-RA subjects, and that 100 of these HF cases are
smokers and 50 are non-smokers; the hazard ratio for HF
associated with smoking is 2.0 (100/50). In other words, non-
RA smokers in this example are twice as likely to develop HF as
non-RA subjects who do not smoke. If smoking imparts the
same risk for HF among RA subjects as in non-RA subjects, we
would expect 150 HF cases among the RA subjects, 100 smokers
and 50 non-smokers (column 3, table 4). However, as previously
reported, there is an increased incidence of HF in RA compared
to non-RA subjects.8 33 So, in fact, we expect more HF cases

among RA than non-RA subjects. In this example, we assume
that there are 100 additional HF cases in RA compared to non-
RA subjects, for a total of 250 HF cases among RA subjects
(table 4, Column 4). Assuming that the 100 additional HF cases
in RA subjects occur as a result of a novel CV risk factor that is
unique to RA subjects and is independent of smoking (factor X
in table 4), as this factor is independent of smoking, these 100
additional HF cases are distributed equally among smokers and
non-smokers (ie, 50 cases in each). Considering this new risk
factor, the resulting hazard ratio for HF associated with
smoking among RA subjects is (150/100 = 1.5), lower than that
for non-RA subjects (100/50 = 2.0).

Thus, as illustrated by this hypothetical example, the
presence of a novel CV risk factor that promotes HF in RA,
but not in non-RA subjects, may result in an apparent dilution
effect, making the relative contribution of traditional CV risk
factors appear smaller among RA subjects. This hypothesis is
indeed consistent with our absolute risk estimates for smoking
where the absolute CV risk associated with smoking is actually
larger among RA compared with non-RA subjects, despite a
weaker hazard ratio estimate.

Some potential limitations should be considered when
interpreting our results. As the study is a retrospective cohort
study, it is not possible to ascertain traditional CV risk factors
at pre-specified regular intervals for both groups. However,
because our data resources provide complete ascertainment of
all health care provided for local residents (including, inpatient
and outpatient care from all providers), we were able to obtain
information on CV risk factors in all instances where such
information was documented in subjects’ medical records.
Because both RA subjects and CV events were defined according
to information contained in the medical records, RA subjects

Table 2 Incidence rates (events/100 person-years), rate ratios (rheumatoid arthritis (RA)/non-RA), and 95%
confidence intervals of the cardiovascular (CV) risk factors that developed during follow-up in RA and non-RA
subjects*

Cardiovascular risk factors

Rate per 100 person-years (no. of cases)

Rate ratio (95% CI)RA Non-RA

Hypertension 3.67 (179) 3.59 (215) 1.02 (0.84–1.25)

Dyslipidaemia 2.71 (158) 3.64 (228) 0.75 (0.61–0.91){

High BMI (>30 kg/m2) 0.47 (35) 0.63 (54) 0.75 (0.48–1.13)

Low BMI (,20 kg/m2) 1.17 (83) 0.65 (53) 1.79 (1.28–2.54){

Diabetes mellitus 0.79 (66) 1.02 (98) 0.78 (0.57–1.06)

*Subjects with the risk factor at baseline were removed from the analysis of that specific risk factor.
{ Significant (p,0.05) values.
BMI, body mass index.

Table 3 Influence of traditional cardiovascular (CV) risk factors on combined CV outcomes (myocardial
infarction (MI), heart failure (HF), or CV death) in rheumatoid arthritis (RA) subjects compared to non-RA
subjects

Characteristic RA: HR (95% CI) Non-RA: HR (95% CI) p Value

Gender (male)* 1.32 (0.99–1.75) 2.22 (1.60–3.06) 0.018

Current smoker* 1.32 (0.97–1.81) 2.19 (1.56–3.09) 0.008

Personal cardiac history* 1.31 (0.86–2.01) 2.35 (1.61–3.43) 0.012

Family cardiac history* 1.07 (0.82–1.39) 1.20 (0.89–1.62) 0.486

Hypertension{ 1.97 (1.24–3.11) 2.75 (1.33–5.69) 0.299

Dyslipidaemia{ 0.92 (0.67–1.26) 1.14 (0.77–1.68) 0.437

High BMI (>30 kg/m2){ 1.27 (0.93–1.74) 1.16 (0.80–1.67) 0.720

Low BMI (,20 kg/m2){ 1.58 (1.19–2.10) 1.31 (0.91–1.91) 0.114

Diabetes mellitus{ 1.62 (1.17–2.24) 2.05 (1.46–2.90) 0.157

*Characteristics measured only at baseline.
{Characteristics measured at baseline and during follow-up and analysed as time dependent covariates.
BMI, body mass index.
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and/or events that did not come to medical attention would
have been missed. However, it is unlikely that individuals with
either RA or CV events would not come to medical attention.
We did not include more recent subjects with RA, who were
treated with newer medications such as the biologics, and thus
were unable to compare the results in recent RA subjects who
have had newer, earlier, or more aggressive treatments in the
past 5 years. Future research should address the association
between the extent of disease activity, treatment with biologics
and the relative role of CV risk factors within the RA cohort.
Finally, the Rochester, Minnesota population during the
calendar years under investigation was predominantly white.
Therefore our findings may not be generalisable to non-white
individuals. With the exception of a higher proportion of the
population with higher education levels, the sociodemographic
characteristics of Olmsted County residents closely resemble
those of the US white population.

Our study has several strengths. These include a population-
based design, standardised and reproducible approach for case
ascertainment, the long and complete follow-up of all the
subjects studied, and the use of standardised and reproducible
validated criteria to identify RA subjects, CV risk factors, and
CV outcomes.

In conclusion, while the prevalence and incidence of many of
the traditional CV risk factors were similar among RA and non-
RA subjects, there were notable differences in the impact of
some traditional CV risk factors on CV outcome among RA
when compared to non-RA subjects. These results indicate that
CV disease prevention strategies focused solely on controlling
traditional CV risk factors may not have the same impact in

persons with RA as would be expected based on estimates from
the general population. The apparent weaker effect of some CV
risk factors in RA subjects suggests that competing mechanisms
may play a role in the development of CV disease in RA. Further
research, including prospective studies, is needed in order to
uncover the underlying determinants of RA associated CV
morbidity and mortality in order to identify therapeutic
strategies that could, perhaps, ameliorate this phenomenon.
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