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Introduction
Psoriasis is an immune-mediated skin disease 
affecting 2–3% of the population [Gelfand et  al. 
2005]. Psoriatic arthritis (PsA) is an inflammatory 
arthritis that affects 14–30% of people with psoria-
sis, and can lead to significant joint damage and 
disability [Gladman et  al. 2005; Ibrahim et  al. 
2009]. Psoriatic disease is associated with other 
comorbidities such as depression, obesity, diabetes 
mellitus and inflammatory bowel disease [Ogdie 
et  al. 2014a]. Recent literature highlighted the 
increased cardiovascular risk in patients with psori-
atic disease [Miller et al. 2013a; Samarasekera et al. 
2013; Hugh et al. 2014].

In this manuscript we review recent literature 
regarding cardiovascular morbidity of psoriasis 
and PsA, including data about potential patho-
physiologic mechanisms linking psoriatic disease 
and atherosclerosis, the epidemiology of cardio-
vascular events, the association of cardiovascular 
morbidity and the extent of systemic inflamma-
tion, the effect of different classes of disease modi-
fying antirheumatic medications on cardiovascular 
risk and the recommendations for management of 
cardiovascular risk in patients with psoriatic dis-
ease. This review comprised studies that assessed 
predictors for clinical outcomes, such as myocar-
dial infarction and stroke, but also included 

studies that used intermediate outcomes, such as 
imaging of atherosclerosis, due to their strong pre-
dictive value of cardiovascular events.

Pathophysiologic mechanisms linking 
atherosclerosis, psoriatic disease and 
inflammation
Atherosclerosis, the underlying process resulting in 
cardiovascular events, reflects the development of 
atheromatous plaques in the inner layer of the 
arteries. It is now widely accepted that atherogen-
esis is caused by chronic low-grade inflammation 
that results from an interaction between immune 
mechanisms and metabolic abnormalities within 
the vessel wall [Hansson, 2005; Weber and Noels, 
2011]. The initial phase involves a qualitative 
change in the inner lining of the arteries, the 
endothelial cells. This change includes the expres-
sion of adhesion molecules by endothelial cells 
leading to capture of leukocytes on the surface and 
their translocation from the blood through the 
endothelial layer into the intima, the innermost 
layer of the vessel wall. This process can occur due 
to irritative stimuli, such as lipid abnormalities or 
systemic inflammation, as in psoriatic disease 
[Gonzalez-Juanatey et al. 2007; Tabas et al. 2007]. 
Several studies have found that the prevalence of 
endothelial dysfunction, as measured by functional 
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ultrasound studies of the brachial artery (e.g. flow-
mediated dilation), is increased in patients with 
psoriasis and PsA [Sharma et  al. 2014; Yilmazer 
et al. 2015]. Interleukin 17 (IL-17), a key cytokine 
that drives psoriatic disease, has been linked with 
reactive oxygen species formation and with 
endothelial dysfunction in a mouse model of psori-
asis-like skin disease, providing a potential link 
between psoriatic disease and the initial phases of 
atherogenesis [Karbach et al. 2014].

Cholesterol plays a key role in atherogenesis. 
Alteration in endothelial cell permeability and 
extracellular matrix beneath that layer result in 
translocation and retention of lipid particles in 
the vessel wall [Kwon et al. 2008]. These parti-
cles undergo modifications that induce the 
expression of adhesion molecules on endothelial 
cells. Additionally, these modified lipid particles 
undergo phagocytosis by macrophages, leading 
to accumulation of cholesterol within the cells 
and formation of foam cells [Jonasson et  al. 
1986]. Cholesterol crystals can then trigger pro-
inflammatory response through caspase-1-acti-
vating NACHT, LRR and PYD domains- 
containing protein 3 (NLRP3) inflammasome 
[Hansson and Klareskog, 2011]. Patients with 
psoriatic disease have a higher tendency to 
develop dyslipidemia, with higher triglyceride 
levels and lower high-density lipoprotein (HDL) 
levels [Ma et al. 2013]. Furthermore, HDL func-
tion is impaired in these patients, leading to 
increased production of oxidized lipid particles 
and proinflammatory milieu within the vessel 
wall [Mehta et  al. 2012b]. HDL function is 
improved by effective psoriasis therapy, which 
provides another potential link between psoriasis 
and atherogenesis [Holzer et al. 2014].

Foam cells are involved in the formation and pro-
gression of the atherosclerotic plaques through the 
production of proinflammatory cytokines, such as 
tumor necrosis factor α (TNFa) and IL-1β. Foam 
cells and other antigen-presenting cells can present 
internalized autoantigens, such as oxidized low-
density lipoprotein and heat shock proteins, on 
human leukocyte antigen (HLA) molecules to the 
innate immune system, resulting in a chronic low-
grade inflammatory response [Moore and Tabas, 
2011]. Interestingly, our group found that HLA 
genes that are associated with early and severe pso-
riasis are also associated with higher burden of ath-
erosclerostic plaques [Eder et al. 2014a]. However, 
it is unclear whether these HLA molecules play a 
direct role in atherogenesis in these patients.

In summary, the interaction between metabolic 
abnormalities and systemic proinflammatory 
mechanisms operating in the pathogenesis of pso-
riatic disease may explain the accelerated athero-
sclerotic process in these patients. Patients with 
psoriatic disease display abnormalities in the 
innate and adaptive immune system that result in 
high serum levels of proinflammatory cytokines 
that may upregulate cell-mediated immunity, pro-
mote inflammatory cell migration through the 
vascular endothelium, resulting in endothelial 
dysfunction and thus leading to plaque formation 
[Nestle et  al. 2009; Shlyankevich et  al. 2014]. 
‘Psoriatic march’ was a term coined by Boehncke 
and colleagues to describe the evolution of ather-
osclerosis in psoriatic disease [Boehncke et  al. 
2011]. It suggests that the chronic systemic 
inflammation, that is part of severe psoriasis and 
PsA, leads to insulin resistance, resulting in 
endothelial dysfunction and atherosclerosis. 
Overall, the mechanisms underlying the associa-
tion between psoriatic disease and cardiovascular 
morbidity remain poorly understood. However, it 
appears that inflammation, which plays a key role 
in atherosclerosis and psoriatic disease, links the 
two conditions.

Cardiovascular risk in patients with 
psoriatic disease
Both psoriasis and PsA, similar to other systemic 
inflammatory conditions, were linked to an 
increased risk of developing cardiovascular dis-
eases [Husted et al. 2011]. A recent meta-analysis 
of 75 observational studies found that psoriasis is 
associated with a relative risk (RR) of 1.4 [95% 
confidence interval (CI) 1.2–1.7] for cardiovascu-
lar disease in total, a RR of 1.5 (95% CI 1.2–1.9) 
for ischemic heart disease, including myocardial 
infarction (MI), angina or coronary artery dis-
ease, and a RR of 1.5 (95% CI 1.2–1.8) for 
peripheral artery disease [Miller et  al. 2013]. 
Although there is less about cardiovascular risk in 
PsA compared with that in psoriasis, several stud-
ies showed a similar trend [Han et  al. 2006; 
Gladman et al. 2009]. Recent publications used 
information from administrative databases for 
estimating the rate of the cardiovascular events in 
patients with PsA compared with the general pop-
ulation. Ogdie and colleagues used the Health 
Improvement Network (THIN) database from 
the UK to estimate the rate of major cardiovascu-
lar events (MACEs) in patients with PsA, psoria-
sis and rheumatoid arthritis (RA). They reported 
that the risk of developing MACEs was higher in 
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patients who were not using disease modifying 
anti rheumatic drugs (DMARDs) (age- and sex-
adjusted RR 1.33; 95% CI 1.13–1.58). However, 
no difference was found in the risk for patients 
who were using DMARDs. The risk of MI 
(adjusted RR 1.43) and stroke (adjusted RR 1.36) 
were also higher in patients with PsA who were 
not using DMARDs. In addition, the RR for 
developing MACE in patients with PsA not using 
DMARDs was similar to that reported for patients 
with psoriasis and RA [Ogdie et al. 2014]. In line 
with these results, Ahlehoff and colleagues used 
the Danish National Patient Register to assess 
cardiovascular morbidity in patients with psoria-
sis and PsA. They found that the risk of develop-
ing MACEs in patients with PsA was higher than 
in the general population (RR 1.84, 95% CI 
1.11–3.06) and was similar to the risk in patients 
with severe psoriasis [Ahlehoff et al. 2011]. A dif-
ferent study design that utilized the National 
Health Insurance (NHI) database from Taiwan 
assessed cardiovascular risk of patients with PsA 
in a cohort of patients with psoriasis. The authors 
reported an adjusted RR of 1.82 (95% CI 1.17–
2.82) for developing a cerebrovascular or cardio-
vascular event in patients with PsA compared 
with the reference population of patients with 
psoriasis alone [Chin et  al. 2013]. Overall, 
although more information from population-
based sources is needed, it appears that patients 
with PsA are at increased risk of developing car-
diovascular events compared with the general 
population and with a similar magnitude to the 
risk of patients with severe psoriasis.

Increased prevalence of cardiovascular risk 
factors in patients with PsA
The increased cardiovascular morbidity in psori-
atic disease may be partially attributed to the high 
prevalence of metabolic abnormalities, such as 
impaired glucose tolerance and atherogenic lipid 
profile in these patients [Zhu et  al. 2012; Miller 
et  al. 2013]. Obesity may link these metabolic 
abnormalities and psoriatic disease. Patients with 
PsA and psoriasis tend to be heavier than unaf-
fected individuals and patients with RA [Bhole 
et al. 2012]. Obesity predicts the development of 
PsA in the general population and among patients 
with psoriasis alone [Love et al. 2012]. Obesity has 
also been found to predict worse outcome and 
poor response to treatment in patients with psoria-
sis and PsA [Eder et al. 2014]. As expected, the 
prevalence of obesity-related metabolic abnormal-
ities in PsA reflects the high prevalence of obesity 

in these patients. The prevalence of diabetes in 
patients with PsA is higher than that in the general 
population. Dubreuil and colleagues recently esti-
mated that the risk of developing diabetes was 
72% higher in patients with PsA compared with 
age- and sex- matched unaffected individuals 
[Dubreuil et al. 2014]. This risk was much higher 
than that in patients with RA (12% increase) and 
was explained mostly by obesity and lifestyle hab-
its. Similarly, the prevalence of hypertension was 
found to be increased in patients with PsA with a 
standardized prevalence ratio of 1.9 (95% CI 
1.59–2.27) compared with the general population 
[Gladman et  al. 2009]. The prevalence of meta-
bolic syndrome and other metabolic abnormalities 
tends to be higher in patients with PsA than in 
patients with psoriasis alone [Eder et  al. 2013b; 
Lin et  al. 2014]. These findings may reflect the 
effect of medications (such as nonsteroidal anti-
inflammatory drugs), reduced physical activity 
due to affected joints and the higher burden of 
inflammation as a result of the combined effect of 
arthritis and skin psoriasis. These findings high-
light the contribution of these metabolic abnor-
malities to cardiovascular morbidity in patients 
with PsA and raise the question of whether the 
entire cardiovascular risk is explained by the high 
occurrence of metabolic abnormalities in these 
patients and whether PsA could be considered an 
independent risk factor for cardiovascular events.

The association between disease activity 
and cardiovascular disease
To address the above question we reviewed stud-
ies that assessed hard clinical outcomes, such as 
MI and stroke, as well as studies that assessed 
intermediate outcomes, such as subclinical ath-
erosclerosis using various vascular imaging 
modalities. The RR for developing MACEs after 
adjusting for traditional cardiovascular risk fac-
tors in patients with PsA compared with the gen-
eral population varies widely from 1.17 to 3.47, 
with several estimates not being statistically sig-
nificant [Ahlehoff et al. 2011; Li et al. 2012; Ogdie 
et al. 2014]. The wide variation in estimates may 
be explained by different methods of case ascer-
tainment, variation in disease severity and differ-
ent populations. Population-based studies in 
general do not allow a comprehensive assessment 
of the association between disease-related varia-
bles such as disease activity, markers of inflamma-
tion and medication use and cardiovascular risk. 
Hospital-based cohorts that collect detailed infor-
mation about the course of disease allow a more 
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accurate assessment of the association between 
disease activity and cardiovascular risk in PsA. 
Our group recently investigated predictors for 
cardiovascular events in 1090 patients with PsA 
who were followed over the course of 35 years. As 
expected, traditional cardiovascular risk factors 
contributed significantly to the risk of developing 
these outcomes. However, disease-related out-
comes including the number of dactylitic digits 
(RR 1.15), erythrocyte sedimentation rate (ESR) 
(RR 2.94), leukocyte count (RR 1.94) and clini-
cally damaged joint count (>20 versus none, RR 
2.27) predicted the development of cardiovascu-
lar events even after controlling for traditional 
cardiovascular risk factors [Eder et al. 2014].

Use of surrogate markers for cardiovascular 
outcomes
Assessing clinical endpoints, such as MI or stroke, 
in prospective cohort studies requires following a 
large sample of patients for considerable periods 
of time. These limitations prompted the use of 
surrogate endpoints, such as imaging of athero-
sclerosis, in which early changes due to disease 
activity or therapy become apparent many years 
before the occurrence of the clinical event 
[Agewall et al. 2012]. Most studies assessing the 
extent of atherosclerosis in PsA used ultrasound 
of the carotid arteries to measure the intima 
media thickness (IMT) and atherosclerotic 
plaques. A few studies found a cross-sectional 
association between measures of disease activity 
and the extent of atherosclerosis, including leuko-
cyte count, patient global assessment, ESR and 
spinal involvement [Kimhi et al. 2007; Tam et al. 
2008]. In line with these results, systemic inflam-
mation, as assessed by ESR and C-reactive pro-
tein (CRP) correlated significantly with 
endothelial dysfunction, as measured by flow-
mediated endothelial-dependent vasodilatation in 
the brachial artery in patients with PsA [Gonzalez-
Juanatey et  al. 2007]. Rose and colleagues used 
fluorodeoxyglucose Positron emission tomogra-
phy -computed tomography (FDG-PET/CT) to 
assess vascular inflammation in 65 patients with 
psoriatic disease [Rose et al. 2014]. They found 
that sacroiliitis was associated with an increased 
vascular inflammation after adjusting for tradi-
tional cardiovascular risk factors and PsA. Cross-
sectional studies have a limited ability to estimate 
the extent of inflammation as a result of disease 
activity over time. We recently assessed the asso-
ciation between disease-related outcomes that 
were measured over the course of the disease and 

the burden of atherosclerosis as assessed by total 
plaque area in the carotid arteries in 235 patients 
with PsA. Adjusted mean levels of ESR [odds ratio 
(OR) 1.41], leukocyte count (OR 1.21) and 
Disease Activity in PsA score (OR 1.40) were 
associated with more severe atherosclerosis, 
although that association was attenuated after 
adjusting for traditional cardiovascular risk factors 
[Eder et  al. 2014]. No association was observed 
between the duration of psoriatic disease and the 
extent of atherosclerosis. Overall, despite the lim-
ited data compared with other conditions such as 
RA and psoriasis, there is evidence to support a 
dose–response effect between the extent of disease 
activity and cardiovascular risk. This association is 
independent of traditional cardiovascular risk fac-
tors and supports the notion that PsA, particularly 
patients with more severe forms of the disease, are 
at increased cardiovascular risk that is independ-
ent of traditional cardiovascular risk factors.

The effect of medications on cardiovascular 
outcomes
The suppression of inflammation by immune-
modulating agents represents a promising new 
target for the management of cardiovascular dis-
eases in the general population and among patients 
with chronic inflammatory conditions [Ridker, 
2013a]. Two ongoing clinical trials (The 
Cardiovascular Inflammation Reduction Trial 
(CIRT) and The Canakinumab Anti-inflammatory 
Thrombosis Outcomes Study (CANTOS)) assess 
the efficacy of two immune-modulating agents, 
methotrexate and IL-1β blockers, in the preven-
tion of major cardiovascular events among high-
risk individuals who do not have arthritis or 
psoriasis [Ridker, 2013]. The effect of DMARDs 
and biologics on cardiovascular outcomes in pso-
riatic disease was assessed only in observational 
studies, as the sample size and duration required 
to investigate their effect in clinical trials are con-
siderable. Overall, most studies suggested that the 
use of methotrexate and TNFα blockers may con-
fer a protective effect from cardiovascular events. 
Methotrexate has been consistently associated 
with a reduced cardiovascular risk in patients with 
RA [Choi et  al. 2002; Westlake et  al. 2010]. 
However, there is limited information about its 
effect in psoriatic disease. The association between 
methotrexate treatment and cardiovascular events 
was assessed in a case–control study using a 
Veteran’s administrative database. The use of 
methotrexate was associated with a lower risk of 
developing the outcome (adjusted OR 0.73, 95% 
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CI 0.55–0.98), after adjusting for comorbidities 
[Prodanovich et  al. 2005]. Chin and colleagues 
used data from the NHI database in Taiwan to 
assess the effect of methotrexate on the risk of 
incident cardiovascular events in patients with 
psoriasis and PsA. They reported a protective 
effect of methotrexate compared with no metho-
trexate or retinoid treatment (adjusted RR 0.48, 
95% CI 0.29–0.81) [Chin et  al. 2013]. These 
results were in contrast to a different study that 
used information from the same database that did 
not show a difference in cardiovascular risk 
between methotrexate monotherapy compared 
with other nonbiologic medications in patients 
with psoriatic disease [Chen et al. 2012]. A recent 
study by Ogdie and colleagues reported a higher 
cardiovascular risk in patients with PsA who were 
not using nonbiologic DMARDs compared with 
those who were using these medications (adjusted 
RR 1.34 versus 0.93), suggesting a protective effect 
of DMARDs [Ogdie et al. 2014].

More information exists about cardiovascular risk 
and the use of biologic medications, in particular 
TNFα blockers in patients with psoriatic disease. 
The use of TNFα blockers was associated with an 
improved profile of cardiovascular biomarkers 
such as CRP, homocystein, Apolipoprotein-A-I 
(Apo-A-I), Lipoprotein(a) (Lp(a)) and fibrino-
gen; however, the levels of Apo-B and triglycer-
ides were increased [Sattar et  al. 2007]. In 
addition, the use of TNFα blockers was associ-
ated with a lower risk of developing diabetes mel-
litus in patients with psoriasis and RA (adjusted 
RR 0.62, 95% CI 0.42–0.91) [Solomon et  al. 
2010] and with an improvement in glucose levels 
in people with obesity [Stanley et al. 2011].

The effect of TNFα blockers on subclinical ath-
erosclerosis was assessed in a small prospective 
cohort study of patients with PsA. The use of 
TNFα blockers was associated with a reduction in 
IMT at 24 months compared with baseline, with a 
trend to an improved outcome compared with 
patients who were not on treatment [Tam et  al. 
2011]. In contrast, Ramonda and colleagues 
reported a progression in IMT and no improve-
ment in flow-mediated dilatation despite clinical 
improvement in disease activity after 2 years of 
treatment with TNFα blockers in patients with 
PsA [Ramonda et  al. 2014]. Other studies in 
patients with ankylosing spondylitis and RA found 
an improvement in subclinical atherosclerosis fol-
lowing TNFα blocker therapy compared with pla-
cebo [Tam et al. 2014].

A few population-based studies that used large 
administrative databases assessed the effect of bio-
logic medications on cardiovascular events. A 
recent analysis of data from a Danish nationwide 
database compared the association between the 
use of biologic and nonbiologic systemic medica-
tions for psoriasis and cardiovascular events. The 
use of TNFα blockers and methotrexate was asso-
ciated with a protective effect compared with topi-
cal medications and phototherapy (RR 0.46, 95% 
CI 0.22–0.98, and 0.56, 95% CI 0.42–0.76, 
respectively). No association was found between 
treatment with IL-23/12 inhibitors and cardiovas-
cular events [Ahlehoff et  al. 2014]. In line with 
these results, Wu and colleagues reported that the 
risk of developing cardiovascular events was 
reduced in patients with psoriasis who were using 
TNFα blockers compared with those using other 
systemic therapies or phototherapy (RR 0.50, 
95% CI 0.32–0.79) [Wu and Poon, 2014]. Overall, 
it appears that TNFα blockade might have a ben-
eficial effect on cardiovascular risk. However, it 
should be noted that these data are based mostly 
on observational studies in which there is no ran-
domization of the treatment. Therefore, confound-
ing by indication may affect the results. 
Additionally, studies that are based on administra-
tive databases do not include information about 
the severity of the skin or the joint disease and the 
classification of patients to severe versus mild dis-
ease is based on treatment used. In addition, most 
studies assessed patients with psoriasis and only a 
few performed a subgroup analysis with patients 
with PsA. Lastly, the information about anti 
IL-23/12 inhibitors is limited. Concerns were 
raised about a potential increase in major cardio-
vascular events related to the use of anti-IL-12/23 
agents in patients with psoriasis, which led to the 
discontinuation of all briakinumab trials. A meta-
analysis that assessed cardiovascular risk in clini-
cal trials of the two anti-IL-23/12 inhibitors, 
ustekinumab and briakinumab, did not find a sta-
tistically significant difference in the risk com-
pared with placebo [Ryan et  al. 2011]; however, 
this analysis may have been underpowered as it 
was based on a limited number of studies of short 
duration. Additional information is needed to 
determine the cardiovascular safety of this class of 
drugs. Data about the effect of the newer classes of 
medications for psoriatic disease, including, phos-
phodiesterase-4 inhibitor (apremilast) and the 
IL-17 inhibitors, on cardiovascular risk is scarce. 
Overall, there is not enough information to recom-
mend therapies for psoriatic disease on the basis of 
their cardiovascular risk. However, it appears that 
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TNFα blockers offer the best cardiovascular safety 
and possibly benefit and may be preferred over 
other systemic therapies in patients who are at 
increased cardiovascular risk.

Management of cardiovascular disease in 
PsA: testing, risk stratification
Current guidelines from rheumatology and der-
matology societies recognize the high cardiovas-
cular risk in patients with psoriasis and PsA and 
the need for screening for cardiovascular risk fac-
tors and stratification of patients according to 
their cardiovascular risk based on accepted risk 
scores [Peters et  al. 2010; Hsu et  al. 2012]. It 
should be noted, however, that clinical risk pre-
diction algorithms, such as the Framingham risk 
score, may underestimate cardiovascular risk in 
patients with PsA, as they do not consider the 
independent effect of systemic inflammation sec-
ondary to psoriatic disease in the risk assessment 
[Mehta et al. 2012; Wilton et al. 2014]. It has been 
suggested that vascular imaging modalities may 
improve risk stratification of patients with PsA 
[Eder et  al. 2013]. Physicians should address 
unhealthy lifestyle habits such as smoking, physi-
cal inactivity and excessive alcohol consumption, 
encourage patients with obesity to lose weight, 
and initiate treatment to control hypertension, 
dyslipidemia and diabetes according to local 
guidelines. Unlike in RA, where European League 
Against Rheumatism (EULAR) suggested adap-
tation of the risk score using a 1.5 multiplication 
factor to patients with more severe disease pheno-
type [Peters et  al. 2010], no attempt has been 
made to account for severity of psoriatic disease. 
Since patients with severe psoriasis and those 
with PsA are at higher cardiovascular risk, they 
may be a preferred target for screening and life-
style and treatment interventions to modify their 
cardiovascular risk. However, to date, the effect of 
intensive treatment for PsA on cardiovascular risk 
has not been assessed. Current treatment targets 
for hypertension, diabetes and dyslipidemia are 
the same for patients with psoriatic disease as the 
general population.

Future research directions
While the association between psoriasis, in partic-
ular severe disease, and cardiovascular events is 
established, additional epidemiological popula-
tion-based studies are needed to estimate the risk 
in patients with PsA. In addition, only limited 
information exists about the association between 

markers of disease severity and cardiovascular risk 
in patients with PsA. Since PsA is a heterogeneous 
disease that requires an assessment of multiple 
domains, these studies will require careful pheno-
typing of the patients and control for potential 
confounders in order to identify disease-related 
markers and laboratory biomarkers of increased 
cardiovascular risk in these patients. The results of 
such studies may also assist in developing a psori-
atic disease-specific risk algorithm to predict car-
diovascular events, which may improve risk 
stratification of patients. Lastly, the effect of inter-
ventional studies for PsA and the differential effect 
on cardiovascular risk across classes of medica-
tions are also of interest.

Funding
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors.

Conflict of interest statement
The authors declare that there is no conflict of 
interest.

References
Agewall, S., Degroot, E., Marcos-Alberca, P., 
Zamorano, J., Barrero, A., Badano, L. et al. (2012) 
Ultrasound and radiology surrogate Eendpoints in 
pharmacological studies. Atherosclerosis 224: 12–24.

Ahlehoff, O., Gislason, G., Charlot, M., Jorgensen, 
C., Lindhardsen, J., Olesen, J. et al. (2011) Psoriasis 
is associated with clinically significant cardiovascular 
risk: a Danish nationwide cohort study. J Intern Med 
270: 147–157.

Ahlehoff, O., Skov, L., Gislason, G., Gniadecki, R., 
Iversen, L., Bryld, L. et al. (2014) Cardiovascular 
outcomes and systemic anti-inflammatory drugs in 
patients with severe psoriasis: 5-year follow-up of 
a Danish nationwide cohort. J Eur Acad Dermatol 
Venereol 29: 1128–1134.

Bhole, V., Choi, H., Burns, L., Vera Kellet, C., 
Lacaille, D., Gladman, D. et al. (2012) differences 
in body mass index among individuals with 
PsA, psoriasis, RA and the general population. 
Rheumatology (Oxford) 51: 552–556.

Boehncke, W., Boehncke, S., Tobin, A. and Kirby, B. 
(2011) The ‘psoriatic march’: a concept of how severe 
psoriasis may drive cardiovascular comorbidity. Exp 
Dermatol 20: 303–307.

Chen, Y., Chang, Y., Shen, J., Chen, T., Wang, C., 
Chen, C. et al. (2012) Association between systemic 
antipsoriatic drugs and cardiovascular risk in patients 



L Eder and DD Gladman

http://tab.sagepub.com 193

with psoriasis with or without psoriatic arthritis: a 
nationwide cohort study. Arthritis Rheum 64: 
1879–1887.

Chin, Y., Yu, H., Li, W., Ko, Y., Chen, G., Wu, C. 
et al. (2013) Arthritis as an important determinant for 
psoriatic patients to develop severe vascular events 
in Taiwan: a nation-wide study. J Eur Acad Dermatol 
Venereol 27: 1262–1268.

Choi, H., Hernan, M., Seeger, J., Robins, J. and 
Wolfe, F. (2002) Methotrexate and mortality in 
patients with rheumatoid arthritis: a prospective study. 
Lancet 359: 1173–1177.

Dubreuil, M., Rho, Y., Man, A., Zhu, Y., Zhang, Y., 
Love, T. et al. (2014) Diabetes incidence in psoriatic 
arthritis, psoriasis and rheumatoid arthritis: a UK 
population-based cohort study. Rheumatology (Oxford) 
53: 346–352.

Eder, L., Chandran, V. and Gladman, D. (2013a) 
The Framingham Risk Score underestimates the 
extent of subclinical atherosclerosis in patients with 
psoriatic disease. Ann Rheum Dis 73: 1990–1996.

Eder, L., Abji, F., Rosen, C.F., Chandran, V., 
Gladman, D.D. (2014a) HLA markers for disease 
severity are associated with a higher burden of 
atherosclerosis in patients with psoriatic disease. Arth 
Rheum 66(Suppl.): S275.

Eder, L., Jayakar, J., Pollock, R., Pellett, F., 
Thavaneswaran, A., Chandran, V. et al. (2013b) 
Serum adipokines in patients with psoriatic arthritis 
and psoriasis alone and their correlation with disease 
activity. Ann Rheum Dis 72: 1956–1961.

Eder, L., Thavaneswaran, A., Chandran, V., Cook, 
R. and Gladman, D. (2014b) Increased burden 
of inflammation over time is associated with the 
extent of atherosclerotic plaques in patients with 
psoriatic arthritis. Ann Rheum Dis doi: 10.1136/
annrheumdis-2014-205267. [Epub ahead of print 
May 14, 2014].

Eder, L., Thavaneswaran, A., Chandran, V., Cook, R. 
and Gladman, D. (2014c) Obesity is associated with 
a lower probability of achieving sustained minimal 
disease activity state among patients with psoriatic 
arthritis. Ann Rheum Dis 74: 813–817.

Eder, L., Thavaneswaran, A., Chandran, V., Shen, 
H., Cook, R. and Gladman, D. (2014d) Predictors for 
cardiovascular events in patients with psoriatic arthritis 
– a cohort study. Arth Rheumatol 66(Suppl.): 542.

Gelfand, J., Weinstein, R., Porter, S., Neimann, A., 
Berlin, J. and Margolis, D. (2005) Prevalence and 
treatment of psoriasis in the United Kingdom: a 
population-based study. Arch Dermatol 141: 1537–1541.

Gladman, D., Ang, M., Su, L., Tom, B., Schentag, 
C. and Farewell, V. (2009) Cardiovascular morbidity 
in psoriatic arthritis. Ann Rheum Dis 68: 1131–1135.

Gladman, D., Antoni, C., Mease, P., Clegg, D. and 
Nash, P. (2005) Psoriatic arthritis: epidemiology, 
clinical features, course, and outcome. Ann Rheum Dis 
64(Suppl. 2): ii14–ii17.

Gonzalez-Juanatey, C., Llorca, J., Miranda-Filloy, J., 
Amigo-Diaz, E., Testa, A., Garcia-Porrua, C. et al. 
(2007) Endothelial dysfunction in psoriatic arthritis 
patients without clinically evident cardiovascular 
disease or classic atherosclerosis risk factors. Arthritis 
Rheum 57: 287–293.

Han, C., Robinson, D., Jr, Hackett, M., Paramore, 
L., Fraeman, K. and Bala, M. (2006) Cardiovascular 
disease and risk factors in patients with rheumatoid 
arthritis, psoriatic arthritis, and ankylosing spondylitis. 
J Rheumatol 33: 2167–2172.

Hansson, G. (2005) Inflammation, atherosclerosis, 
and coronary artery disease. N Engl J Med 352: 
1685–1695.

Hansson, G. and Klareskog, L. (2011) Pulling 
down the plug on atherosclerosis: cooling down the 
inflammasome. Nat Med 17: 790–791.

Holzer, M., Wolf, P., Inzinger, M., Trieb, M., Curcic, 
S., Pasterk, L. et al. (2014) Anti-psoriatic therapy 
recovers high-density lipoprotein composition and 
function. J Invest Dermatol 134: 635–642.

Hsu, S., Papp, K., Lebwohl, M., Bagel, J., Blauvelt, 
A., Duffin, K. et al. (2012) Consensus guidelines for 
the management of plaque psoriasis. Arch Dermatol 
148: 95–102.

Hugh, J., Van Voorhees, A., Nijhawan, R., Bagel, 
J., Lebwohl, M., Blauvelt, A. et al. (2014) From the 
Medical Board of the National Psoriasis Foundation: 
the risk of cardiovascular disease in individuals with 
psoriasis and the potential impact of current therapies. 
J Am Acad Dermatol 70: 168–177.

Husted, J., Thavaneswaran, A., Chandran, V., 
Eder, L., Rosen, C., Cook, R. et al. (2011) 
Cardiovascular and other comorbidities in patients 
with psoriatic arthritis: a comparison with patients 
with psoriasis. Arthritis Care Res (Hoboken) 63: 
1729–1735.

Ibrahim, G., Waxman, R. and Helliwell, P. (2009) 
The prevalence of psoriatic arthritis in people with 
psoriasis. Arthritis Rheum 61: 1373–1378.

Jonasson, L., Holm, J., Skalli, O., Bondjers, G. and 
Hansson, G. (1986) Regional accumulations of T cells, 
macrophages, and smooth muscle cells in the human 
atherosclerotic plaque. Arteriosclerosis 6: 131–138.

Karbach, S., Croxford, A., Oelze, M., Schuler, R., 
Minwegen, D., Wegner, J. et al. (2014) Interleukin 17 
drives vascular inflammation, endothelial dysfunction, 
and arterial hypertension in psoriasis-like skin disease. 
Arterioscler Thromb Vasc Biol 34: 2658–2668.



Therapeutic Advances in Musculoskeletal Disease 7(5) 

194 http://tab.sagepub.com

Kimhi, O., Caspi, D., Bornstein, N., Maharshak, N., 
Gur, A., Arbel, Y. et al. (2007) Prevalence and risk 
factors of atherosclerosis in patients with psoriatic 
arthritis. Semin Arthritis Rheum 36: 203–209.

Kwon, G., Schroeder, J., Amar, M., Remaley, 
A. and Balaban, R. (2008) Contribution of 
macromolecular structure to the retention of 
low-density lipoprotein at arterial branch points. 
Circulation 117: 2919–2927.

Li, W., Han, J., Manson, J., Rimm, E., Rexrode, K., 
Curhan, G. et al. (2012) Psoriasis and risk of nonfatal 
cardiovascular disease in U.S. women: a cohort study. 
Br J Dermatol 166: 811–818.

Lin, Y., Dalal, D., Churton, S., Brennan, D., 
Korman, N., Kim, E. et al. (2014) Relationship 
between metabolic syndrome and carotid intima-
media thickness: cross-sectional comparison between 
psoriasis and psoriatic arthritis. Arthritis Care Res 
(Hoboken) 66: 97–103.

Love, T., Zhu, Y., Zhang, Y., Wall-Burns, L., Ogdie, 
A., Gelfand, J. et al. (2012) Obesity and the risk of 
psoriatic arthritis: a population-based study. Ann 
Rheum Dis 71: 1273–1277.

Ma, C., Harskamp, C., Armstrong, E. and 
Armstrong, A. (2013) The association between 
psoriasis and dyslipidaemia: a systematic review. Br J 
Dermatol 168: 486–495.

Mehta, N., Krishnamoorthy, P., Yu, Y., Khan, O., 
Raper, A., Van Voorhees, A. et al. (2012a) The 
impact of psoriasis on 10-year Framingham risk. J Am 
Acad Dermatol 67: 796–798.

Mehta, N., Li, R., Krishnamoorthy, P., Yu, Y., 
Farver, W., Rodrigues, A. et al. (2012b) Abnormal 
lipoprotein particles and cholesterol efflux capacity 
in patients with psoriasis. Atherosclerosis 224: 
218–221.

Miller, I., Ellervik, C., Yazdanyar, S. and Jemec, G. 
(2013a) Meta-analysis of psoriasis, cardiovascular 
disease, and associated risk factors. J Am Acad 
Dermatol 69: 1014–1024.

Miller, I., Skaaby, T., Ellervik, C. and Jemec, G. 
(2013b) Quantifying cardiovascular disease risk 
factors in patients with psoriasis: a meta-analysis. Br J 
Dermatol 169: 1180–1187.

Moore, K. and Tabas, I. (2011) Macrophages in the 
pathogenesis of atherosclerosis. Cell 145: 341–355.

Nestle, F., Kaplan, D. and Barker, J. (2009) Psoriasis. 
N Engl J Med 361: 496–509.

Ogdie, A., Schwartzman, S., Eder, L., Maharaj, 
A., Zisman, D., Raychaudhuri, S. et al. (2014a) 
Comprehensive treatment of psoriatic arthritis: 
managing comorbidities and extraarticular 
manifestations. J Rheumatol 41: 2315–2322.

Ogdie, A., Yu, Y., Haynes, K., Love, T., Maliha, S., 
Jiang, Y. et al. (2014b) Risk of major cardiovascular 
events in patients with psoriatic arthritis, psoriasis and 
rheumatoid arthritis: a population-based cohort study. 
Ann Rheum Dis 74: 326–332.

Peters, M., Symmons, D., McCarey, D., Dijkmans, 
B., Nicola, P., Kvien, T. et al. (2010) EULAR 
evidence-based recommendations for cardiovascular 
risk management in patients with rheumatoid arthritis 
and other forms of inflammatory arthritis. Ann Rheum 
Dis 69: 325–331.

Prodanovich, S., Ma, F., Taylor, J., Pezon, C., 
Fasihi, T. and Kirsner, R. (2005) Methotrexate 
reduces incidence of vascular diseases in veterans with 
psoriasis or rheumatoid arthritis. J Am Acad Dermatol 
52: 262–267.

Ramonda, R., Puato, M., Punzi, L., Rattazzi, M., 
Zanon, M., Balbi, G. et al. (2014) Atherosclerosis 
progression in psoriatic arthritis patients despite the 
treatment with tumor necrosis factor-alpha blockers: 
a two-year prospective observational study. Joint Bone 
Spine 81: 421–425.

Ridker, P. (2013a) Closing the loop on inflammation 
and atherothrombosis: why perform the CIRT and 
CANTOS trials? Trans Am Clin Climatol Assoc 124: 
174–190.

Ridker, P. (2013b) Moving beyond Jupiter: will 
inhibiting inflammation reduce vascular event rates? 
Curr Atheroscler Rep 15: 295.

Rose, S., Dave, J., Millo, C., Naik, H., Siegel, E. and 
Mehta, N. (2014) Psoriatic arthritis and sacroiliitis are 
associated with increased vascular inflammation by 
18-fluorodeoxyglucose positron emission tomography 
computed tomography: baseline report from the 
Psoriasis Atherosclerosis and Cardiometabolic Disease 
Initiative. Arthritis Res Ther 16: R161.

Ryan, C., Leonardi, C., Krueger, J., Kimball, A., 
Strober, B., Gordon, K. et al. (2011) Association 
between biologic therapies for chronic plaque 
psoriasis and cardiovascular events: a meta-analysis 
of randomized controlled trials. JAMA 306: 
864–871.

Samarasekera, E., Neilson, J., Warren, R., Parnham, 
J. and Smith, C. (2013) Incidence of cardiovascular 
disease in individuals with psoriasis: a systematic 
review and meta-analysis. J Invest Dermatol 133: 
2340–2346.

Sattar, N., Crompton, P., Cherry, L., Kane, D., 
Lowe, G. and McInnes, I. (2007) Effects of tumor 
necrosis factor blockade on cardiovascular risk 
factors in psoriatic arthritis: a double-blind, placebo-
controlled study. Arthritis Rheum 56: 831–839.

Sharma, A., Reddy, M., Sharma, K., Dogra, S. 
and Vijayvergiya, R. (2014) Study of endothelial 



L Eder and DD Gladman

http://tab.sagepub.com 195

dysfunction in patients of psoriatic arthritis by flow 
mediated and nitroglycerine mediated dilatation of 
brachial artery. Int J Rheum Dis doi: 10.1111/1756-
185X.12336. [Epub ahead of print April 4, 2014].

Shlyankevich, J., Mehta, N., Krueger, J., Strober, B., 
Gudjonsson, J., Qureshi, A. et al. (2014) Accumulating 
evidence for the association and shared pathogenic 
mechanisms between psoriasis and cardiovascular-
related co-morbidities. Am J Med 127: 1148–1153.

Solomon, D., Love, T., Canning, C. and 
Schneeweiss, S. (2010) Risk of diabetes among 
patients with rheumatoid arthritis, psoriatic arthritis 
and psoriasis. Ann Rheum Dis 69: 2114–2117.

Stanley, T., Zanni, M., Johnsen, S., Rasheed, S., 
Makimura, H., Lee, H. et al. (2011) TNF-alpha 
antagonism with etanercept decreases glucose and 
increases the proportion of high molecular weight 
adiponectin in obese subjects with features of the 
metabolic syndrome. J Clin Endocrinol Metab 96: 
E146–E150.

Tabas, I., Williams, K. and Boren, J. (2007) 
Subendothelial lipoprotein retention as the initiating 
process in atherosclerosis: update and therapeutic 
implications. Circulation 116: 1832–1844.

Tam, L., Kitas, G. and Gonzalez-Gay, M. (2014) 
Can suppression of inflammation by anti-TNF 
prevent progression of subclinical atherosclerosis in 
inflammatory arthritis? Rheumatology (Oxford) 53: 
1108–1119.

Tam, L., Li, E., Shang, Q., Tomlinson, B., Li, M., 
Leung, Y. et al. (2011) Tumour necrosis factor alpha 
blockade is associated with sustained regression of 

carotid intima-media thickness for patients with active 
psoriatic arthritis: a 2-year pilot study. Ann Rheum Dis 
70: 705–706.

Tam, L., Shang, Q., Li, E., Tomlinson, B., Chu, T., 
Li, M. et al. (2008) Subclinical carotid atherosclerosis 
in patients with psoriatic arthritis. Arthritis Rheum 59: 
1322–1331.

Weber, C. and Noels, H. (2011) Atherosclerosis: 
current pathogenesis and therapeutic options. Nat 
Med 17: 1410–1422.

Westlake, S., Colebatch, A., Baird, J., Kiely, P., 
Quinn, M., Choy, E. et al. (2010) The effect of 
methotrexate on cardiovascular disease in patients 
with rheumatoid arthritis: a systematic literature 
review. Rheumatology (Oxford) 49: 295–307.

Wilton, K., Ernste, F., Crowson, C., Matteson, E., 
Kremers, H. and Sánchez-Menéndez, M. (2014) 
Increased cardiovascular risk in patients recently 
diagnosed with psoriatic arthritis: a population-based, 
cohort study. Arth Rheumatol 66(Suppl.): 1852.

Wu, J. and Poon, K. (2014) Tumor necrosis factor 
inhibitor therapy and myocardial infarction risk in 
patients with psoriasis, psoriatic arthritis, or both. J 
Drugs Dermatol 13: 932–934.

Yilmazer, B., Sahin, T., Unlu, B., Kir, H. and Cefle, 
A. (2015) Investigation of subclinical atherosclerosis 
in psoriatic arthritis patients with minimal disease 
activity. Rheumatol Int 35: 1385–1392.

Zhu, T., Li, E. and Tam, L. (2012) Cardiovascular 
risk in patients with psoriatic arthritis. Int J Rheumatol 
2012: 714321.

Visit SAGE journals online 
http://tab.sagepub.com

SAGE journals


