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Abstract
To analyze in several immune-mediated inflammatory diseases (IMIDs) the influence of demographic and clinical-related variables on
the prevalence of cardiovascular disease (CVD), and compare their standardized prevalences.
Cross-sectional study, including consecutive patients diagnosed with rheumatoid arthritis, psoriatic arthritis, psoriasis, systemic

lupus erythematosus, Crohn disease, or ulcerative colitis, from rheumatology, gastroenterology, and dermatology tertiary care
outpatient clinics located throughout Spain, between 2007 and 2010. Our main outcome was defined as previous diagnosis of
angina, myocardial infarction, peripheral vascular disease, and/or stroke. Bivariate and multivariate logistic and mixed-effects logistic
regression models were performed for each condition and the overall cohort, respectively. Standardized prevalences (in subjects per
100 patients, with 95% confidence intervals) were calculated using marginal analysis.
We included 9951 patients. For each IMID, traditional cardiovascular risk factors had a different contribution to CVD. Overall, older

age, longer disease duration, presence of traditional cardiovascular risk factors, and male sex were independently associated with a
higher CVD prevalence. After adjusting for demographic and traditional cardiovascular risk factors, systemic lupus erythematosus
exhibited the highest CVD standardized prevalence, followed by rheumatoid arthritis, psoriasis, Crohn disease, psoriatic arthritis, and
ulcerative colitis (4.5 [95% confidence interval (CI): 2.2, 6.8], 1.3 [95% CI: 0.8, 1.8], 0.9 [95% CI: 0.5, 1.2], 0.8 [95% CI: 0.2, 1.3], 0.6
[95% CI: 0.2, 1.0], and 0.5 [95% CI: 0.1, 0.8], respectively).
Systemic lupus erythematosus, rheumatoid arthritis, and psoriasis are associated with higher prevalence of CVD compared with

other IMIDs. Specific prevention programs should be established in subjects affected with these conditions to prevent CVD.
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Abbreviations: CI = confidence interval, CVD = cardiovascular disease, IMIDC = immune-mediated inflammatory disease
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consortium, IMID = immune-mediated inflammatory disease, VIF = variance inflation factor.
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1. Introduction

Cardiovascular diseases (CVDs) include numerous conditions
associated with a high and growing worldwide global burden,
representing the most common cause of death.[1] Atherosclerosis
is the most common cause of CVD, and several factors, both
nonmodifiable (such as genetic factors) and modifiable (including
traditional and nontraditional cardiovascular risk factors), are
involved in its development. Moreover, atherosclerosis is
considered an immune system–mediated process[2]: the accumu-
lation and interplay in the subendothelial region of the arterial
wall of several blood-borne inflammatory and immune cells
(including autoreactive lymphocytes), as well as resident cells,
such as endothelial, smooth muscle and dendritic cells, and other
components of the immune system, such as cytokines, chemo-
kines, and antibodies, results in the formation of atherosclerotic
plaques, leading to a narrowing of the arterial lumen and,
following plaque rupture, to thrombosis.
Considering the underlying mechanisms of this process, it is

not surprising that immune-mediated and inflammatory diseases
(IMIDs), such as rheumatoid arthritis, systemic lupus erythema-
tosus, psoriasis, psoriatic arthritis, and inflammatory bowel
disease, are associated with higher rates of cardiovascular
morbidity and mortality, primarily due to accelerated athero-
sclerosis.[3] Although IMIDs can be associated with a higher
prevalence of well-known cardiovascular risk factors, such as
metabolic syndrome, smoking, type 2 diabetes, and obesity, these
factors do not fully account for the greater prevalence and
incidence of CVDs observed in patients with IMIDs when
compared to that of the general population.[4] Therefore, IMID-
associated factors, such as chronic systemic inflammation,[5] a
predisposing genetic background, or the treatment used in these
conditions, must contribute to the higher cardiovascular risk.
The objective of this study was to analyze the contribution of

different demographic and disease-related variables and tradi-
tional cardiovascular risk factors in the prevalence of CVD in
subjects affected with rheumatoid arthritis, psoriatic arthritis,
psoriasis, systemic lupus erythematosus, or inflammatory bowel
disease. Furthermore, we compared the prevalence of CVD
among these conditions while adjusting for demographic and
traditional cardiovascular risk factors.

2. Patients and methods

2.1. Setting and subjects

The data on patients included in this study were collected
between June 2007 and December 2010 as part of the immune-
mediated inflammatory disease consortium (IMIDC), a network
of Spanish researchers working on the genomic basis of IMIDs[6]

that includes patients diagnosed with rheumatoid arthritis,
psoriatic arthritis, psoriasis, systemic lupus erythematosus,
Crohn disease, and ulcerative colitis. Because the aim of IMIDC
is to uncover the common genomic background of IMIDs, we
included diseases with a known or suspected genetic overlap.[7] In
addition, we selected conditions with a mayor associated burden,
in terms of prevalence, disability, and mortality.[8–10] Subjects
were enrolled after giving informed consent, from rheumatology,
2

gastroenterology, and dermatology outpatient clinics belonging
to tertiary centers and located in several cities throughout Spain
(Fig. S1, http://links.lww.com/MD/B771).
All of the patients with rheumatoid arthritis fulfilled the 1987

American College of Rheumatolgy (ACR) diagnosis criteria,[11]

all psoriatic arthritis patients fulfilled the CASPAR criteria,[12] all
psoriasis patients fulfilled clinical criteria of plaque psoriasis, all
systemic lupus erythematosus patients fulfilled the 1997 ACR
criteria,[13] and all ulcerative colitis and Crohn disease patients
fulfilled the standard Lennard-Jones diagnostic criteria.[14]

At the time of inclusion, demographic and clinical data were
collected and recorded following a standard protocol of
questionnaires, completed after a clinical interview with closed
questions and a review of medical records. Some items on the
questionnaires were common to all diseases (including those
regarding demographic data, traditional cardiovascular risk
factors, and cardiovascular events), whereas other items were
specific for each IMID. In addition, informed consent was
obtained from all participants, and a blood sample was
withdrawn for genomic, proteomic, and metabolomic studies.
Protocols and questionnaires were reviewed and approved by

the local institutional review boards. This study was conducted in
accordance with the Declaration of Helsinki.
2.2. Variables

The dependent variable in our analysis was the presence of CVD,
which was defined as a previous diagnosis (given by any
physician), of at least one of the following: angina, myocardial
infarction, peripheral vascular disease, and/or stroke. To be
classified as a case, all cardiovascular events had to have occurred
after the diagnosis of the IMID, except for psoriasis, in which we
considered as cases those diagnosed with CVD after disease
onset. Subjects diagnosed with CVD before the diagnosis of the
IMID were excluded from the analysis.
The presence or absence of traditional cardiovascular risk

factors (arterial hypertension, type 2 diabetes, obesity, dyslipi-
demia, and history of smoking) was assessed in all the cohorts
(except for the presence of arterial hypertension in psoriatic
arthritis patients; due to an informatics error, that information
was lost when recorded in our Web-based questionnaires). Other
variables common to all cohorts were sex; age at inclusion in the
study; elapsed time from IMID diagnosis (disease onset in the case
of psoriasis) to inclusion in the study (in years); number of
disease-modifying drugs used (categorized in tertiles), such as
methotrexate, antimalarials, leflunomide, sulfasalazine, cyclo-
phosphamide, cyclosporine, and acitretin; and use of biological
therapy (such as anti-Tumor Necrosis Factors, rituximab,
abatacept, efalizumab, and ustekinumab).
In each IMID cohort, several disease-related variables were

also analyzed: in the rheumatoid arthritis patients, the presence of
rheumatoid factor, the presence and levels of anti-citrullinated
peptide antibodies, and previous diagnoses of extra-articular
manifestations (such as subcutaneous nodules, pulmonary
fibrosis [defined as any interstitial lung disease diagnosed
between the diagnosis of the rheumatoid arthritis and the
inclusion in the study], and serositis) were included in the study.
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Table 1

Demographic characteristics and prevalence of cardiovascular disease and traditional cardiovascular risk factors of the patients included
in this study.

Rheumatoid
arthritis
(n=2152)

Psoriatic
arthritis
(n=1147)

Psoriasis
(n=2497)

Systemic lupus
erythematosus
(n=760)

Crohn
disease
(n=1938)

Ulcerous
colitis
(n=1457)

Age at inclusion in the study, (n) median (IQR) (1996) 61 (1113) 52 (2430) 47 (702) 44 (1913) 39 (1436) 47
(52–70) (41–63) (36–59) (35–55) (32–49) (37–58.12)

Women, n (%) 1567 (77.7) 522 (47.3) 1057 (43.5) 671 (93.2) 956 (49.8) 663 (46.0)
Calendar year at IMID diagnosis, (n) median (IQR) (2144) 1998 (1137) 2003 (2482) 1992 (678) 1999 (1314) 1998 (975) 1998

(1991–2004) (1996–2007) (1980–2001) (1993–2004) (1993–2002) (1993–2002)
Elapsed time from IMID diagnosis to

inclusion,
∗
in years, (n) median (IQR)

(2132) 10 (1076) 7 (2480) 17 (675) 10 (1313) 10 (6–15) (975) 10 (7–16)

(5–17) (3–13) (8–29) (6–17)
Secondary or higher education, n (%) 655 (33.7) 449 (44.5) 1278 (54.2) 378 (54.0) 1187 (62.8) 785 (55.5)
Cardiovascular disease, n (%) 91 (4.2) 24 (2.1) 94 (3.8) 24 (3.2) 14 (0.7) 22 (1.5)
Current/past smoker, n (%) 828 (49.5) 533 (59.6) 1.411 (69.7) 369 (62.0) 1.282 (74.6) 727 (62.1)
Arterial hypertension, n (%) 638 (29.7) – 476 (19.1) 178 (23.4) 123 (6.4) 148 (10.2)
Dyslipidemia, n (%) 433 (20.1) 157 (13.7) 436 (17.5) 125 (16.5) 68 (3.5) 127 (8.7)
Type 2 diabetes, n (%) 172 (8.0) 92 (8.0) 203 (8.1) 24 (3.2) 28 (1.4) 55 (3.8)
Obesity, n (%) 366 (19.0) 250 (24.6) 612 (25.8) 102 (15.4) 184 (10.0) 198 (14.3)
Number of disease-modifying drugs, median (IQR) 2 (1–3) 1 (0–2) 0 (0–0) 2 (1–2) 1 (0–1) 0 (0–1)
Patients with biological drugs, n (%) 914 (42.5) 299 (26.1) 493 (19.7) 47 (6.2) 282 (14.3) 70 (4.8)

IMID= immune-mediated inflammatory disease, IQR= interquartile range.
∗
In psoriasis patients, elapsed time from symptoms onset, in years.
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In the psoriatic arthritis cohort, the presence of axial/peripheral
involvement and the severity of the skin disease were included
(using the Psoriasis Area Severity Index). The latter was also
analyzed in the psoriasis patients, as was the presence of
associated arthritis. In systemic lupus erythematosus patients, the
presence of vitiligo, family history of other IMIDs, and different
disease-related variables, such as the presence of severe central
nervous system manifestations, serositis, arthritis, antiphospho-
lipids syndrome, or antiphospholipids antibodies, were included.
In the Crohn disease and ulcerative colitis cohorts, the presence of
extraintestinal manifestations was also assessed.

2.3. Statistical analysis

Continuous variables were described using the median and
interquartile range. Categorical variables were described using
proportions.
Comparison of continuous and categorical demographic and

CVD-related variables among IMIDs was performed using
analysis of variance or x2 test, respectively. Post-hoc comparisons
were adjusted using the Bonferroni correction.
First, we analyzed separately in each IMID cohort the

associationbetween the demographic and clinical-related variables
and CVD using bivariate and multivariate logistic regression
models. Model selection was performed using the Bayesian
information criterion.[15] Multicollinearity was assessed by
calculating the variance inflation factors (VIFs) of the dependent
variables included in the final multivariate regression models.
Second, to assess the association between common demo-

graphic and clinical-related variables and CVD in the overall
IMIDC, we performed bivariate and multivariate mixed-effects
logistic regression models nested by IMID, due to the structure of
our sample, integrated by independent cohorts of patients
affected by different conditions.
Finally, to compare the prevalence of CVD among the different

IMIDs, we performed logistic regression models adjusted for
disease, demographic, traditional cardiovascular risk factors,
and common disease-related variables. From those models, the
3

standardized prevalence of each IMID was calculated using
marginal analysis. Analyses were performed using STATA 12
statistical software (STATA Corp, College Station, TX).
3. Results

We included 9951 patients in the analysis. The demographic
characteristics and the prevalence of CVD and traditional
cardiovascular risk factors are shown in Table 1. Patients with
Crohn disease were the youngest (median age 47), whereas
patients with rheumatoid arthritis were the oldest (median age
61). Similarly, Crohn disease had the highest prevalence of
secondary or higher education (55.5%) and rheumatoid arthritis
had the lowest (33.7%). Systemic lupus erythematosus and
rheumatoid arthritis involved the highest proportion of women
(93.2% and 77.7%, respectively). The psoriasis and psoriatic
arthritis cohorts had the highest prevalence of type 2 diabetes
(8.1% and 8.0%, respectively) and obesity (25.8% and 24.6%,
respectively). The rheumatoid arthritis and systemic lupus
erythematosus cohorts had the highest prevalence of arterial
hypertension (29.7% and 23.4%, respectively). Rheumatoid
arthritis, systemic lupus erythematosus, and psoriasis had the
highest prevalence of dyslipidemia (20.1%, 16.5%, and 17.5%,
respectively). Crohn disease, psoriasis, ulcerous colitis, and
systemic lupus erythematosus had the highest prevalence of
current/past smoking (74.6%, 69.7%, 62.1%, and 62.0%,
respectively). Finally, rheumatoid arthritis patients were treated
with the highest number of disease-modifying drugs (median
number 2) and biological therapy (42.5%). The unadjusted
prevalence of CVD for rheumatoid arthritis, psoriatic arthritis,
psoriasis, systemic lupus erythematosus, Crohn disease, and
ulcerative colitis were 4.2%, 2.1%, 3.8%, 3.2%, 0.7%, and
1.5%, respectively.
Table 2 shows the results from the comparisons among IMIDs

regarding demographic and CVD-related variables. The disease-
specific clinical data from each IMID are shown in S1 Table
(http://links.lww.com/MD/B771).
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3.1. Influence of demographic and clinical variables in
CVD in each IMID

Bivariate (S2 to S6 Tables, http://links.lww.com/MD/B771) and
multivariate (Table 3) logistic regression models were used to
analyze the association between demographic, traditional
cardiovascular risk factors, and disease-specific clinical variables
and CVD in each IMID.
In the best fitting multivariate models, older age at inclusion in

the study was associated with a higher risk of CVD in all cohorts
except for psoriatic arthritis and rheumatoid arthritis. Women
were associated with a lower risk in all conditions except for
Crohn disease. In addition, a longer elapsed time from IMID
diagnosis to inclusion in the study was associated with a higher
cardiovascular risk except for inflammatory bowel disease.
Regarding traditional risk factors, dyslipidemia was associated
with a higher risk of CVD in psoriatic arthritis, psoriasis, and
ulcerative colitis; arterial hypertension in inflammatory bowel
disease, rheumatoid arthritis, and psoriasis; type 2 diabetes in
psoriatic arthritis and psoriasis; and current/past smoking in
rheumatoid arthritis. With regard to the disease-specific
variables, in psoriatic arthritis, axial involvement was associated
with lower cardiovascular risk; in rheumatoid arthritis, the
presence of pulmonary fibrosis, pericarditis, and high antici-
trullinated peptide antibodies levels were associated with higher
risk; in systemic lupus erythematosus, family history of
autoimmune thyroiditis and the presence of antiphospholipid
syndrome, anti-Sm antibodies, serositis, vitiligo, and seizures
were associated with higher risk; and in psoriasis, the presence of
arthritis was also associated with higher risk of CVD. With
regard to treatment, neither the use of a greater number of
disease-modifying drugs nor the use of biological therapies was
associated with CVD in any cohort. No significant multi-
collinearity was observed among the variables introduced in the
final models (mean VIFs 1.15, 1.07, 1.17, 1.04, 1.12, and 1.10,
for rheumatoid arthritis, psoriatic arthritis, psoriasis, systemic
lupus erythematosus, Crohn disease, and ulcerative colitis,
respectively).

3.2. Influence of the demographic and clinical-related
variables in CVD risk on the overall IMIDC, and
standardized prevalence of CVD

Next, we studied the cardiovascular risk of the variables collected
in all the cohorts in the entire IMIDC (S7 Table, http://links.lww.
com/MD/B771). We observed that male sex, older age at
inclusion in the study, longer elapsed time from IMID diagnosis
to the inclusion in the study, and the presence of traditional
cardiovascular risk factors were independently associated with a
higher risk of CVD. Although in the bivariate analysis, higher
education and current/past smoking were significantly associated
with lower and higher risk of CVD, respectively, in the
multivariate analysis, no significant association was observed.
Finally, we compared the risk of CVD among the different

IMIDs, adjusting for the demographic and common clinical
variables (Table 4). We observed that before adjustment and
using rheumatoid arthritis as the reference IMID for comparison,
psoriasis and systemic lupus erythematosus had a lower,
although not significantly lower risk of CVD, whereas
inflammatory bowel disease and psoriatic arthritis had a
significantly lower risk. After adjustment for demographic
variables, psoriasis continued to have a lower although not
significant risk of CVD, whereas systemic lupus erythematosus
exhibited a significantly higher risk of CVD. Inflammatory bowel
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Table 4

Bivariate andmultivariate logistic regressionmodels to compare the risk of cardiovascular disease among the different immune-mediated
inflammatory diseases.

Variables OR (95% CI) P OR (95% CI)
∗

P
∗

OR (95% CI)† P†

Psoriasis vs rheumatoid arthritis 0.89 (0.66–1.19) .42 0.78 (0.54–1.13) .19 0.67 (0.42–1.05) .078
Systemic lupus erythematosus vs rheumatoid arthritis 0.74 (0.47–1.17) .19 2.99 (1.79–4.99) <.001 3.64 (1.93–6.85) <.001
Psoriatic arthritis vs rheumatoid arthritis 0.48 (0.31–0.76) .002 0.50 (0.30–0.84) .009 0.46 (0.23–0.92) .028
Ulcerative colitis vs rheumatoid arthritis 0.35 (0.22–0.56) <.001 0.43 (0.25–0.76) .004 0.35 (0.16–0.75) .007
Crohn disease vs rheumatoid arthritis 0.16 (0.09–0.29) <.001 0.45 (0.24–0.83) .011 0.50 (0.23–1.09) .083
Women 0.38 (0.29–0.49) <.001 0.25 (0.19–0.35) <.001 0.30 (0.20–0.45) <.001
Age at inclusion in the study 1.07 (1.06–1.08) <.001 1.07 (1.06–1.08) <.001 1.07 (1.05–1.08) <.001
Elapsed time from IMID diagnosis to inclusion 1.04 (1.03–1.05) <.001 1.03 (1.02–1.04) <.001 1.03 (1.02–1.04) <.001
Current/past smoker 1.34 (1.004–1.79) .047 – – 1.47 (0.99–2.19) .059
Dyslipidemia 6.02 (4.70–7.71) <.001 – – 3.35 (2.43–4.61) <.001
Type 2 diabetes 5.61 (4.18–7.53) <.001 – – 2.20 (1.50–3.23) <.001
Obesity 1.94 (1.47–2.57) <.001 – – 1.58 (1.13–2.22) .008
Secondary or higher vs primary/none education 0.37 (0.28–0.49) – – 0.83 (0.58–1.18) .302
7)Number of disease-modifying drugs (tertiles)
2nd vs 1st 1.00 (0.68–1.45) .98 – – 0.80 (0.47–1.37) .41
3rd vs 1st 0.84 (0.63–1.11) .21 – – 1.17 (0.79–1.72) .43

Biological therapy 1.07 (0.80–1.44) .64 – – 1.13 (0.76–1.69) .54

CI= confidence interval, IMID= immune-mediated inflammatory disease, OR= odds ratio.
∗
Model adjusted for demographic variables.

†Model adjusted for demographic variables, traditional cardiovascular (CV) risk factors and educational level.

Figure 1. Adjusted prevalence of cardiovascular disease, with 95%
confidence intervals, for each immune-mediated inflammatory disease.
CD=Crohn disease, CI=confidence interval, Ps=psoriasis, PsA=psoriatic
arthritis, RA= rheumatoid arthritis, SLE=systemic lupus erythematosus, UC=
ulcerous colitis.
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disease and psoriatic arthritis both had a significantly lower risk.
Similar results were observed after adjusting for demographic
variables, traditional cardiovascular risk factors, and educational
level, except for Crohn disease, which showed a nonsignificantly
lower risk of CVD.When systemic lupus erythematosus was used
as the reference comparison, all IMIDs showed a significantly
lower CVD risk. The standardized prevalence and 95%
confidence interval (95% CI) for systemic lupus erythematosus,
rheumatoid arthritis, psoriasis, Crohn disease, psoriatic arthritis,
and ulcerative colitis were 4.5 (95% CI: 2.2, 6.8), 1.3 (95% CI:
0.8, 1.8), 0.9 (95%CI: 0.5, 1.2), 0.8 (95%CI: 0.2, 1.3), 0.6 (95%
CI: 0.2, 1.0), and 0.5 (95% CI: 0.1, 0.8), respectively (Fig. 1).

4. Discussion

In this study, we have analyzed, in 6 different IMIDs including
almost 10,000 patients, the association of several demographic
and clinical-related variables in the CVD risk. To our knowledge,
this is the first time such an analysis has been conducted in
patients affected by rheumatoid arthritis, psoriasis, psoriatic
arthritis, systemic lupus erythematosus, ulcerative colitis, or
Crohn disease, recruited in the same time frame, with similar
follow-up times, using the same inclusion/exclusion criteria, with
data collected using the same protocols and questionnaires. This
particular setting allowed us to compare the CVD risk among
different conditions and to perform a pooled analysis to identify
common risk factors.

4.1. Risk factors of CVD in IMIDs

The analysis of CVD risk factors in different IMIDs was
conducted in several previous studies (S Discussion and
References, http://links.lww.com/MD/B771). With regard to
rheumatoid arthritis,[16–19] psoriatic arthritis,[20–22] psoria-
sis,[20,23] systemic lupus erythematosus,[24–26] and inflammatory
bowel disease[27,28] similar findings were observed in our cohort.
However, some differences have also been observed: in psoriasis
and psoriatic arthritis, the severity of the skin disease was
previously associated with CVD,[21,23] but no significant
6

association was observed in our cohorts. Different definitions
of severity were used, which may explain the different findings. In
addition, in our psoriasis cohort, no association between younger
age at disease onset and CVD was observed.[23]

In systemic lupus erythematosus, we described for the first time
2 new independent associations of CVD with vitiligo (which in
turn has been associated with a lower prevalence of abdominal
obesity and dyslipidemia)[29] and with a family history of
autoimmune thyroiditis (which in turn has been associated with a
higher risk of stroke).[30] In addition, comparing with a Spanish
systemic lupus erythematosus registry,[31] we observed a lower
prevalence of CVD and a lack of influence of traditional
cardiovascular risk factors. However, surrogate markers of
disease severity were independent risk factors in both studies. The
fact that our patients came from systemic lupus erythematosus
specialized units with a tighter management of both disease and
CVD risk factors might explain these differences.

http://links.lww.com/MD/B771
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Finally, regarding inflammatory bowel disease, shorter disease
duration was previously described as a risk factor for CVD in
Crohn disease patients.[32] However, in our cohort, this influence
was not observed.
4.2. Comparison of CVD risk among IMIDs

Several studies have compared the risk of CVD among different
IMIDs, although none of them included the 6 we analyzed. Zöller
et al[30] studied the risk of ischemic and hemorrhagic stroke in 32
different IMIDs (including psoriasis, rheumatoid arthritis,
ulcerative colitis, Crohn disease, and systemic lupus erythema-
tosus) using data from the entire Swedish population. An overall
higher risk was observed for these 5 conditions compared with
the general population, and although no direct comparisons were
performed, systemic lupus erythematosus exhibited a higher
standardized incidence rate, followed by rheumatoid arthritis and
Crohn disease or psoriasis. Ulcerative colitis patients had the
lowest risk for both ischemic and hemorrhagic stroke. In our
study, although our dependent variable included all cardiovas-
cular events, similar results were observed.
Regarding psoriasis and psoriatic arthritis, the latter was

associated with a higher cardiovascular risk, regardless of
whether the psoriatic arthritis patients were selected among
those with psoriasis[20] or the psoriatic arthritis and psoriasis
patients were selected separately in population-based studies.[23]

When considering only our psoriasis cohort, similar results were
observed: the presence of arthritis was independently associated
with a higher risk of CVD. However, when we compared the
psoriasis and the psoriatic arthritis cohorts, we observed the
opposite result: a lower risk of CVD, albeit not significant, among
the psoriatic arthritis cohort. To address this discrepancy, we
compared the subjects from the psoriasis cohort with psoriatic
arthritis, without psoriatic arthritis, and the patients from the
psoriatic arthritis cohort (S8 and S9 Tables, http://links.lww.com/
MD/B771). In general, patients from the psoriasis cohort had a
higher prevalence of traditional cardiovascular risk factors and
higher skin disease severity, which could explain their higher
prevalence of CVD. Taking into account that the patients from
the psoriasis cohort were recruited from tertiary care outpatient
clinics, it is likely that we selected patients with a more severe
disease.
Few studies compared the risk of CVD between rheumatoid

arthritis and psoriatic arthritis, observing a lower, although not
significant, cardiovascular risk among the latter, regardless of
whether the patients from both conditions were enrolled from
different[22] or similar[33] settings. In our study, psoriatic arthritis
patients had a significantly lower cardiovascular risk before and
after adjusting for demographic and traditional risk factors. This
observation may be related to the characteristics of the psoriatic
arthritis cohort. A recent population-based study performed by
Ogdie et al[34] showed that rheumatoid arthritis and psoriasis had
similar standardized CVD hazard ratios, which were higher than
that of psoriatic arthritis (although no direct comparison was
performed).
Rheumatoid arthritis has also been compared with systemic

lupus erythematosus. The latter was associated with a higher rate
(compared with the general population) of first-time acute
myocardial infarction than rheumatoid arthritis (although no
direct comparison was performed).[35] In our sample, although
rheumatoid arthritis showed a higher CVD prevalence in the
bivariate analysis, after adjusting for age and sex, systemic lupus
erythematosus showed a higher risk of CVD.
7

Regarding inflammatory bowel disease, similar normalized
rates of ischemic heart disease and higher normalized rates of
stroke were described in Crohn disease compared with ulcerative
colitis, although no direct comparisons were performed.[27] In
our sample, considering all CVDs, no significant differences were
observed, although Crohn disease was associated with a higher
standardized prevalence of CVD.
4.3. Limitations

There are several limitations to our study. First, because the study
is cross-sectional, the directionality of the associations could not
be determined. In addition, the presence of CVD, traditional
cardiovascular risk factors, and disease-related variables was
based either on the previous existence of a diagnosis of such
conditions or manifestations, or on the indication by the patient
of their existence during the clinical interview. We did not
perform any complementary tests; therefore, the prevalence may
be underestimated, especially for arterial hypertension, dyslipi-
demia, and type 2 diabetes.
Patients were recruited from rheumatology (rheumatoid

arthritis, systemic lupus erythematosus, and psoriatic arthritis),
dermatology (psoriasis), and gastroenterology (ulcerative colitis
and Crohn disease) tertiary care outpatient clinics. Therefore, for
some IMIDs, especially psoriasis, the generalization of our results
to the whole population must be undertaken with caution
because it is likely that only patients with a more severe disease
were included. Moreover, patients were consecutively recruited,
favoring the inclusion of subjects with a more severe disease, who
tend to seek caremore frequently. Because patients were recruited
from practices throughout the country, these cohorts may be
representative of the subpopulation of patients affected with
severe disease in Spain.
No replication cohorts were included in this study, and

therefore the newly described risk factors (such as vitiligo or a
familiar history of autoimmune thyroiditis) need to be assessed in
other cohorts.
This analysis was also limited by the inclusion of living

patients, that is to say, subjects who survived long enough to be
included in this study. Therefore, our sample may be biased
toward patients with milder CVD and IMID. Moreover, the
variables identified as associated with CVD may be predictors of
survival following a CVD event rather than its occurrence. These
conditions are important to consider when generalizing our
results.
No direct disease activity measure, either at diagnosis or

encompassing the whole disease duration, was available.
However, treatment with disease-modifying drugs and biological
therapy was used as a surrogate marker. Unfortunately, we
lacked data regarding corticosteroid use throughout the disease.
Finally, there has been a delay between the inclusion of patients

in this study and the presentation of the data used in this article. It
is important to consider that due to the large amount of patients
and centers that participated, it is expected logistic difficulties in
the collection, ensemble, and quality control of the data that defer
its use and dissemination.
5. Conclusions

We reported a direct comparison of CVD and cardiovascular risk
factors prevalence among 6 IMIDs. We observed that different
sets of demographic and clinical-related variables contribute to
the risk of CVD in the different conditions studied. Furthermore,
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we compared the standardized CVD prevalence among those
diseases, observing that systemic lupus erythematosus exhibited
the highest prevalence, followed by rheumatoid arthritis and
psoriasis. Our evidence provides a compelling argument to
prioritize the institution of specific prevention programs in
subjects affected with systemic lupus erythematosus, rheumatoid
arthritis, and psoriasis to reduce the burden of CVD associated
with these conditions.
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Complejo Hospitalario Universitario A Coruña, INIBIC, A
Coruña, Spain), Ricardo Blanco (Hospital UniversitarioMarqués
de Valdecilla and Facultad de Medicina. Universidad de
Cantabria, Santander, Spain), Ana Gutiérrez Casbas (Gastroen-
terology Department, Hospital General Universitario de Ali-
cante, Alicante, and CIBERehd, Instituto de Salud Carlos III,
Madrid, Spain), Emilia Fernández (Hospital Universitario de
Salamanca, Salamanca, Spain), Raimon Sanmartí (Hospital
Clínic de Barcelona and IDIBAPS, Barcelona, Spain), Jordi
Gratacós (Hospital Parc Taulí, Sabadell, Spain), Víctor Martínez
Taboada (Hospital Universitario Marqués de Valdecilla and
Facultad de Medicina. Universidad de Cantabria, Santander,
Spain), Fernando Gomollón (Hospital Clínico Universitario,
Zaragoza, and CIBERehd, Instituto de Salud Carlos III, Madrid,
Spain), Esteban Daudén (Hospital Universitario de la Princesa
and IIS-IP, Madrid, Spain), Joan Maymó (Hospital del Mar,
Barcelona, Spain), Rubén Queiró (Hospital Universitario Central
de Asturias, Asturias, Spain), Francisco Javier Lopez Longo
(Hospital General Universitario Gregorio Marañón, Madrid,
Spain), Esther García-Planella (Hospital de la Santa Creu i Sant
Pau, Barcelona, Spain), Jose Luís Sánchez Carazo (Consorcio
Hospital General Universitario de Valencia, Spain), Mercedes
Alperi-López (Hospital Universitario Central de Asturias,
Asturias, Spain), Carlos Montilla (Hospital Universitario de
Salamanca, Salamanca, Spain), José Javier Pérez-Venegas
(Hospital de Jerez de la Frontera, Cádiz, Spain), Juan LMendoza
(Gastroenterology Department, Hospital Clínico San Carlos,
IDISSC, Madrid, Spain), José Luís López Estebaranz (Hospital
Universitario Fundación Alcorcón, Madrid, Spain), Àlex Olivé
(Hospital Universitari Germans Trias i Pujol, Badalona, Spain),
Juan Carlos Torre-Alonso (Hospital Monte Naranco, Oviedo,
Spain), Manuel Barreiro-de Acosta (Hospital Clínico Universi-
tario, Santiago de Compostela, Spain), David Moreno Ramírez
(Hospital Virgen de la Macarena, Sevilla, Spain), Héctor
Coromines (Hospital Moisès Broggi, Barcelona, Spain), Santiago
Muñoz-Fernández (Hospital Universitario Infanta Sofía,Madrid,
Spain), José Luis Andreu (Hospital Universitario Puerta de
Hierro, Madrid, Spain), Fernando Muñoz (Complejo Hospital-
ario de León, León, Spain), Pablo de la Cueva (Department of
Dermatology, Hospital Universitario Infanta Leonor, Madrid,
Spain), Alba Erra (Hospital Sant Rafael, Barcelona, Spain),
Carlos M González (Hospital General Universitario Gregorio
Marañón, Madrid, Spain), María Ángeles Aguirre-Zamorano
(Hospital Universitario Reina Sofía, Instituto Maimónides de
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Investigación Biomédica de Córdoba (IMIBIC), Universidad de
Córdoba, Córdoba, Spain), Maribel Vera (Hospital Universitario
Puerta de Hierro, Madrid, Spain), Francisco Vanaclocha
(Hospital Universitario Doce de Octubre, Madrid, Spain), Daniel
Roig (Hospital Moisès Broggi, Barcelona, Spain), Paloma Vela
(Rheumatology Department, Hospital General Universitario de
Alicante, Alicante, Spain), Cristina Saro (Hospital de Cabueñes,
Gijón, Spain), Enrique Herrera (Hospital Virgen de la Victoria,
Málaga, Spain), Pedro Zarco (Hospital Universitario Fundación
Alcorcón, Madrid, Spain), Joan M. Nolla (Hospital Universitari
de Bellvitge, Barcelona, Spain), Maria Esteve (Hospital Uni-
versitari M�utua de Terrassa, Barcelona, and CIBERehd, Instituto
de Salud Carlos III, Madrid, Spain), José Luis Marenco de la
Fuente (Hospital del Valme, Sevilla, Spain), M. Jesus Garcia
Villanueva (Hospital Universitario Ramón y Cajal, Madrid,
Spain), José María Pego-Reigosa (Hospital do Meixoeiro, Vigo,
and Grupo IRIDIS, IBI (Instituto de Investigación Biomédica de
Vigo, Pontevedra y Orense), Spain), Laia Codó (LifeSciences,
Barcelona Supercomputing Centre, National Institute of Bioin-
formatics, Barcelona, Spain), Josep Lluís Gelpí (LifeSciences,
Barcelona Supercomputing Centre, National Institute of Bioin-
formatics, Barcelona, Spain), Andrés C. García-Montero (Banco
Nacional de ADN Carlos III, University of Salamanca,
Salamanca, Spain), Adrià Aterrido (Rheumatology Research
Group, Vall d’Hebron Hospital Research Institute, Barcelona,
Spain), María López-Lasanta (Rheumatology Research Group,
Vall d’Hebron Hospital Research Institute, Barcelona, Spain),
Arnald Alonso (Rheumatology Research Group, Vall d’Hebron
Hospital Research Institute, Barcelona, Spain), Raül Tortosa
(Rheumatology Research Group, Vall d’Hebron Hospital
Research Institute, Barcelona, Spain).
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