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Objective. Rheumatoid arthritis (RA) is associated with an increased risk of cardiovascular disease (CVD), but longitu-
dinal observations are limited and the precise magnitude is unknown. We prospectively assessed the incidence of CVD
in patients with RA compared with patients with type 2 diabetes mellitus (DM) and the general population.
Methods. The 3-year incidence rate of CVD was determined in a prospective cohort (the Cardiovascular Research and
Rheumatoid Arthritis Study) of 353 outpatients with RA, and was compared with that in 1,852 population-based cohort
study participants (155 had type 2 DM). We investigated fatal and nonfatal CVD (according to International Classification
of Diseases, Ninth Revision criteria) and used Cox proportional hazards models to assess the incidence of CVD in RA, type
2 DM, and the general population.
Results. The 3-year incidence of CVD was 9.0% in patients with RA and 4.3% in the general population, corresponding
with an incidence rate of 3.30 per 100 patient-years (95% confidence interval [95% CI] 2.08–4.25) and 1.51 per 100
person-years (95% CI 1.18–1.84), respectively. Compared with the general population, the age- and sex-adjusted hazard
ratio (HR) for RA was 1.94 (95% CI 1.24–3.05, P � 0.004). Neither exclusion of patients with prior CVD at baseline nor
adjustment for cardiovascular risk factors significantly influenced this. Compared with the nondiabetic population,
nondiabetic patients with RA and those with type 2 DM had comparable HRs, 2.16 (95% CI 1.28–3.63, P � 0.004) and 2.04
(95% CI 1.12–3.67, P � 0.019), respectively.
Conclusion. The risk of CVD in RA was significantly elevated compared with the general population, and comparable
with the magnitude of risk in type 2 DM.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, systemic inflam-
matory disease of unknown etiology affecting �1% of the
general population (1). RA increases the risk of mortality,
predominantly due to an excess of cardiovascular deaths
(2–4). Several investigations have demonstrated an in-
creased incidence of cardiovascular disease (CVD) morbid-
ity as well (5–7). In the majority of these studies, however,

the investigators used register-based data, which may be
inaccurate or incomplete, often lacking additional infor-
mation about cardiovascular risk factors or RA disease
activity. So far, only 1 prospective study, with a limited
number of events and a short followup period, has inves-
tigated incident CVD and related risk factors (8). This
study reported an increased incidence of CVD, which was
only partly explained by traditional cardiovascular risk
factors.

In a cross-sectional study, we recently found that the
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prevalence of CVD in RA was increased to a degree that
was comparable with that in type 2 diabetes mellitus (DM)
(9). Overall, cardiovascular risk management seems essen-
tial for patients with RA. For risk estimation, we rely on
risk scores such as the Framingham score (often used in
the US) and the Systemic Coronary Risk Evaluation
(SCORE) model (often used in Europe) (10,11). Both mod-
els use traditional cardiovascular risk factors to estimate
10-year CVD risk and aid clinicians in targeting high-risk
patients. Accurate CVD risk assessment in RA, however, is
complex because the role of traditional risk factors con-
tributing to the increased CVD risk is unclear.

In the present study, we have reported prospective data
on the incidence of CVD in a cohort of Dutch patients with
RA, compared with a cohort of patients with type 2 DM
and a sample from the general population. In addition, we
evaluated the Framingham score and its association with
incident CVD for the patients with RA. Finally, we have
addressed CVD risk factors specific to patients with RA.

PATIENTS AND METHODS

The Cardiovascular Research and Rheumatoid Arthri-
tis (CARRÉ) study. The CARRÉ study is a cohort study
investigating CVD and its risk factors in patients with RA
who have been followed prospectively. In 2000, a random
sample of patients with RA registered at the Jan van Bree-
men Institute in Amsterdam, The Netherlands, was drawn.
Eligible patients fulfilled the 1987 American College of
Rheumatology (formerly the American Rheumatism Asso-
ciation) classification criteria, were diagnosed between
1989 and 2001, and were between 50 and 75 years of age
(12). Patients were enrolled between 2001 and 2002, and
were seen for a second visit between 2004 and 2005. A
total of 353 patients with RA participated. Of these, 18
nonwhite patients with RA were excluded from further
analyses, leaving 335 patients with RA.

The Hoorn study. The Hoorn study is a Dutch cohort
study of glucose metabolism and other cardiovascular risk
factors that began in 1989. The cohort and its baseline
measurements have been described in detail previously
(13). Briefly, a random selection of 3,553 men and women
50–75 years old was taken from the population register. A
total of 2,540 (71.5%) agreed to participate, and after the
exclusion of 56 nonwhite participants, the Hoorn Study
population comprised 2,484 men and women.

The local ethics committees approved both study proto-
cols and all participants gave their written informed con-
sent for the studies.

Baseline measurements. Blood pressure (BP), body
mass index (BMI), and waist:hip ratio were assessed as
described elsewhere (9). Measurements in both studies
were done according to identical protocols. For each pa-
tient, fasting blood samples were collected for glucose and
lipid levels as described previously (9). BP, lipid mea-
sures, and glucose measures, regardless of the use of anti-
hypertensives, statins, or glucose-lowering agents, were

presented. Patients were classified as nonsmokers, former
smokers, or current smokers. The Framingham algorithm
includes baseline cardiovascular risk factors (i.e., sex, age,
low-density lipoprotein cholesterol, high-density lipopro-
tein [HDL] cholesterol, BP, DM, and smoking) to calculate
the Framingham 10-year CVD score (10).

RA-related baseline measurements. Patients with RA
attended the outpatient clinic at the Jan van Breemen
Institute, where a research physician completed a ques-
tionnaire recording demographic data, medical history,
and use of medication. Additionally, a physical examina-
tion was performed that included the Disease Activity
Score in 28 joints (DAS28) (14). Fasting blood samples
were drawn for inflammatory variables (i.e., erythrocyte
sedimentation rate [ESR] and C-reactive protein [CRP] lev-
els) and IgM rheumatoid factor (IgM-RF) antibodies as
described previously (15). Functional (disability) status
was assessed with the Health Assessment Questionnaire
(16), and the presence or absence of erosions on the radio-
graphs of the hands and feet was recorded (yes/no).

DM. Participants with glucose levels �6.1 mmoles/liter
and not treated with glucose-lowering agents were classi-
fied as having normal fasting glucose, and those with a
fasting glucose level �7.0 mmoles/liter or treated with
glucose-lowering agents were classified as having type 2
DM (17). Three groups were created based on these crite-
ria, i.e., nondiabetic RA: RA patients with normal fasting
glucose levels (263 participants [84.3%]); nondiabetic
population: participants from the general population hav-
ing a normal fasting glucose level (1,492 participants
[80.6%]); and type 2 DM: participants from the general
population with a fasting glucose level �7.0 mmoles/liter
or already being treated with glucose-lowering agents (155
participants [8.4%]). Of all patients with DM, 73 (47%) of
155 had known DM (11 diet-only treated, 47 taking oral
glucose-lowering drugs, and 15 taking insulin). The me-
dian DM duration for these patients was 6 years (interquar-
tile range 2–10 years). The remaining 82 patients (53%)
had newly diagnosed DM based on a fasting glucose level
�7.0 mmoles/liter at baseline. The mean � SD glycosy-
lated hemoglobin level of all DM patients was 7.2 � 1.7%.
Patients with RA having an impaired fasting glucose level
or type 2 DM (49 patients [15.7%]) and participants from
the general population having impaired fasting glucose
(205 participants [11.1%]) with fasting glucose levels �6.1
mmoles/liter and �7.0 mmoles/liter were excluded in the
comparison of CVD incidence in nondiabetic patients with
RA and in those with type 2 DM relative to the nondiabetic
population (Figure 1).

Followup and incident CVD. All participants were fol-
lowed up for the occurrence of fatal and nonfatal CVD. The
mean followup duration was calculated as the time be-
tween baseline examination and the end point fatal or
nonfatal cardiovascular event or death, or date of visit,
whichever came first (mean � SD 2.7 � 0.7 years). For
non-RA subjects, the mean followup duration was calcu-
lated as the time between the baseline examination and the
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end point fatal or nonfatal cardiovascular event or death,
or the general cessation date of January 1, 1994, whichever
came first (mean � SD 2.9 � 0.7 years). Participants with
prevalent CVD were included, and if they developed a
cardiovascular event during followup, the followup time
until this event was used.

Information about fatal and nonfatal incident and prev-
alent CVD was extracted from the medical records of gen-
eral practitioners and local hospitals, and was adjudicated
on the basis of standardized criteria by an independent
trained person according to the International Classification
of Diseases, Ninth Revision codes 410.0–410.9, 8038, and
8036 for coronary disease, 435.9 and 436 for cerebral arte-
rial disease, and 798 (sudden death, cause unknown) be-
cause, generally, sudden death is from cardiovascular or-
igin (17,18).

Statistical analyses. The baseline characteristics of the
patients with RA were compared with those of the non-RA
subjects by parametric or nonparametric tests, as appro-
priate. Likewise, baseline characteristics of patients with
RA with incident CVD during followup were compared
with those of RA patients without incident CVD.

Incidence rates for fatal and nonfatal cardiovascular
events were calculated per 100 person-years. To compare
the risk of cardiovascular events in the RA population
with that of the general population, hazard ratios (HRs)
and 95% confidence intervals (95% CIs) were calculated
by Cox proportional hazards models. These primary ana-
lyses were performed with all participants, including
those with prevalent CVD at baseline, and then again after
the exclusion of individuals who had prevalent CVD at
baseline. These analyses are presented separately from one
another in the text and in the tables.

Three models were analyzed: the first was adjusted for
age and sex, the second was adjusted for multiple potential
confounders (age, sex, systolic BP, diastolic BP, antihyper-
tensive use, total cholesterol, HDL cholesterol, statin use,
smoking, BMI, DM, and aspirin use), and the third was

adjusted for Framingham score and cardioprotective treat-
ment. In addition, secondary analyses were performed
comparing cardiovascular events in nondiabetic patients
with RA and cardiovascular events in patients with type 2
DM relative to the nondiabetic population. These second-
ary analyses were similar to the primary analyses except
for the adjustment of DM. Analyses were carried out using
SPSS software, version 14.0 (SPSS, Chicago, IL), and P
values less than 0.05 were considered statistically signifi-
cant. No correction for multiple testing was performed.

RESULTS

Baseline characteristics in the RA group and general
population. For the present study, we excluded 612 sub-
jects (24.1%) from the Hoorn study with missing data on
morbidity (because they did not give permission to access
their hospital files). These participants did not differ es-
sentially from the rest of the cohort with respect to cardio-
vascular risk factors at baseline (19). Information about
incident CVD was not obtained from 23 patients (6.5%)
with RA and from 20 (1.1%) of the remaining persons from
the general population because they stopped participating
or had moved away from the area (Figure 1). Baseline
characteristics of these subjects also did not significantly
differ from the rest of the subjects included in both studies
(data not shown).

The mean age of the patients with RA was 63 years and
65% were women (Table 1). A total of 222 (71%) of 312
patients were IgM-RF positive, and 255 (82%) had ero-
sions on radiographs. Average RA disease duration was 7
years, and disease activity was moderate with a mean
DAS28 score of nearly 4. In terms of cardiovascular risk,
patients with RA were slightly older and more often
women compared with the general population (Table 1). In
addition, patients with RA had higher rates of prior CVD
(diagnosed before inclusion), smoking, and cardioprotec-
tive drug use, i.e., antihypertensives, statins, and aspirin.
Systolic BP and diastolic BP were higher but serum cho-
lesterol levels were lower in patients with RA. Overall, the
Framingham score was significantly lower in patients with
RA. No significant differences were observed for body
composition, i.e., waist:hip ratio and BMI.

Fatal and nonfatal cardiovascular events in the RA
group and general population. During the followup pe-
riod, 28 patients with RA (9.0%) and 80 persons from the
general population (4.3%) had a fatal or nonfatal cardio-
vascular event. The mean followup period of both studies
was nearly 3 years, resulting in a total followup of 848
patient-years for patients with RA and of 5,307 patient-
years for the general population. These numbers translate
into a CVD incidence rate of 3.30 per 100 patient-years
(95% CI 2.08–4.52) for patients with RA and 1.51 per 100
person-years (95% CI 1.18–1.84) for the general population
(Table 2).

Cox regression hazards analyses revealed a 2-fold in-
creased age- and sex-adjusted (model I) HR for incident
CVD in patients with RA in comparison with the general
population (Table 2). Exclusion of individuals with prev-

Figure 1. Study design. CARRÉ � Cardiovascular Research and
Rheumatoid Arthritis; IFG � impaired fasting glucose; DM2 �
type 2 diabetes mellitus; RA � rheumatoid arthritis.
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alent CVD at baseline (model I) did not significantly
change the HR estimates (Table 2). Adjusting for cardio-
vascular risk factors (i.e., total cholesterol, HDL choles-
terol, statins, systolic BP, diastolic BP, antihypertensive
agents, smoking, BMI, DM, and aspirin; model II) had no
significant influence on either HR (Table 2). When ad-
justed for the Framingham score and cardioprotective
treatment (model III), the HR decreased slightly (Table 2).

CVD in nondiabetic patients with RA and patients with
type 2 DM compared with the nondiabetic population.
Cox regression analyses were performed comparing the
incidence of CVD in nondiabetic patients with RA, pa-
tients with type 2 DM, and the nondiabetic population,
with the latter group as reference category (Table 3). The
age- and sex-adjusted HR of cardiovascular events was
2.16 (95% CI 1.28–3.63, P � 0.01) for nondiabetic patients

Table 1. Baseline characteristics*

General
population
(n � 1,852)

RA
population
(n � 312)

Demographic variables
Age, years 62 � 7 63 � 8†
Women, % 53 65†

Cardiovascular risk factors
Previous CVD, % 7 13†
Systolic BP, mm Hg 135 � 20 142 � 20†
Diastolic BP, mm Hg 82 � 10 81 � 8†
Total cholesterol, mmoles/liter 6.6 � 1.2 5.8 � 1.1†
HDL cholesterol, mmoles/liter 1.3 � 0.4 1.4 � 0.5†
LDL cholesterol, mmoles/liter 4.6 � 1.1 3.7 � 1.0†
Triglycerides, median (IQR) mmoles/liter 1.4 (1.0–1.9) 1.3 (1.0–1.8)†
TC/HDL ratio 5.4 � 1.7 4.4 � 1.6†
Smoking, %

Never 34 21†
Former smoker 36 49†
Current smoker 30 30†

Waist:hip ratio 0.89 � 0.09 0.89 � 0.08
Body mass index, kg/m2 26 � 3 27 � 5
Glucose status

Normal fasting glucose levels, % 81 84
IFG levels, % 11 8
DM, % 8 7
Known/newly diagnosed DM, % 47/53 65/35
HbA1c level 7.2 � 1.7 –
DM disease duration, median (IQR) years‡ 6 (2–10) –

Framingham score, median (IQR) 14 (9–22) 13 (8–18)†
Medication, %

Antihypertensive drugs 20 26†
Statins 2 12†
Aspirin 3 17†

RA variables
Age at onset of RA, years 56 � 8
RA duration, median (IQR) years 7 (4–10)
IgM-RF �30 IU/ml, % 71
Erosions on radiographs, % 82
DAS28 score (range 0–10) 3.9 � 1.3
HAQ score (range 0–10), median (IQR) 0.8 (0.3–1.1)
Current methotrexate, % 59
Current sulfasalazine, % 16
Current hydroxychloroquine, % 7
Current prednisone, % 17
Current biologic agents, % 10

* Values are the mean � SD unless otherwise indicated (continuous variables presented as means � SDs
in case of a normal distribution or as medians [interquartile ranges; IQR] in case of a non-normal
distribution. Dichotomous variables presented as the percentage of total cases). RA � rheumatoid
arthritis; CVD � cardiovascular disease; BP � blood pressure; HDL � high-density lipoprotein; LDL �
low-density lipoprotein; TC � total cholesterol; IFG � impaired fasting glucose; DM � diabetes mellitus;
HbA1c � glycosylated hemoglobin; IgM-RF � IgM rheumatoid factor; DAS28 � Disease Activity Score in
28 joints; HAQ � Health Assessment Questionnaire.
† Significantly different from the general population.
‡ Among those with a prior diagnosis of DM.
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with RA and 2.04 (95% CI 1.12–3.67, P � 0.02) for patients
with type 2 DM. The cardiovascular event-free probability

during the followup period and an illustration of how the
CVD HR for nondiabetic patients with RA and patients

Table 2. Hazard ratios and 95% confidence intervals for incident CVD in patients with
RA relative to the general population*

General
population RA P

All patients
Fatal and nonfatal CV events

Patients, no. 1,852 312
Total followup, years 5,307 848
Cases, no. 80 28
Incidence per 100 patient-years 1.51 3.30

Models
I† 1.0 1.94 (1.24–3.04) 0.004
II‡ 1.0 1.97 (1.16–3.34) 0.012
III§ 1.0 1.61 (0.98–2.66) 0.056

Patients with prevalent CVD excluded¶
Fatal and nonfatal CV events

Patients, no. 1,723 272
Total followup, years 4,965 729
Cases, no. 64 19
Incidence per 100 patient-years 1.29 2.61

Models
I† 1.0 1.88 (1.12–3.16) 0.017
II‡ 1.0 2.05 (1.14–3.69) 0.017
III§ 1.0 1.97 (1.15–3.38) 0.014

* CVD � cardiovascular disease; RA � rheumatoid arthritis; CV � cardiovascular.
† Adjusted for age and sex.
‡ Adjusted for age, sex, systolic blood pressure, diastolic blood pressure, antihypertensive agents, total
cholesterol, high-density lipoprotein cholesterol, statins, smoking, body mass index, diabetes mellitus,
and aspirin.
§ Adjusted for Framingham risk score, antihypertensive agents, statins, and aspirin.
¶ CVD according to the International Classification of Diseases criteria.

Table 3. HRs and 95% CIs for incident CVD in nondiabetic patients with RA and in
patients with type 2 DM relative to nondiabetic population*

HR 95% CI P

All patients
Model I†

Nondiabetic population 1.00 Reference –
Type 2 DM 2.04 1.12–3.67 0.019
Nondiabetic patients with RA 2.16 1.28–3.63 0.004

Model II‡
Nondiabetic population 1.00 Reference –
Type 2 DM 1.42 0.77–2.62 0.261
Nondiabetic patients with RA 1.90 1.04–3.47 0.036

Patients with prevalent CVD excluded§
Model I†

Nondiabetic population 1.00 Reference –
Type 2 DM 3.05 1.64–5.68 0.001
Nondiabetic patients with RA 2.38 1.30–4.36 0.005

Model II‡
Nondiabetic population 1.00 Reference –
Type 2 DM 2.15 1.11–4.19 0.024
Nondiabetic patients with RA 2.31 1.19–4.48 0.010

* HRs � hazard ratios; 95% CIs � 95% confidence intervals; CVD � cardiovascular disease; RA �
rheumatoid arthritis; DM � diabetes mellitus.
† Adjusted for age and sex.
‡ Adjusted for age, sex, systolic blood pressure, diastolic blood pressure, antihypertensive agents, total
cholesterol, high-density lipoprotein cholesterol, statins, body mass index, smoking, and aspirin.
§ CVD according to the International Classification of Diseases criteria.
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with type 2 DM is significantly and roughly equally ele-
vated compared with the nondiabetic population are
shown in Figure 2. After adjustment for cardiovascular
risk factors, the HR for nondiabetic patients with RA re-
mained (1.90 [95% CI 1.04–3.47, P � 0.04]), whereas the
relative HR for patients with type 2 DM diminished (1.42
[95% CI 0.77–2.62, P � 0.26]). Similar results were ob-
served when analyses were done excluding the patients
with prevalent CVD (Table 3).

Baseline differences in patients with RA with and with-
out incident CVD. At baseline, several traditional cardio-
vascular risk factors were increased in the group of
patients with RA who developed a cardiovascular event
during the followup period (Table 4). As compared with
RA patients without incident CVD, RA patients with inci-
dent CVD were older, more often men, had higher rates of
smoking, and had a higher systolic BP. Similarly, the Fra-
mingham score was significantly higher in RA patients
with incident CVD (18% versus 11%; P � 0.001). These
results remained when RA patients with prevalent CVD
were excluded.

In addition, previous CVD was present more often in
patients with RA who developed a cardiovascular event
during followup, and these patients more frequently used
antihypertensive agents, statins, and aspirin. Disease ac-
tivity variables were somewhat higher in RA patients with
incident CVD, but none of these variables reached statis-
tical significance. With regard to antirheumatic treatment,
methotrexate was used significantly less often, whereas
coxibs and glucocorticoids were used more frequently in
patients with incident CVD. When RA patients with prev-
alent CVD were excluded, the reported differences re-
mained (Table 4).

DISCUSSION

Our prospective study of 2 cohorts confirms that Dutch
patients with RA have an �2-fold higher CVD risk than the
general population, and that the magnitude of this in-
creased CVD risk is comparable with the CVD risk in
patients with type 2 DM. These findings confirm our pre-
vious cross-sectional findings (9). Traditional cardiovascu-
lar risk factors, although associated with incident CVD,
did not explain the excess CVD in patients with RA. Con-
sequently, the calculated Framingham score at baseline
underestimated the true cardiovascular risk in RA, indi-
cating that primary cardiovascular prevention strategies in
RA should not only be aimed at targeting traditional car-
diovascular risk factors, but also at the inflammatory bur-
den in RA. In contrast to previous epidemiologic studies,
we did not find a significant difference in CVD mortality
between patients with RA and controls, which might be
due to a lack of statistical power.

RA and DM are associated with an adverse profile of
traditional cardiovascular risk factors, but this does not
seem to fully explain their increased CVD incidence (20–
22). In this study, patients with RA, as compared with the
general population, reported higher rates of smoking and
higher systolic BP. Smoking is a strong and independent
cardiovascular risk factor and increases susceptibility for
the development of RA as well as its severity (23). Hyper-
tension can be seen as a reflection of increased arterial
stiffness, which has been demonstrated in patients with
RA and appears to be linked to the presence of inflamma-
tion (24–26). However, no such correlation between acute-
phase markers and pulse pressure was found in our study
(data not shown).

Dyslipidemia, another traditional cardiovascular risk
factor, occurred less often in RA. This is most probably
due to the fact that the CARRÉ study was carried out
approximately a decade later than the Hoorn study, in a
period of time showing a nationwide trend of decreasing
lipid levels, probably caused mostly by lifestyle measures
and an increase in the prescription of statins (27). Alto-
gether, traditional cardiovascular risk factors identify RA
patients with a higher CVD risk, but it seems that they
either do not or only to a limited extent explain the excess
CVD in RA, because adjustment for cardiovascular risk
factors did not lower the risk of CVD in patients with RA.

The role of inflammation in the pathogenesis of CVD in
RA remains unclear. Previous studies have suggested that
both disease activity as well as disease duration are asso-
ciated with atherosclerosis and a higher mortality rate
caused by coronary artery diseases (28–32). Moreover,
effective antirheumatic treatment, such as methotrexate
and anti–tumor necrosis factor, actually seem to lower the
cardiovascular risk in RA (33–35). However, several obser-
vational studies still indicate an increased mortality rate in
RA despite more aggressive treatment in the past 20 years
(36,37). In our study, inflammatory variables at baseline,
i.e., DAS28 score, ESR, CRP level, and disease duration,
were only slightly and nonsignificantly higher in patients
with RA developing a cardiovascular event. This might be
due to a Type II error, because the study was not designed

Figure 2. Cardiovascular event–free probability to 3 years among
nondiabetic controls (black line), patients with type 2 diabetes
mellitus (DM) (light grey line), and nondiabetic patients with
rheumatoid arthritis (RA) (dark grey line). The hazard ratios for
the nondiabetic controls and patients with RA as compared with
nondiabetic controls were as follows: for patients with type 2 DM,
2.0 (95% confidence interval [95% CI] 1.1–3.7); for nondiabetic
patients with RA, 2.2 (95% CI 1.3–3.6). Differences were esti-
mated from age- and sex-adjusted Cox proportional hazards mod-
els.
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to investigate CVD risk at different levels of inflammatory
burden.

The excess of CVD in DM, a well-established cardiovas-
cular risk factor, is strongly related to DM-related factors,
such as type and duration of DM, ethnicity, family history,
and renal function (22). Therefore, the investigators from
the SCORE risk model concluded that their model is
equally sufficient for DM patients, but underlined that the
estimated risk is at least twice as high in diabetic men and
4 times higher in diabetic women compared with the score
given by the charts (11). This may also apply for RA,
because the Framingham score also seems to underesti-
mate the true CVD risk.

To investigate to what extent cardiovascular risk factors,
i.e., Framingham risk score estimates, explain the excess
cardiovascular risk in patients with RA, we introduced the
Framingham risk score estimate, cardioprotective treat-
ment, age, and sex into a single statistical model. This
model revealed a remaining 1.6-fold (borderline signifi-
cant: P � 0.056) higher risk for patients with RA relative to
controls. Therefore, the increased cardiovascular risk in
RA is partially explained by traditional cardiovascular risk
factors, raising the possibility of introducing a multiplica-
tion factor of �1.6 when using the Framingham score. In
addition, these observations emphasize the importance of
proper treatment of traditional cardiovascular risk factors.

Table 4. Characteristics of patients with RA with and without incident CVD*

All patients with RA Without prevalent CVD

Non-CVD
(n � 284)

CVD
(n � 28)

Non-CVD
(n � 253)

CVD
(n � 19)

Demographic variables
Age, years 63 � 7 67 � 7† 63 � 7 67 � 6†
Women, % 66 46† 68 40†

Cardiovascular risk factors
Previous CVD, % 13 29† – –
Systolic BP, mm Hg 141 � 19 150 � 25† 141 � 19 152 � 23†
Diastolic BP, mm Hg 81 � 8 82 � 11 81 � 8 82 � 9
Total cholesterol, mmoles/liter 5.8 � 1.1 5.4 � 0.9 5.9 � 1.1 5.6 � 1.1
HDL cholesterol, mmoles/liter 1.5 � 0.5 1.3 � 0.5 1.5 � 0.5 1.2 � 0.5
LDL cholesterol, mmoles/liter 3.7 � 1.0 3.4 � 1.0 3.8 � 1.0 3.7 � 1.1
Triglycerides, median (IQR) mmoles/liter 1.3 (1.0–1.8) 1.2 (0.9–1.8) 1.3 (1.0–1.8) 1.2 (0.9–2.0)
TC/HDL ratio 4.4 � 1.5 4.7 � 2.3 4.4 � 1.5 5.2 � 2.4†
Smoking, %

Never 22 11 24 10
Former smoker 29 52 29 50
Current smoker 49 37 47 40

Waist:hip ratio 0.89 � 0.08 0.91 � 0.07 0.88 � 0.08 0.92 � 0.08
Body mass index, kg/m2 27 � 5 27 � 4 27 � 5 27 � 4
DM, % 6 11 6 11
Framingham score, median (IQR) 11 (7–18) 18 (13–27)† 11 (7–16) 19 (11–27)†

Medication
Antihypertensive drugs, % 23 48† 20 40
Statins, % 11 25† 6 10
Aspirin, % 15 43† 6 30†

RA variables
Disease duration, median (IQR) years 7 (4–10) 8 (5–10) 7 (4–10) 8 (5–10)
IgM-RF �30 IU/ml, % 72 70 71 68
Erosions on radiographs, % 81 85 82 84
DAS28 score (range 0–10) 3.9 � 1.4 4.1 � 1.3 3.8 � 1.3 4.0 � 1.1
ESR, median (IQR) mm/hour 16 (8–28) 22 (11–27) 17 (9–29) 22 (12–29)
CRP level, median (IQR) mg/liter 6 (3–16) 8 (3–27) 7 (3–17) 10 (3–28)
HAQ score, median (IQR) (range 0–10) 0.8 (0.3–1.1) 0.5 (0.3–1.1) 0.8 (0.3–1.1) 0.5 (0.4–1.1)
Current methotrexate, % 62 39† 62 42
Current sulfasalazine, % 15 21 15 23
Current hydroxychloroquine, % 7 7 8 4
Current prednisone, % 16 29 16 31
Current biologic agent, % 10 11 11 12
Current NSAIDs, % 59 50 59 50
Current COX-2 inhibitor, % 11 25† 12 27†

* Values are the mean � SD unless otherwise indicated. Continuous variables are presented as means � SDs in case of a normal distribution or as
medians [IQR] in case of a non-normal distribution. Dichotomous variables are presented as the percentage of total cases. ESR � erythrocyte
sedimentation rate; CRP � C-reactive protein; NSAIDs � nonsteroidal antiinflammatory drugs; COX-2 � cyclooxygenase 2. See Table 1 for additional
definitions.
† Significantly different from the non-CVD RA group.
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Alternatively, thresholds for initiating antihypertensive
and lipid-lowering therapy could be lowered when deal-
ing with patients with RA. Unfortunately, this study lacks
the statistical power to ascertain individual multiplication
estimates for male and female patients with RA separately.
Obviously, more research in larger populations is urgently
needed to investigate sex differences and to gauge the
prognostic importance of RA-specific variables, such as
disease duration and disease activity, but also anti–cyclic
citrullinated peptide or RF positivity and the presence of
extraarticular manifestations.

The difficulty of such research is increased by the po-
tentially confounding effects of antirheumatic agents, e.g.,
nonsteroidal antiinflammatory drugs (NSAIDs), cyclooxy-
genase 2 inhibitors, disease-modifying antirheumatic
drugs, and glucocorticoids. Each of these may influence
both disease activity and the risk of CVD (38–40). Espe-
cially, the net effects of glucocorticoids on CVD in RA are
currently impossible to assess due to confounding by in-
dication. Our study was underpowered to accurately as-
sess drug effects. Nevertheless, our patients with RA tak-
ing methotrexate had a significantly lower risk of
developing CVD, which is in line with previous findings
(33). We found no difference in CVD risk for patients
taking NSAIDs, but patients with RA who developed CVD
were significantly more often treated with coxibs. Glu-
cocorticoid use was higher in patients with incident CVD,
but this difference was not statistically significant.

The strengths and limitations of the present study merit
careful consideration. Major advantages of this study are
its longitudinal study design and the additional informa-
tion about both traditional cardiovascular risk factors and
RA-specific variables. As a consequence we, in contrast to
previous studies, were able to adequately adjust for the
presence of traditional cardiovascular risk factors by intro-
ducing them as continuous variables.

However, this study also has some limitations. The
Hoorn study may have included some patients with RA
because we had insufficient data to exclude RA preva-
lence. However, the effect of this is likely to be small, if
any, and would be expected to result in an underestima-
tion of risk associations. Another limitation is that the
Hoorn study was conducted about a decade before the
CARRÉ study. Standards of care have been changed sig-
nificantly over time, as well as the definition of DM and
hypertension, and this may weaken the comparison of
incidence rates of CVD for patients with RA, patients with
DM, and controls. Patients with RA had a better lipid
profile and more often received cardioprotective treat-
ment. Because these differences may have confounded our
overall results, we adjusted for cardioprotective treatment
in our statistical analyses. Nevertheless, these baseline
differences in cholesterol levels and cardioprotective treat-
ment between the 2 cohorts complicate the interpretation
of our results, particularly from the statistical models in-
cluding both the Framingham risk score and cardioprotec-
tive treatment. Additionally, incident CVD has declined
markedly in The Netherlands in the 1990s (41). However,
these limitations are likely to result, if anything, in under-
estimation rather than overestimation of the differences
between patients with RA, patients with DM, and controls.

Finally, we did not use the European SCORE mortality risk
score in this study because most (76%) of the CVD events
in this cohort were nonfatal, and because it does not in-
clude DM as a risk factor. A comparison between Framing-
ham and SCORE should be done in other cohorts.

Taken altogether, this study demonstrated an increased
risk of CVD in RA that equals the risk for CVD in type 2
DM. Traditional cardiovascular risk factors contribute to a
higher CVD risk in patients with RA, but they do not
explain the excess CVD risk, indicating that, on the one
hand, RA should be considered as an independent cardio-
vascular risk factor and, on the other, that preventive strat-
egies targeting traditional risk factors as well as the inflam-
matory burden are needed.
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