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This editorial refers to ‘Increased risk of aortic valve sten-
osis in patients with psoriasis: a nationwide cohort study’†,
by U. Khalid et al., on page 2177.

Psoriasis is a chronic inflammatory disease of the skin and joints af-
fecting .125 million people worldwide.1 There has been a revolu-
tion in our understanding of the natural history, pathophysiology,
and genetics of this disease over the last decade that has been par-
alleled by dramatic advances in treatment options for patients with
more severe disease.2

The pathophysiology of psoriasis involves chronic Th1 and Th17
inflammation, epidermal hyperproliferation, and chronic angiogen-
esis. Over 40 genes have been implicated in psoriasis susceptibility,
and those in immune-based pathways confer the most risk for psor-
iasis at the population level. Psoriasis is increasingly recognized as a
systemic disease. Measures of C-reactive protein and inflammatory
cytokines such as tumour necrosis factor-a (TNF-a), interleukin-6
(IL-6), and intercellular adhesion molecule 1 (ICAM-1), and growth
factors such as vascular endothelial growth factor (VEG-F) are
increased in patients with psoriasis in a manner that correlates
with disease severity. Moreover, skin inflamed by psoriasis overex-
presses genes related to cardiovascular (CV) risk, with resultant
production of proteins such as renin that may promote CV disease.3

Indeed, mouse models of psoriasis in which the construct is con-
fined to the skin develop aortic inflammation, indicating a proof of
principle that chronic inflammation and hyperproliferation of the
skin can result in inflammatory changes in the systemic vasculature.4

The similarities between immunological risk factors for athero-
sclerosis and psoriasis prompted population-based studies using
modern epidemiological techniques in the mid 2000s. These studies
demonstrated that psoriasis, particularly if the disease is severe
based on patterns of treatment, is a risk factor for myocardial infarc-
tion, stroke, and CV mortality.5,6 These studies controlled for fac-
tors such as body mass index, smoking status, and diagnoses of
hyperlipidaemia, hypertension, and diabetes as measured during

routine clinical care. Among patients with more severe disease,
the 10-year attributable risk of major cardiovascular events
(MACE) is estimated to be 6%, which is similar to or exceeds the
risk conferred by common CV risk factors.7 Indeed, simultaneous
analysis of psoriasis and rheumatoid arthritis (a more classical ex-
ample of chronic inflammation and CV disease) patients treated
with systemic agents reveals similar increased risks for MACE
even when adjusting for traditional risk factors.8,9 However, psoria-
sis appears to confer a specific increased risk of metabolic syndrome
and diabetes independent of traditional risk factors such as obesity,
which is not appreciated in simultaneous analysis of rheumatoid
arthritis.9 Furthermore, more advanced measures of lipid metabol-
ism demonstrated impaired HDL function and a more atherogenic
profile (LDL particles which are smaller and denser) in patients with
psoriasis.10

The risk of CV disease in patients with psoriasis has been of in-
tense scientific interest, with hundreds of studies, reviews, and
meta-analyses evaluating the association with CV biomarkers and
outcomes.11 Despite the intense interest in this area, to our knowl-
edge, Khalid and colleagues are the first to publish findings evaluat-
ing the risk of aortic stenosis (AS) in patients with psoriasis,
demonstrating that our understanding of the impact of psoriasis
on CV disease remains far from complete.12 The investigators con-
ducted a cohort study involving the entire Danish population. Psor-
iasis was defined as mild upon patients receiving their second
prescription for topical vitamin D derivatives (a treatment specific
for psoriasis). Patients were classified as severe at the time of their
third diagnosis (hospitalization or outpatient consultation) for psor-
iasis or psoriatic arthritis. In clinical practice, severity of psoriasis is
most commonly defined by body surface area affected. In epidemio-
logical studies, treatment patterns such as use of systemic treat-
ments or phototherapy, which are typically reserved for more
extensive psoriasis, are frequently used as a proxy for disease sever-
ity as data on body surface area are not routinely collected. The de-
gree to which disease severity is misclassified by the approach used
by Khalid et al. is unclear, but presumably would result in an
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underestimation of risk in patients with truly severe disease and an
overestimation of risk in patients with truly mild disease. Despite the
potential for misclassification in disease severity, Khalid and collea-
gues demonstrate a clear dose–response; the incident rate ratio
(IRR) of AS for mild and severe psoriasis is 1.31 [95% confidence
interval (CI) 1.20–1.43] and 1.74 (95% CI 1.43–2.13), respectively.
The analysis was adjusted for age, sex, and co-morbidities, but data
on body mass index and smoking, both of which are known to be
associated with psoriasis in a dose–response manner, were not
available and thus we cannot exclude that residual confounding
explains the association. Moreover, AS is not a ‘hard endpoint’
and thus may be more sensitive to information (i.e. detection)
bias, although the investigators tried to account for this possibility
in sensitivity analyses. Based on their data, it can be estimated that
among patients with mild and severe psoriasis there is an excess
of 2.5 and 6 incident diagnoses of AS per 10 000 patients per
year, respectively. These risks are relatively small compared with
the excess risk of MACE seen in patients with more severe psoriasis
but could still be a concern for morbidity and mortality given that
psoriasis is a disease that is chronic and patients are typically affected
for decades as the typical onset is in the 20s and 30s. Information on
symptomatic AS and surgery or mortality related to AS would be
important to better interpret the results and their clinical
significance.

The association of AS and psoriasis may provide insight into a
shared pathophysiology.13 Both diseases share risk factors, particu-
larly dyslipidaemia, hypertension, and diabetes. Moreover, a shared
common factor of both AS and psoriasis is the presence of inflam-
mation; in the case of AS, there is a robust local inflammatory reac-
tion at the endocardial level; and in psoriasis, a robust inflammatory
reaction in the skin, joints, and blood vessels.14 In psoriasis there is
up-regulation in T cells, macrophages, dendritic cells, neutrophils,
and inflammatory cytokines, which promotes keratinocyte hyper-
proliferation and angiogenesis. Moreover, recent studies indicate
that skin affected by psoriasis overexpresses genes associated
with metabolic and CV risk and that similar abnormalities in these
functional pathways can be found in the serum.2,3 Fluorodeoxyglu-
cose positron emission tomography-computed tomography (FDG
PET CT) is a sensitive detector of in vivo inflammation using nuclear
imaging techniques and recently demonstrated a strong inflamma-
tory component to AS which preceded calcification. This finding
is in direct line with what emerging data have demonstrated using
FDG PET CT in psoriasis; a strong inflammatory component de-
tected in the blood vessels which may indeed extend beyond the
aortic root into the aortic valve.15

Whether treatment of psoriasis, and the accompanying inflamma-
tion, will ameliorate the systemic and vascular inflammation is the
focus of intensive ongoing study. The Vascular Inflammation in Psor-
iasis Trials (NCT01553058, NCT02187172, and NCT01866592)
are testing the hypothesis that treatment of psoriatic skin disease
will impact vascular and metabolic biomarkers in patients with
moderate to severe psoriasis. Using a five-segment aortic model,
the trials will assess vascular inflammation as a primary outcome.

Findings from these studies will not only inform of vascular inflam-
mation outcomes, but will provide an important framework to as-
sess emerging findings such as those reported by Khalid et al. in
this issue of the journal.
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