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Abbreviations

BMI — body mass index

CCL20 - chemokine ligand 20

CRP - C-reactive protein

CV — cardiovascular

CVD - cardiovascular disease

CVE - cardiovascular event

FRS — Framingham Risk Score

GlycA — Glycoprotein acetylation

GPP — Generalized Pustular Psoriasis

HLA — human leukocyte antigen

IFN-y — interferon-gamma

IL - interleukin

MACE — major adverse cardiovascular event
MI — myocardial infarction

FDG PET/CT - Fluorodeoxyglucose F-18 positron
emission tomography computed tomography
PCE - Pooled Cohort Equations

RSS — Reynolds Risk Score

SCORE - Systematic Coronary Risk Evaluation

TNF-a — tumor necrosis factor-alpha
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More than skin deep

Psoriatic disease is an immune-mediated chronic
disease commonly recognized by the presence
of lesions on the skin, also called psoriasis. But
this disease is more than skin deep and approxi-
mately 30% of people living with psoriatic disease
also see their joints and tendons affected by it,
known as psoriatic arthritis. For that reason, the
term psoriatic disease was coined, and includes
both psoriasis and psoriatic arthritis.

People living with psoriatic disease also have an
increased risk of developing other related diseas-
es, or comorbidities, such as mental health disor-
ders (anxiety and depression), obesity, hyperten-
sion, dyslipidemia, diabetes, inflammatory bowel
disease, metabolic syndrome and cardiovascular
disease'. Most of these diseases are intercon-
nected and are considered risk factors for the de-
velopment of the other comorbidities?*.

What is psoriatic disease?

Psoriatic disease is a systemic
condition affecting multiple body
sites, predominately the skin,
the joints, or both. Skin and joint
symptoms are different manifes-
tations of the same disease. They
may manifest independently.

A third of people with skin man-
ifestations of psoriatic disease
(psoriasis) will develop a type
of inflammatory arthritis affect-
ing joints and tendons (psoriatic
arthritis). In some people, joint
symptoms develop before skin
lesions.



People with psoriatic disease have an increased risk
of developing other noncommunicable diseases:

Depression

Hypertension

Cardiovascular
disease

Diabetes

Obesity

Dyslipidemia

Inflammatory
bowel disease

Cancer

The association between psoriatic disease and its comorbidities is clear, and the risk of
developing some of the comorbidities increases with the severity of psoriatic disease®.
Good disease management and comorbidity surveillance are essential measures to avoid
their onset and reduce the burden of disease for people living with psoriatic disease and,

consequently, to the healthcare system.

It is challenging to isolate the association between psoriatic disease and any individual
comorbidity. Nevertheless, in this report we will focus on the pathways suggested to di-

More information on psoriatic
disease and the link with other
comorbidities such as mental
health and diabetes can be
found here:

Mental health

rectly connect psoriatic disease and cardiovascular disease (CVD).
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The link between psoriatic disease
and CVD

The relationship between these two diseases and the increased risk of CVD in severe forms

of psoriatic disease has been extensively demonstrated. One of the main commonalities is

inflammation and its downstream effects. In addition, other factors, namely risk behaviors, are

associated with an increased risk for developing CVD.

Such behaviors include smoking, unhealthy eating hab-

its, and a sedentary lifestyle (low exercise). These also

increase the risk for obesity, hypertension, high choles-

terol and diabetes, other psoriatic disease comorbidi- One of the main

ties that, consequently, increase the CVD risk. i .
commonalities is

In this report we will discuss in more detail the me- inflammation and

chanisms behind the onset of CVD in people with pso- its d

riatic disease. The cascade of events starting with skin Its downstream

inflammation and how it results in CVD is also knownas  effects.

psoriatic march®.



PSORIATIC DISEASE INCREASES THE RISK OF CVD

The link between psoriatic disease and CVD has been studied for many years. It has become
clear that psoriatic disease is associated with myofibrillar infarction, stroke, and cardiovascu-
lar-related death, also defined as MACE, or major adverse cardiovascular events.

The term
includes different conditions:

Heart disease
heart and blood vessel dis-
ease, often associated with
atherosclerosis

Heart attack Heart failure

blockage of blood flow to the when the heart is still beating
heart by a blood clot, also but is not pumping blood as
known as myofibrillar infarction well as it should

Stroke Arrhythmia
blockage of blood flow to the when the heart pumps at a slow-
brain, usually from a blood clot er, faster, or irregular rhythm

Several studies show an increased incidence of CVD in people with psoriatic disease when
compared to people without psoriatic disease (controls). In these studies, risk is usually pre-
sented as an odds ratio (OR), or hazard ratio (see box on next side). Research has shown
a higher risk for myocardial infarction, angina, nonfatal CVD, stroke and other MACE in peo-
ple with psoriatic disease compared to controls’". One large study conducted in Germany,
for example, showed that people with psoriatic disease experience myocardial infarction on
average 5 years earlier than people without the disease™. Moreover, people with psoriatic
arthritis are reported to be at an even higher risk for CVD when compared to controls and, in
some cohorts, compared with people with psoriasis. In these studies the OR was as high as
3.5710,13-15.
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In this report the information presented is mostly fo-
cused on common forms of psoriatic disease, because
these are subjected to most scientific studies. Even
though there is a lack of research on rare subtypes of
psoriasis, an increase in CVD is still detected. Wu et
al showed an increased risk and prevalence of CVD
in people living with erythrodermic psoriasis when
compared with healthy controls in China™. A study on
people living with generalized pustular psoriasis (GPP)
in France showed a correlation between admission to
an intensive care unit and myocardial infarction history
(OR 4.29)". In cases of fatal GPP, the OR of myocardial
infarction was even higher (5.1) than for people with
GPP not admitted to intensive care". These studies
show that all types of psoriatic disease deserve at-
tention and people living with rare types of psoriatic
disease should also be routinely checked for comor-
bidities.

OR myocardial infarction

3.23
A A
T 2.57 e
= 4.7 nonfatal
CVD
f 1.45 stroke
> ‘ >
No psoriatic  Psoriatic Males Females No psoriatic Psoriatic
disease disease disease disease

Odds ratio (OR)

Odds ratio measures the
likelihood or strength of
the association between
two events. An OR of 1.5
means thatthereisa 50%
higher risk for an event
to occur and, conversely,
an OR of 0.8 means that
the risk is 20% lower.

OR nonfatal CVD & stroke

Even though it is challenging to calculate risk for individual variables, several factors seem
to independently impact the risk for CVD in psoriatic disease:

Psoriatic disease severity:
several reports have demon-
strated that milder presenta-
tions of psoriatic disease are
associated with a lower risk
for CVD when compared to
severe psoriatic disease™™,

Risk for MACE

1.62
1.28

]

mild psoriasis severe psoriasis




Age of the person with psoriatic disease: research has shown that
younger people have an increased risk for CVD. When comparing people
in the same age group with and without psoriatic disease, the risk for Ml for
30-year-olds is 3.10 and 1.36 for 60-year- Risk for CV death

olds with severe psoriatic disease?°22, Ve ™\
Even though this may be a puzzling find-
ing, it is plausible that younger people 2.69

are generally under less surveillance and 1.92
have less access to medication that re-
duces the risk for CVD. Conversely, old- ) ef
people are more likely to be on medica-

tion to control blood pressure and CVD age 40 age 60
onset, such as statins. Another plausible \_ )
reason for the lower risk for 60-year-olds
may be that fewer people with psoriatic
disease and a high risk of MI survive to
old age.

Duration of disease: several studies suggest a positive correlation be-
tween the duration of disease and CVD risk. A study from Egeberg et al
showed a 1% added risk per additional year of psoriatic disease duration®.

Family history: it is well established that a family history of psoriatic dis-
ease increases the likelihood for an individual to develop the disease.
Interestingly, a study showed that, among young people with psoriatic

disease (average age 26.6

OR for MACE years), a family history of
MACE increases their own
for individuals with a family history of risk for these events. The

MACE and psoriatic di Sh
LR LS B risk is higher for severe

psoriatic  disease. Con-
4 versely, no added risk to

1.62 young individuals with no
1.28 family history of MACE was
found®. The findings show
that obtaining information

Mild Severe e from family history of CVD
psoriatic  psoriatic from people with psoriatic
disease  disease disease by healthcare pro-

- J fessionals (HCP) can help

evaluate CVD risk and plan
for appropriate monitoring.
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Genetic factors: Several genes or
chromosomal regions have been
associated with an increased pre-
disposition for the development
of psoriatic disease and CVD. One
of the main associations between
genetics and disease is HLA-Cw6
(human leukocyte antigen) allele or
variant?*, Studies showed that HLA-
Cw6 was present in most people
with early onset psoriatic disease
than in people with late-onset dis-
ease?*, and at a higher prevalence
in people with psoriatic disease

HLA-Cw®6 allele present in

of people with
early onset
psoriatic of people

o with late
Isease onset psd*

than people without it?®.

HLA-Cw6 is associated with the immune system?¢ and with an increased risk for CVD?/, show-
ing that this allele confers a double burden for psoriatic and CVD. Another allele, HLA-Cw1,
more prevalent in Asian populations, has also been associated with psoriatic disease and
dyslipidemia, another comorbidity associated with increased CVD risk?®. Genetic variations in
IL-23 have also been linked to an increased risk for the development of psoriatic disease and

premature coronary artery disease?9%,
With the technical advances and the
reduction of costs associated with ge-
nome investigations it has been possi-
ble to understand in more depth how
genes impact the onset and progres-
sion of disease. This knowledge has
the potential to uncover disease mech-
anisms, if and how genes affect disease
severity, and how individuals respond
to treatment. With that, it is possible to
move closer to personalized treatment,
with the potential for increasing effica-
cy and reducing side effects.

Finding factors associated with disease
is of utmost significance, as it can help
to better evaluate risk and plan for ap-

66

Finding factors associated with
disease is of utmost significance,
as it can help to better evaluate
risk and plan for appropriate
disease prevention and
management.

propriate disease prevention and management. Guidelines for HCPs considering all risk fac-
tors can also have a profound impact on reducing the burden of CVD in people with psoriatic

disease.
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TOOLS TO EVALUATE THE RISK OF CVD AND CARDIOVASCULAR
EVENTS (CVE)

Several methods have been developed to accurately estimate someone’s risk of develop-
ing CVD or experiencing a cardiovascular event (CVE). Such risk scores include: QRISK-3*";
Systematic Coronary Risk Evaluation or SCORE®?; CUORE®**3**; Pooled Cohort Equations or

66

The development of tools to
rapidly evaluate the risk of
CVD is of high importance
and applicability. These tools

PCE®®; Reynolds Risk Score or RSS%**, and
Framingham Risk
Score or FRS3839,

Even though there are differences between
what parameters are used to calculate the

different scores, these tools generally con-
sider the person’s age, gender, ethnicity,
total cholesterol, high-density lipoprotein
cholesterol, blood pressure, diabetes and

monitor risk.

smoking status on the risk assessment. Inter-
estingly, CVD risk prediction tools perform
differently depending on the population
they are tested on. As an example, the FRS,
established with population data from Fram-
ingham, Massachusetts, is more accurate to
predict the risk for CVD in populations from
the USA, Australia or New Zealand than European populations*®. Conversely, SCORE was
developed from cohorts from 12 European countries, performs generally better in European
populations®2. Other studies validated the FRS to calculate the CVD risk in Malaysia*#?, even
though the revised PCR score is the most useful in predicting risk in Asian populations*?. On
the contrary, SCORE and SCORE2 perform poorly, overestimating the risk for CVD in Asian
populations®3,

should be used to complement
other tests used to stratify and

Despite CVD risk scores being initially developed using data from populations without chron-
ic diseases, their validity in other cohorts, such as people with psoriatic disease, have been
tested and compared. Not surprisingly, the different scores mentioned above are able to
predict the risk for CVD in psoriatic disease populations with different accuracies*-*. A drop
in accuracy is also observed when these tools are applied to cohorts of people with psoriatic
arthritis*®. To improve the accuracy of risk calculation in individuals with rheumatic diseases,
including psoriatic arthritis, the European League Against Rheumatism (EULAR) recommend-
ed risk scores to be multiplied by 1.5. This recommendation resulted in an overall improve-
ment in accuracy for some populations®® but not others*®.

The development of tools to rapidly evaluate the risk of CVD is of high importance and ap-
plicability. There are, however, several factors that limit the accuracy of the results, especially
when applied to a specific subset of the population with diseases that may, on their own, be
risk factors for the onset of CVD. Therefore, these tools should be used to complement other
tests used to stratify and monitor risk.

IFPA |Inside Psoriatic Disease: Cardiovascular Disease 11



PSORIATIC MARCH AND THE ONSET OF CVD

According to the concept of psoriatic march summarised by Boehncke et al®, systemic inflam-
mation is suggested to be the factor that links psoriatic disease and atherosclerosis, a key
hallmark on the onset of CVD.

Psoriatic disease is an immune mediated inflammatory disease. Research has found that mol-
ecules, such as cytokines, and cells involved in inflammation in psoriatic disease are also
involved in the development of CVD. This link shows a direct association between the two
diseases, and people living with psoriatic disease need to be aware of the increased risk of
developing CVD or experiencing a cardiovascular event (MACE).

Despite the lack of definitive understanding on what the triggers and mechanisms involved
in the onset of psoriatic disease are, in this

report we will mention the known pathways

that link the two diseases®"°. ‘ ‘

It all seems to start with a trigger that ac- . .

tivates the immune system in the skin and ~ With the understanding of

initiates the onset of psoriatic disease. This the cellular mechanisms
environment becomes rich in pro-inflam-

matory cytokines such as IL-17, IL-23, IFN, associated with systemic

TNF-a and many others. The presence in inflammation. it was POS-
high levels of these cytokines in turn pro- ’

motes the proliferation of keratinocyte (skin ~ Sible to uncover Specific

cells), resulting in thickening and scaling of molecules that are linked
the skin, and the expansion and differentia-

tion of T cells secreting TNF-a and IFN-y. to an increased risk for
- . , the development of CVD.
The initially local inflammation that starts

in the skin in individuals with severe psori-
atic disease can expand systemically. This
expansion can affect several organs in the
body, including the joints (associated with the development of psoriatic arthritis) or the endo-
thelium (the inner lining of the blood vessels). The changes in endothelial function and integ-
rity triggered by inflammation constitute the early steps in the process of plaque formation,
resulting in atherosclerosis. Atherosclerosis plaques are made of neutrophils, macrophages,
T-cells and platelets, pro-inflammatory molecules, extracellular matrix, lipids such as choles-
terol and low-density lipoprotein (LDL). With the understanding of the cellular mechanisms
associated with systemic inflammation, it was possible to uncover specific molecules that are
linked to an increased risk for the development of CVD. These molecules that can be found
in the blood, facilitating the monitoring of inflammation and, consequently, CVD risk stratifica-
tion. These are described below in the Biomarkers associated with CVD section.
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Atherosclerosis in the blood vessels is linked to an increase in the thickness of the carotid

intima-media layers, arterial stiffness, and coronary artery calcification, impairing vessel func-
tion 55,60—65.

The presence of pro-inflammatory cytokines in the body, such as IL-17, triggered by the psori-
atic lesions and their microenvironment, creates a perfect storm for the development of ath-
erosclerosis that increases the risk for CVD. Interestingly, GPP is characterized by a different
pro-inflammatory profile than psoriasis, but people living with GPP seem to also be at a high
risk for MACE. Despite the lack of studies in GPP in the possible association between the two
diseases, this finding may not be entirely surprising. Research has showed that IL-36, one of
the most important cytokines in GPP, is able to induce IL-17 and IL-23 expression, linked to
increase CVD risk®¢-68,

Moreover, psoriatic disease is also associated with ventricular hypertrophy (enlargement of
the muscle making it more difficult to pump blood), diastolic dysfunction (when the cardiac
muscle does not relax, affecting blood pumping), or reduced ejection fraction (how much
blood is pumped out of the heart with each heartbeat)®®’°, These changes can be assessed
by echocardiographic imaging, a simple and non-invasive technique that uses ultrasound to
visualize the heart and blood vessels. Monitoring the heart structure and cardiac function
should be used as a routine preventive assessment of risk for CVD in people living with pso-
riatic disease. This is particularly relevant for those with severe symptoms, as they are more
susceptible to experiencing a CVE.

THE ADDED BURDEN OF HYPERTENSION

Hypertension is a major cause of premature death worldwide. According to the World Health
Organization (WHO), it is estimated that 1.28 billion adults (aged 30-79) have hypertension
and around 46% of adults with hypertension do not know they have it. Moreover, only 1 in

5 adults with high blood pressure

have it under control.
‘ ‘ The widely prevalent hyperten-
. . sion is not only a comorbidity with
The Wldely prevalent hypertenSK)n direct effect on increasing the
is not only a comorbidity with direct CVD risk, but research has shown

. . . that psoriatic disease in itself has
effect on increasing the CVD risk, but 4 1gie in the onset of hyperten-

research has shown that psoriatic sion”. This shows that people
. .. . with psoriatic disease have an in-

disease in itself has a role in the creased risk for CVD and an add-

onset of hypertengion. ed burden to keep this risk low.
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To date, a large proportion of studies on hypertension have focused on the prevalence of this
comorbidity in psoriatic disease. These studies report that people with mild and severe pso-
riasis have between 30 and 50% higher risk for hypertension, respectively, when compared
to people without the disease. Moreover, the prevalence of hypertension correlates with the
duration of the disease’ and people with joint symp-
toms of psoriatic disease, psoriatic arthritis, have more

Risk for hypertension
than double the risk for developing hypertension”’>, P

/ US cohort \

Not only do people with psoriatic disease have an in-

creased likelihood of hypertension, but the disease is 2.07

also an added burden that hinders the maintenance 1.58

of normal blood pressure”. A study by Armstrong et

al showed that people with psoriatic disease are more )

likely to be on multiple anti-hypertensive therapies

than people with high blood pressure and no psori- in psoriasis  in psoriatic

atic disease’. The findings clearly show that people s

with psoriatic disease require a higher number of an- \_ J

ti-hypertensive medications to be able to control their
blood pressure.

A few studies have investigated the mechanisms
Psoriasis patients with that link psoriatic disease and hypertension. There
hypertension were: seems to be an association between key factors
important for both diseases. Hypertension-associ-
ated factors are expressed at high levels in people
with psoriatic disease, often associated with dis-
to be on a monotherapy antihyper- ease severity, suggesting a correlation between
tensive regimen the two. IL-17, one of the pro-inflammatory cyto-
kines involved with the onset of psoriatic disease,
has also been associated with Angiotensin ll-in-
duced hypertension’”’. Renin, a protein part of the
renin-angiotensin system, is found to be elevated
to be on dual antihypertensive in lesional skin of people with psoriatic disease’®,
therapy supporting the link between the two diseases. The
expression of the vasoconstrictor Endothelin-1 by
the endothelium and keratinocytes, important for
the regulation of blood pressure, is also higher in
: ) ) people with psoriatic disease’?®. Moreover, the

to be on triple anti-hypertensive
regimen increase in Endothelin-1 correlates with the sever-
ity of psoriatic disease’®. These findings show a
traceable signature for the onset of hypertension
in psoriatic disease, that consequently increases
the risk for CVD. Monitoring inflammation, Endo-
thelin-1 expression and blood pressure in people

to be on quadruple therapy or cen- . o . . .
trally acting agent with psoriatic disease are available and important

avenues to evaluate risk and prevent both hyper-
tension and CVD progression.
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BIOMARKERS ASSOCIATED WITH CVD

Biomarkers are molecules that can and are used to diagnose, monitor, and stratify disease
risk and outcomes. These biomarkers can be found, for example, in the blood, easily ac-
cessible for analysis. Because of the deeper understanding of the disease mechanisms of
psoriatic disease, key molecules associated with disease onset, progression or severity have
been identified. These biomarkers can
be used for early disease detection, in-
cluding evaluating the risk for the onset ‘ ‘
of comorbidities.

. Biomarkers are molecules that
Several biomarkers have been asso-
ciated with CVD. Some have already ~ Can and are used to diagnose,
been mentioned above, such as the  mGnjitor and stratify disease risk

pro-inflammatory cytokines involved in )
the onset and progression of psoriatic and outcomes. These biomarkers

disease and CVD TNF- g, ILA7. Other -9 ha found, for example, in the
important biomarkers are listed below. ) )
blood, easily accessible for

analysis.

C-reactive protein, or CRP, is a protein synthesized by hepatocytes (liver
cells) as a response to inflammation triggers, for example cytokines such
as IL-6%"#2, Studies have shown that CRP is a key mediator of atheroscle-
rosis, an essential step for the onset of CVD. Given its function, CRP is
one of the main markers of cardiovascular risk. For that reason, CRP and
CRP IL-6 are good biomarkers of inflammation and CVD risk stratification®#3, In
fact, CRP is one of the first markers used to predict CVD risk®, and used
as a parameter for some of the risk scores mentioned above. In psoriatic
disease, in alignment with the findings mentioned above, CRP is found at
significantly higher levels compared to controls, as high as 10x more’>#°,

GlycA is a signal that detects mobile glycan residues on plasma glyco-
proteins. Briefly, GlycA is a marker for inflammation and associated with
atherosclerosis. The signal is detected using FDG PET/CT tomography, an
advanced imaging technique routinely used to detect cancer, inflammation
and heart and brain activity and function. Research has shown a positive

GlycA and significant correlation between GlycA and CVD and CVE®®, Impor-
tantly, people with psoriatic disease also have significantly increased Gly-
cA compared to controls, associated with disease severity and increased
risk of CVD#. Even though FDG PET/CT tomography may be unavailable
for many, the findings support the monitoring of CVD risk in psoriatic dis-
ease by quantification of GlycA.

IFPA |Inside Psoriatic Disease: Cardiovascular Disease 15



CCL20

Neutrophils

Other molecules that can be used as biomarkers are CCL20 (chemokine
ligand 20) and homocysteine. CCL20 (chemokine ligand 20) is a proinflam-
matory cytokine detected in the blood and associated with vascular endo-
thelial inflammation®. Homocysteine is an amino acid that, when in high
concentration in the blood, is associated with an increased risk for CVD®%%
92, Analysis of CCL20 and homocysteine in people with psoriatic disease
showed higher levels of these molecules when compared to controls®3,

Neutrophils are cells from the innate immune system, the first line of de-
fense and part of the initial phase of inflammation. One of the neutrophils’
main roles is to detect and degrade pathogens. Neutrophils are found at
higher concentration at the psoriatic plaques and neutrophil markers are
also increased in the blood of people with psoriatic disease®°. The in-
crease in neutrophil blood markers is also seen in vascular inflammation,
showing a correlation between psoriatic disease and systemic inflamma-
tion. Neutrophils are one of the main sources of IL-17 56, one of the most
important cytokines associated with systemic inflammation in psoriatic dis-
ease. Moreover, neutrophils have also been linked to CVD, namely acute
coronary events®. These and other findings suggest that neutrophil mark-
ers and neutrophil-to-lymphocyte ratio can be used as tools to predict sys-
temic inflammation and atherosclerosis in people psoriatic disease®°,

As mentioned throughout this section, the analysis and quantification of several molecules,
most of them in the blood stream, can be used to assess the inflammation and risk for CVD in
people with psoriatic disease. Importantly, biomarkers can sometimes be detected before the
symptoms arise, which can have valuable implications in preventive care. Implementing rou-
tine checks of some of these molecules together with good psoriatic disease management
would be beneficial to early detection and intervention to prevent the onset of CVD.

16



{4

Implementing routine
checks of some of these
molecules together with
good psoriatic disease
management would be
beneficial to early detection
and intervention to prevent
the onset of CVD.
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Disease management and effect
on CVD risk

Depending on the severity of the psoriatic disease, different treatment options can be fol-
lowed. The first-tier treatment that can be considered is to follow a healthy lifestyle, that
includes eating healthily, exercising, and avoiding some behaviors that can make the dis-
ease worse, such as smoking or drinking excessively. In addition to this, active treatment
options, following health care advice, are available. These can range from phototherapy, top-
ical non-steroid or steroid treatments (containing molecules with anti-inflammatory action),
systemic therapies (orals or injectables such as DMARDs - disease modifying anti-rheumatic
drugs - and biologics, depending on the mode of action and therapeutic target).

When adequate treatment is given, it can improve not only the symptoms associated with
psoriatic disease but also those of the associated comorbidities. This secondary effect is
seen particularly with systemic non-light-based therapies. As an example, phototherapy does
not seem to have a significant impact on reducing the risk of CVD™".

Many studies have and are investigating the impact of treatments on changing the risk for

CVD. The findings point to different types of treatment having different outcomes on CVD.
Here, we will describe some of the main takeaways from the research done in the field.

18



DMARDs have different effects on the cardiovascular system. While some seem to have no
impact on or decrease the incidence of CVD and CVE, others increase the likelihood of devel-
oping CVD™"2%5, The increase in risk for some DMARDs, for example when taking cyclosporin,
is because it can impair renal function and cause hypertension or hyperlipidemia, risk factors
for CVD. On the contrary, methotrexate is a DMARD that decreases the risk for CVD, even
at low doses or in combination with other treatments. The risk was reported to decrease by
21% at a standard dose, and by 50% when prescribed at low doses'®. A possible explanation
given by the authors for this interesting fact

is that people taking methotrexate at higher

doses may have had a more severe form of

psoriatic disease or living with it for longer, ‘ ‘

which on its own increase the CVD risk. Other

studies reported similar reductions in the risk . . .
for CVD, between 20 and 47%°2m08 more.  EValuating the family history

over, methotrexate therapy resulted in a 63% for comorbidities such as
reduction in the levels of CRP, already men- . . ,
tioned in this report as being associated with CVD and the individual’s

CVD™. health beyond the symptoms

Similarly to DMARDs, biologics also have dif- associated with psoriatic

ferent effects on the risk of developing CVD. disease should be
Studies on IL-17 inhibitors seem to point to

this treatment having no impact on the risk of implemented on the

MACE 105. However, one study showed that guidelines for HCPs.
flow mediated dilation, an assessment for en-

dothelial function, is significantly improved

with anti-IL-17 treatment"°, suggesting a ben-

efit to the cardiovascular system. Results from treatment with IL-12/23 blockers are contradic-
tory. While some studies show no effect of treatment on the risk for MACE"2""2 others report
an increase in the risk for CVD, as high as twice that of the control group™®". Concerning
TNF-a blockers, research is aligned in showing they provide the best protection against CVE.
Several studies have shown a decrease in the risk for MACE and CVD in people taking TNF-a
blockers when compared to topicals and other systemics, such as methotrexate, different
classes of biologics or phototherapy®2'2"1 Moreover, a study by Wu et al showed treat-
ment with TNF-a blockers is associated with an 11% reduction in CV risk for every 6 months of
additional treatment 117. Anti-TNF therapies also seem to reduce inflammation™, slow down
atherosclerosis and coronary artery disease progression™2°, improve the flow mediated di-
lation™ and decrease the amount of GlycA, CRP, homocysteine, among other biomarkers8822,
These are important findings that show an improvement in the risk factors associated with
CVD.

The knowledge of how treatment designed towards improving psoriatic disease affects the
incidence of comorbidities is necessary and should be taken into account at the time of
prescription. Evaluating the family history for comorbidities such as CVD and the individual’s
health beyond the symptoms associated with psoriatic disease should be implemented on
the guidelines for HCPs.
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Recommendations for reducing
the risk of CVD in people with
psoriatic disease

Reducing the risk for CVD in people with psoriatic disease is of extreme importance. Working
groups such as that of EULAR (European League Against Rheumatism) have created a list
of principles and recommendations for CV risk management in people with rheumatoid dis-
eases, that include psoriatic arthritis™3. Implementing such recommendations into guidelines
can result in an improvement of
psoriatic disease and a decrease

in the incidence of CVD. This, in

turn, may decrease the burden

of disease and comorbidities for o . . .

those living with psoriatic disease  Psoriatic disease is an independent

and for the health care system. i1 factor for the onset of CVD. It is,

Here we present recommenda-  therefore, recommended that people

tions categorized by their intend- .. . T .

od audience. I|Y|ng with psoriatic disease have the
disease under control.
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Recommendations for people living with

psoriatic disease

As mentioned in this report, there are several factors that
increase the risk for CVD. Risk factors such as smoking,
bad eating habits and a sedentary lifestyle (low physical
activity) should be changed, and healthier habits should
be implemented. Unfortunately, there isn’'t a one-size fits
all approach for diet and active lifestyle. Nevertheless,
changes such as eating less processed foods and more
vegetables and fruits, and an increase in the number
or length of daily walks are good ways to start imple-
menting healthier behaviors.

Changes in lifestyle can help reduce the extra weight that
is prevalent in people with psoriatic disease. Overweight
and obesity seem to not only increase the severity of pso-
riatic disease™*'?¢, but also to increase the risk for other
comorbidities such as diabetes, high cholesterol, dyslipid-
emia, hypertension and others that, in turn, also increase
the risk for CVD. Several studies have shown that reduc-
tion in body weight was associated with an improvement
of psoriatic disease and its comorbidities™”'?8, In one study,
some individuals that experienced weight reduction were
able to stop taking systemic medication™.

In today’s world there is an overwhelming amount of infor-
mation and recommendations about diets, some that have
little to no scientific evidence of their potential benefits.
This type of information may not be beneficial to everyone.
At the same time, adopting dietary changes can be very
challenging as the access or affordability of fresh food is
limited in many countries or regions. These recommenda-
tions can be difficult to follow for many people, therefore
having support from trained professionals is very import-
ant.

Psoriatic disease is an independent risk factor for the on-
set of CVD. It is, therefore, recommended that people liv-
ing with psoriatic disease have the disease under control.
Avoid stress triggers, follow the treatment plan, find
support on family members and patient organizations,
are a few strategies that can be taken up.

IFPA |Inside Psoriatic Disease: Cardiovascular Disease

)

Q-

<

weight loss:

reducing PASI
and DLQI by

2 points each

Article from the
World Heart Federation
highlighting the impor-
tance of recognizing
obesity as one of the
main drivers of CVD
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Recommendations for health care
professionals (HCPs)

Discuss risks and
lifestyle changes

Implement routine

surveillance programs

One important way to engage people with
psoriatic disease is to discuss the details of
their disease, including the risks for develop-
ing other comorbidities and what can be done
to reduce such risks™. HCPs often mention
refraining from such conversations to avoid
causing discomfort or damaging the relation-
ship with their patient. However, people living
with psoriatic disease report wishing to be
able to discuss more about the disease, co-
morbidities, and how to best manage them
with their doctor.

Concerning changes in lifestyle, HCPs play
an important role in advising people with
psoriatic disease to choose to eat a healthi-
er diet, reduce smoking and alcohol intake, if
applicable, exercise regularly and be mindful
of their own mental health. Ideally, referral to
nutritionists, psychologists and physical thera-
pists would provide the personalized support
needed for people with psoriatic disease to
achieve their health goals.

Some treatments for psoriatic disease
increase the risk for CVD. Taking this
into consideration is essential when
prescribing such treatments to people
who may already have a predisposition
or increased risk for CVD. When the risk
factors are present, referral to a cardi-
ologist for specialized care may be
beneficial. Importantly, key preventive
drugs for heart disease do not seem to
have any negative effect on psoriatic
disease, such as statins®"*2. Increasing
monitoring becomes even more crucial
to ensure safety for those taking the
treatment.
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This report has listed the main tools and bio-
markers that can give insightinto the risk of de-
veloping CVD. Routine checks of cholesterol
(LDL and HDL) and glucose levels, blood pres-
sure and BMI (body mass index) are relatively
simple ways to monitor disease progression
and, by using risk calculation scores such as
the Framinghan Risk Score, the overall risk for
CVD™%° QOther methodologies, even though
more expensive and less available in a clinical
setting, can be used to evaluate the risk for
CVD. Some can be monitored by blood tests,
such as CRP or IL-17, and others using ultra-
sound such as carotid intima-media stiffness
or coronary artery calcification. An accurate
monitoring of disease progression would help
make informed decisions concerning disease
management and treatment.

@,

CVD comorbidity affects
people with psoriatic disease
in several life dimensions:

CVD results in significant lower
mental and physical well-being,
higher impact on work productivity
and general activity.

It is also associated with more re-
source use, including 1.9 more
HCP visits in the 6 months prior to
the survey. Likewise, ER visits and
hospitalizations were two to three
times greater for the CV comorbid-

ity group.



Recommendations to policymakers

Improve access and

quality of care

Psoriatic disease and CVD are associated
with a significant burden for those living with
these diseases. CVD still is the number one
killer worldwide, therefore the need for bet-
ter prevention and care for CVD globally is
urgent. The proven association between pso-
riatic disease and CVD reinforces the need
for the implementation and investment in
multidisciplinary care. This would include pri-
mary care doctors, dermatologists, rheuma-
tologists, cardiologists, psychologists, nutri-
tionists, physical therapists and others. Better
care and support for those living with psoriatic
disease in managing the disease and the as-
sociated comorbidities such as CVD, reduc-
ing the incidence, the burden and associated
costs should be prioritized.

In alignment with the World Heart Federation,
in this report we reinforce the call to action
from policy makers to, for example, increase
the implementation of CVD prevention and
care units in primary healthcare settings.

Facilitate the access

to advanced therapies

Research has shown that treatment, in partic-
ular some systemic therapies, reduce the risk
of CVD. Access to the most adequate treat-
ments that not only improve psoriatic disease
but also the well-being of those being treated
as well as reducing the risk for other comor-
bidities should be a priority.
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World Heart Federation
State of the heart
cardiovascular
diseases report

Increase awareness of

psoriatic disease and
associated comorbidities

There is still an overwhelming need to
disseminate information about psoriat-
ic disease and the increased risk for co-
morbidities. Awareness can facilitate the
adoption of changes in lifestyle and care
that reduces the incidence of such co-
morbidities. Awareness and education
campaigns should be disseminated and
readily available, for example, in primary
care facilities.

Implement compulsory

education and training
for HCPs

The knowledge on psoriatic disease is contin-
uously being updated. The same is valid for
the understanding of the impact of psoriatic
disease in other diseases. For those reasons,
there is an urgent need for HCPs that care for
people with psoriatic disease to be updated
on the latest knowledge about the disease,
treatment options and how these affect the
risk for comorbidities. Complement training
with guidelines for easy access to information
would also be beneficial.
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Conclusions

There is an unequivocal link between psoriatic disease and CVD, that is
stronger the more severe psoriatic disease is. When local inflammation, be-
lieved to be the first trigger for the onset of psoriatic disease, expands sys-
temically and settles in the cardiovascular system, it can trigger the onset
of CVD and increase the risk for CVE. Importantly, good psoriatic disease
management, including effective treatment, can reduce systemic inflamma-
tion and, consequently, the risk for CVD.

Reducing the incidence of CVD in psoriatic disease is a shared responsibil-
ity between people living with the disease, who should follow a healthy life-
style, the HCPs, who should explain the risks for comorbidities and provide
support, and the policymakers, who should create and implement the infra-
structures and guidelines for adequate disease management. By engaging
and uniting people living with psoriatic disease, healthcare providers, and
policymakers we aim to influence healthcare policies, promote integrated
care strategies and ensure that screening for comorbidities becomes a
standard practice.

In addressing the dual health challenge of psoriatic disease and CVD, we
can improve outcomes, enhance quality of life, and reduce the long-term
burden of these interconnected conditions.



IFPA

Inside Psoriatic Disease: Cardiovascular Disease

25



1. Branisteanu, D. E. et al. Cardiovascular
comorbidities in psoriasis. 23, (2022).

2. Favarato, M. H. et al. Hypertension and
diabetes significantly enhance the risk of
cardiovascular disease in patients with
psoriatic arthritis. Clin. Exp. Rheumatol. 32,
182-187 (2014).

3. Ma, C., Harskamp, C. T., Armstrong, E. J.
& Armstrong, A. W. The association between
psoriasis and dyslipidaemia: a systematic
review: Psoriasis and dyslipidaemia. Br. J.
Dermatol. 168, 486—495 (2013).

4. Takeshita, J. et al. Psoriasis and comorbid
diseases. J Am. Acad. Dermatol. 76, 377—-
390 (2017).

5. Yeung, H. et al. Psoriasis Severity and the
Prevalence of Major Medical Comorbidity:

A Population-Based Study. JAMA Dermatol.
149, 1173 (2013).

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

7. Gladman, D. D. et al. Cardiovascular mor-
bidity in psoriatic arthritis. Ann. Rheum. Dis.
68, 1131-1135 (2009).

8. Jung, K. J. et al. Increased risk of ath-
erosclerotic cardiovascular disease among
patients with psoriasis in Korea: A 15-year
nationwide population-based cohort study. J.
Dermatol. 46, 859-866 (2019).

9. Kaye, J. A, Li, L. & Jick, S. S. Incidence of
risk factors for myocardial infarction and oth-
er vascular diseases in patients with psoria-

sis. Br. J. Dermatol. 159, 895-902 (2008).

26

References



10. Li, W.-Q. et al. Psoriasis and risk of non-
fatal cardiovascular disease in U.S. women:
a cohort study: Nonfatal CVD in women
with psoriasis. Br. J. Dermatol. 166, 811-818
(2012).

1. Miller, I. M., Ellervik, C., Yazdanyar, S. &
Jemec, G. B. E. Meta-analysis of psoriasis,
cardiovascular disease, and associated risk
factors. J. Am. Acad. Dermatol. 69, 1014—
1024 (2013).

12. Karbach, S. et al. Impact of Psoriasis on
Mortality Rate and Outcome in Myocardial
Infarction. J. Am. Heart Assoc. 9, e016956
(2020).

13. Ahlehoff, O. et al. Psoriasis is associated
with clinically significant cardiovascular risk:
a Danish nationwide cohort study. J. Intern.
Med. 270, 147-157 (2010).

14. Charlton, R. et al. Risk of type 2 diabetes
and cardiovascular disease in an incident
cohort of people with psoriatic arthritis: a
population-based cohort study. Rheumatolo-
gy 58, 144-148 (2019).

15. Li, L. et al. Rates of Cardiovascular
Disease and Major Adverse Cardiovascular
Events in Patients With Psoriatic Arthritis
Compared to Patients Without Psoriatic
Arthritis: JCR J. Clin. Rheumatol. 21, 405-410
(2015).

16. Wu, C., Yu, C,, Yang, Y. & Jin, H. Heart
failure in erythrodermic psoriasis: a retro-
spective study of 225 patients. Front. Car-
diovasc. Med. 10, 1169474 (2023).

17. Ohn, J., Choi, Y.-G,, Yun, J. & Jo, S. J.
Identifying patients with deteriorating gener-
alized pustular psoriasis: Development of a
prediction model. J. Dermatol. 49, 675—-681
(2022).

IFPA |Inside Psoriatic Disease: Cardiovascular Disease

18. Egeberg, A. et al. Family history predicts
major adverse cardiovascular events (MACE)
in young adults with psoriasis. J. Am. Acad.
Dermatol. 75, 340-346 (2016).

19. Gelfand, J. M. et al. The Risk of Stroke in
Patients with Psoriasis. J. Invest. Dermatol.
129, 2411-2418 (2009).

20. Ahlehoff, O. et al. Psoriasis and risk

of atrial fibrillation and ischaemic stroke: a
Danish Nationwide Cohort Study. Eur. Heart
J. 33, 2054-2064 (2012).

21. Gelfand, J. M. et al. Risk of Myocardial
Infarction in Patients With Psoriasis.

22. Mehta, N. N. et al. Patients with severe
psoriasis are at increased risk of cardiovas-
cular mortality: cohort study using the Gen-
eral Practice Research Database. Eur. Heart
J. 31,1000-1006 (2010).

23. Egeberg, A. et al. The relationship be-
tween duration of psoriasis, vascular inflam-
mation, and cardiovascular events. J. Am.
Acad. Dermatol. 77, 650-656.e3 (2017).

24. Henseler, T. & Christophers, E. Psoriasis
of early and late onset: Characterization of
two types of psoriasis vulgaris. J. Am. Acad.
Dermatol. 13, 450—-456 (1985).

25. Szczerkowska-Dobosz, A., Szczerkows-
ka, W. P. & Roszkiewicz, J. Psoriasis vulgaris
with the early and late onset--HLA pheno-
type correlations. Arch Immunol Ther Exp
44, 265-269 (1996).

26. Allen, M. H. et al. The Major Psoriasis
Susceptibility Locus PSORS1 Is not a Risk
Factor for Late-Onset Psoriasis. J. Invest.

Dermatol. 124, 103-106 (2005).

27



27. Lu, Y. et al. Association of Cardiovas-
cular and Metabolic Disease Genes with
Psoriasis. J. Invest. Dermatol. 133, 836—839
(2013).

28. Huang, Y.-W. & Tsai, T.-F. HLA-Cw1 and
Psoriasis. Am. J. Clin. Dermatol. 22, 339-347
(2021).

29. Patrick, M. T. et al. Shared genetic risk
factors and causal association between
psoriasis and coronary artery disease. Nat.
Commun. 13, 6565 (2022).

30. Piaserico, S., Orlando, G. & Messina, F.
Psoriasis and Cardiometabolic Diseases:
Shared Genetic and Molecular Pathways. Int.
J. Mol. Sci. 23, 9063 (2022).

31. Hippisley-Cox, J. et al. Derivation and
validation of QRISK, a new cardiovascular
disease risk score for the United Kingdom:
prospective open cohort study. BMJ 335,
136 (2007).

32. Conroy, R. Estimation of ten-year risk of
fatal cardiovascular disease in Europe: the
SCORE project. Eur. Heart J. 24, 987-1003
(2003).

33. Giampaoli, S. CUORE: a sustainable car-
diovascular disease prevention strategy. Eur.
Soc. Cardiol. 14, 161-162 (2007).

34. Palmieri, L. et al. CUORE project: im-
plementation of the 10-year risk score. Eur.
J. Cardiovasc. Prev. Rehabil. 18, 642—-649
(2011).

35. Goff, D. C. et al. 2013 ACC/AHA Guide-
line on the Assessment of Cardiovascular
Risk. J. Am. Coll. Cardiol. 63, 2935-2959
(2014).

28

36. Kawada, T. Reynolds Risk Score as a
Risk Assessment Tool for Cardiovascular
Disease After 10 Years: Its Strong Relation-
ship With Blood Pressure. J. Clin. Hypertens.
14, 571-572 (2012).

37. Ridker, P. M., Buring, J. E., Rifai, N. &
Cook, N. R. Development and Validation of
Improved Algorithms for the Assessment of
Global Cardiovascular Risk in Women: The
Reynolds Risk Score. JAMA 297, 611 (2007).

38. Dawber, T. R, Meadors, G. F. & Moore, F.
E. Epidemiological Approaches to Heart Dis-
ease: The Framingham Study. Am. J. Public
Health Nations Health 41, 279-286 (1951).

39. Kannel, W. B., McGee, D. & Gordon, T.

A general cardiovascular risk profile: The
Framingham study. Am. J. Cardiol. 38, 46—-51
(1976).

40. Eichler, K., Puhan, M. A., Steurer, J. &
Bachmann, L. M. Prediction of first coronary
events with the Framingham score: A sys-
tematic review. Am. Heart J. 153, 722-731.e8
(2007).

41. Chia, Y. C,, Gray, S. Y. W, Ching, S. M,,
Lim, H. M. & Chinna, K. Validation of the
Framingham general cardiovascular risk
score in a multiethnic Asian population: a
retrospective cohort study. BMJ Open 5,
e007324 (2015).

42. Kasim, S. S. et al. Validation of the gen-
eral Framingham Risk Score (FRS), SCORE2,
revised PCE and WHO CVD risk scores in an
Asian population. Lancet Reg. Health - West.
Pac. 35,100742 (2023).

43. Choi, J. et al. SCORE and SCORE2 in
East Asian Population. JACC Asia 4, 265—
274 (2024).



44. Eder, L., Chandran, V. & Gladman, D. D.
The Framingham Risk Score underestimates
the extent of subclinical atherosclerosis in
patients with psoriatic disease. Ann. Rheum.
Dis. 73, 1990-1996 (2014).

45. Galarza-Delgado, D. A. et al. Cardiovas-
cular risk reclassification according to six
cardiovascular risk algorithms and carotid
ultrasound in psoriatic arthritis patients. Clin.
Rheumatol. 41, 1413-1420 (2021).

46. Hughes, D. M., Coronado, J. I. C., Schof-
ield, P, Yiu, Z. Z. N. & Zhao, S. S. The predic-
tive accuracy of cardiovascular disease risk
prediction tools in inflammatory arthritis and
psoriasis: an observational validation study
using the Clinical Practice Research Datalink.
Rheumatology kead610 (2023) doi:101093/
rheumatology/kead610.

47 Kommoss, K. S. et al. Cardiovascular
comorbidity in psoriasis — psoriatic inflam-
mation is more than just skin deep. JDDG J.
Dtsch. Dermatol. Ges. 21, 718-725 (2023).

48. Navarini, L. et al. Performances of five
risk algorithms in predicting cardiovascular
events in patients with Psoriatic Arthritis:
An ltalian bicentric study. PLOS ONE 13,
€0205506 (2018).

49. Martinez-Vidal, M. P. & Fernandez-Car-
ballido, C. Is the SCORE chart underesti-
mating the real cardiovascular (CV) risk of
patients with psoriatic arthritis? Prevalence
of subclinical CV disease detected by carot-
id ultrasound. Joint Bone Spine 85, 327-332
(2018).

50. Shen, J. et al. Underestimation of Risk
of Carotid Subclinical Atherosclerosis by
Cardiovascular Risk Scores in Patients with
Psoriatic Arthritis. J. Rheumatol. 45, 218—-226
(2018).

IFPA |Inside Psoriatic Disease: Cardiovascular Disease

51. Benhadou, F., Mintoff, D. & del Marmol,
V. Psoriasis: Keratinocytes or Immune Cells
— Which Is the Trigger? Dermatology 235,
91-100 (2019).

52. Boehncke, W.-H. Systemic Inflammation
and Cardiovascular Comorbidity in Psoriasis
Patients: Causes and Consequences. Front.
Immunol. 9, 579 (2018).

53. Davidovici, B. B. et al. Psoriasis and
Systemic Inflammatory Diseases: Potential
Mechanistic Links between Skin Disease
and Co-Morbid Conditions. J. Invest. Derma-
tol. 130, 1785-1796 (2010).

54. Doumas, M., Katsiki, N. & Papademetri-
ou, V. Psoriasis and Cardiovascular Disease:
Two Sides of the Same Coin? Angiology 69,
5-9 (2018).

55. Haberka, M. et al. Mild to moderate
psoriasis is associated with oxidative stress,
subclinical atherosclerosis, and endotheli-
al dysfunction. Pol. Arch. Intern. Med. 128,
(2018).

56. Lin, A. M. et al. Mast Cells and Neu-
trophils Release IL-17 through Extracellular
Trap Formation in Psoriasis. J. Immunol. 187,
490-500 (2011).

57. Lockshin, B., Balagula, Y. & Merola, J. F.
Interleukin 17, inflammation, and cardiovas-
cular risk in patients with psoriasis. J. Am.
Acad. Dermatol. 79, 345-352 (2018).

58. Orlando, G. et al. Psoriasis and Cardio-
vascular Diseases: An Immune-Mediated
Cross Talk? Front. Immunol. 13, 868277
(2022).

59. Sajja, A. P, Joshi, A. A., Teague, H. L.,
Dey, A. K. & Mehta, N. N. Potential Immuno-
logical Links Between Psoriasis and Cardio-
vascular Disease. Front. Immunol. 9, 1234
(2018).

29



60. Banska-Kisiel, K. et al. Carotid inti-
ma-media thickness in patients with mild or
moderate psoriasis. Adv Dermatol Allergol
XXXIII, 286—-289 (2016).

61. Eder, L. et al. Subclinical Atherosclerosis
in Psoriatic Arthritis: A Case-Control Study. J.
Rheumatol. 35, 877-882 (2008).

62. Eder, L. & Gladman, D. D. Atherosclero-
sis in psoriatic disease: latest evidence and
clinical implications. Ther. Adv. Musculoskel-
et. Dis. 7,187-195 (2015).

63. Fang, N., Jiang, M. & Fan, Y. Association
Between Psoriasis and Subclinical Athero-
sclerosis: A Meta-Analysis. Medicine (Balti-
more) 95, 3576 (2016).

64. Gisondi, P. et al. Chronic Plaque Pso-
riasis Is Associated with Increased Arterial
Stiffness. Dermatology 218, 110-113 (2009).

65. Ludwig, R. J. et al. Psoriasis: a possi-
ble risk factor for development of coronary
artery calcification. Br. J. Dermatol. 156,
271-276 (2007).

66. Bridgewood, C. et al. IL-36y Is a Strong
Inducer of IL-23 in Psoriatic Cells and Acti-
vates Angiogenesis. Front. Immunol. 9, 200
(2018).

67. Carrier, Y. et al. Inter-Regulation of Th17
Cytokines and the IL-36 Cytokines In Vitro
and In Vivo: Implications in Psoriasis Patho-
genesis. J. Invest. Dermatol. 131, 2428-2437
(20M).

68. Sommerfeld, S. D. et al. Interleukin-36y—
producing macrophages drive IL-17-mediat-

ed fibrosis. Sci. Immunol. 4, eaax4783 (2019).

30

69. Biyik, I, Narin, A., Bozok, M. & Ergene,
O. Echocardiographic and Clinical Abnor-
malities in Patients with Psoriasis. J. Int. Med.
Res. 34, 632—-639 (2006).

70. Milaniuk, S., Pietrzak, A., Mosiewicz, B.,
Mosiewicz, J. & Reich, K. Influence of psoria-
sis on circulatory system function assessed
in echocardiography. Arch. Dermatol. Res.
307, 855-861(2015).

71. Armstrong, A. W., Harskamp, C. & Arm-

strong, E. J. The association between psori-
asis and hypertension: a systematic review
and meta-analysis of observational studies.
J. Hypertens. 31, 433-443 (2013).

72. Cohen, A. D., Weitzman, D. & Dreiher,
J. Psoriasis and Hypertension: A Case-Con-
trol Study. Acta Derm. Venereol. 90, 23-26
(2010).

73. Takeshita, J. et al. Effect of Psoriasis
Severity on Hypertension Control: A Popu-
lation-Based Study in the United Kingdom.
JAMA Dermatol. 151, 161 (2015).

74. Ma, L., Li, M., Wang, H., Li, Y. & Bai,

B. High prevalence of cardiovascular risk
factors in patients with moderate or severe
psoriasis in northern China. Arch. Dermatol.
Res. 306, 247-251(2014).

75. Tam, L.-S. et al. Cardiovascular risk pro-
file of patients with psoriatic arthritis com-
pared to controls--the role of inflammation.
Rheumatology 47, 718—723 (2008).

76. Armstrong, A. W,, Lin, S. W., Chambers,
C. J.,, Sockolov, M. E. & Chin, D. L. Psoriasis
and Hypertension Severity: Results from a
Case-Control Study. PLoS ONE 6, 18227
(2011).



77. Madhur, M. S. et al. Interleukin 17 Pro-
motes Angiotensin ll-Induced Hypertension
and Vascular Dysfunction. Hypertension 55,
500-507 (2010).

78. Sudrez-Farifias, M. et al. Expanding the
Psoriasis Disease Profile: Interrogation of
the Skin and Serum of Patients with Moder-
ate-to-Severe Psoriasis. J. Invest. Dermatol.
132, 2552-2564 (2012).

79. Bonifati, C. et al. Endothelin-1 levels are
increased in sera and lesional skin extracts
of psoriatic patients and correlate with
disease severity. Acta Derm. Venereol. 78,
22-26 (1998).

80. Schiffrin, E. L. Role of endothelin-1in
hypertension and vascular disease. Am. J.
Hypertens. 14, (2001).

81. Ridker, P. M. From C-Reactive Protein to
Interleukin-6 to Interleukin-1: Moving Up-
stream To ldentify Novel Targets for Athero-
protection. Circ. Res. 118, 145-156 (2016).

82. Shrivastava, A. K., Singh, H. V., Raizada,
A. & Singh, S. K. C-reactive protein, inflam-
mation and coronary heart disease. Egypt.
Heart J. 67, 89-97 (2015).

83. Bermudez, E. A, Rifai, N., Buring, J.,
Manson, J. E. & Ridker, P. M. Interrelation-
ships Among Circulating Interleukin-6,
C-Reactive Protein, and Traditional Cardio-
vascular Risk Factors in Women. Arterioscler.
Thromb. Vasc. Biol. 22, 1668-1673 (2002).

84. Koenig, W. et al. C-Reactive Protein, a
Sensitive Marker of Inflammation, Predicts
Future Risk of Coronary Heart Disease in
Initially Healthy Middle-Aged Men: Results
From the MONICA (Monitoring Trends and
Determinants in Cardiovascular Disease)
Augsburg Cohort Study, 1984 to 1992. Circu-
lation 99, 237-242 (1999).

IFPA |Inside Psoriatic Disease: Cardiovascular Disease

85. Gulati, A. M. et al. On the HUNT for
cardiovascular risk factors and disease

in patients with psoriatic arthritis: popula-
tion-based data from the Nord-Trgndelag
Health Study. Ann. Rheum. Dis. 75, 819-824
(2016).

86. Connelly, M. A., Otvos, J. D., Shalauro-
va, |, Playford, M. P. & Mehta, N. N. GlycA,
a novel biomarker of systemic inflammation
and cardiovascular disease risk. J. Transl.
Med. 15, (2017).

87. Otvos, J. D. et al. GlycA: a composite
nuclear magnetic resonance biomarker
of systemic inflammation. Clin. Chem. 61,
714-723 (2015).

88. Joshi, A. A. et al. GlycA Is a Novel Bio-
marker of Inflammation and Subclinical Car-
diovascular Disease in Psoriasis. Circ. Res.
119, 1242-1253 (2016).

89. Elnabawi, Y. A. et al. CCL20 in psoriasis:
A potential biomarker of disease severity,
inflammation, and impaired vascular health.
J. Am. Acad. Dermatol. 84, 913-920 (2021).

90. Boushey, C. J., Beresford, S. A., Os-
menn, G. S. & Motulsky, A. G. A Quantitative
Assessment of Plasma Homocysteine as a
Risk Factor for Vascular Disease. JAMA 274,
1049-1057 (1995).

91. Ozkan, Y., Ozkan, E. & Simsek, B. Plasma
total homocysteine and cysteine levels as

cardiovascular risk factors in coronary heart
disease. Int. J. Cardiol. 82, 269-277 (2002).

92. Vanizor Kural, B. et al. Plasma homocys-
teine and its relationships with atherothrom-
botic markers in psoriatic patients. Clin.
Chim. Acta 332, 23-30 (2003).

31



93. Malerba, M. et al. Plasma homocysteine
and folate levels in patients with chronic
plaque psoriasis: Hyperhomocysteinaemia
and psoriasis. Br. J. Dermatol. 155, 1165-1169
(2006).

94. Kvist-Hansen, A. et al. Neutrophil Path-
ways of Inflammation Characterize the Blood
Transcriptomic Signature of Patients with
Psoriasis and Cardiovascular Disease. Int. J.
Mol. Sci. 22, 10818 (2021).

95. Naik, H. B. et al. The Severity of Pso-
riasis Associates with Aortic Vascular In-
flammation Detected by FDG PET/CT and
Neutrophil Activation in a Prospective Ob-
servational Study. (2016).

96. Naruko, T. et al. Neutrophil Infiltration
of Culprit Lesions in Acute Coronary Syn-
dromes. Circulation 106, 2894—-2900 (2002).

97. Balta, I., Balta, S., Demirkol, S., Ozturk, C.
& Celik, T. Neutrophil-to-Lymphocyte Ratio
May Predict Subclinical Atherosclerosis in
Patients with Psoriasis. Echocardiography
31, 1166-1167 (2014).

98. Dey, A. K. et al. Association of neutro-
phil-to-lymphocyte ratio with non-calcified
coronary artery burden in psoriasis: Find-
ings from an observational cohort study. J.
Cardiovasc. Comput. Tomogr. 15, 372-379
(2021).

99. Paliogiannis, P. et al. Associations be-
tween the neutrophil-to-lymphocyte and the
platelet-to-lymphocyte ratios and the pres-
ence and severity of psoriasis: a systematic
review and meta-analysis. Clin. Exp. Med. 19,
37-45 (2019).

100. Yurtdas, M. et al. Neutrophil-to-lympho-
cyte ratio may predict subclinical atheroscle-
rosis in patients with psoriasis. Echocardiog-
raphy 31, 1095-1104 (2014).

32

101. Sigurdardottir, G., Ekman, A.-K., Stahle,
M., Bivik, C. & Enerbdck, C. Systemic treat-
ment and narrowband ultraviolet B differ-
entially affect cardiovascular risk markers in
psoriasis. J Am Acad Dermatol 70, 1067—
1075 (2014).

102. Ahlehoff, O. et al. Cardiovascular out-
comes 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
(2015).

103. Hu, S. & Lan, C.-C. E. Psoriasis and
Cardiovascular Comorbidities: Focusing on
Severe Vascular Events, Cardiovascular Risk
Factors and Implications for Treatment. Int. J.
Mol. Sci. 18, 2211 (2017).

104. Hugh, J. et al. 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 (2014).

105. Pina Vegas, L. et al. Risk of major
adverse cardiovascular events in patients
initiating biologics/apremilast for psoriatic
arthritis: a nationwide cohort study. Rheuma-
tology 61, 1589-1599 (2022).

106. Prodanowich, S. et al. Methotrexate
reduces incidence of vascular diseases in
veterans with psoriasis or rheumatoid ar-
thritis. J Am. Acad. Dermatol. 52, 262-267
(2005).

107. Ahlehoff, O. et al. Cardiovascular dis-
ease event rates in patients with severe pso-
riasis treated with systemic anti-inflammatory
drugs: a Danish real-world cohort study. J.
Intern. Med. 273, 197-204 (2013).



108. Micha, R. et al. Systematic Review and
Meta-Analysis of Methotrexate Use and Risk
of Cardiovascular Disease. Am. J. Cardiol.
108, 1362-1370 (2011).

109. Dessein, P. H., Joffe, B. |. & Stanwix, A.
E. Effects of disease modifying agents and
dietary intervention on insulin resistance and
dyslipidemia in inflammatory arthritis: a pilot
study. Arthritis Res. Ther. 4, R12 (2002).

110. Von Stebut, E. et al. Impact of Secuk-
inumab on Endothelial Dysfunction and
Other Cardiovascular Disease Parameters in
Psoriasis Patients over 52 Weeks. J. Invest.
Dermatol. 139, 1054-1062 (2019).

111. Lee, M. P. et al. Association of Usteki-
numab vs TNF Inhibitor Therapy With Risk of
Atrial Fibrillation and Cardiovascular Events
in Patients With Psoriasis or Psoriatic Arthri-
tis. JAMA Dermatol. 155, 700-707 (2019).

12. Savage, L. J., Wittmann, M., McGona-
gle, D. & Helliwell, P. S. Ustekinumab in the
Treatment of Psoriasis and Psoriatic Arthritis.
Rheumatol. Ther. 2, 1-16 (2015).

113. Gordon, K. B. et al. A Phase Ill, Random-
ized, Controlled Trial of the Fully Human IL-
12/23 mAb Briakinumab in Moderate-to-Se-
vere Psoriasis. J. Invest. Dermatol. 132,
304-314 (2012).

114. Caiazzo, G. et al. Psoriasis, Cardiovas-
cular Events, and Biologics: Lights and Shad-
ows. Front. Immunol. 9, 1668 (2018).

115. Wu, J. J. et al. The risk of cardiovascular
events in psoriasis patients treated with tu-
mor necrosis factor—a inhibitors versus pho-
totherapy: An observational cohort study. J.
Am. Acad. Dermatol. 79, 60-68 (2018).

IFPA |Inside Psoriatic Disease: Cardiovascular Disease

16. Wu, J. J. et al. Anti-inflammatory therapy
with tumour necrosis factor inhibitors is as-
sociated with reduced risk of major adverse
cardiovascular events in psoriasis. J. Eur.
Acad. Dermatol. Venereol. 32, 1320-1326
(2018).

117. Wu, J. J. et al. Cardiovascular event risk
assessment in psoriasis patients treated with
tumor necrosis factor-a inhibitors versus
methotrexate. J Am. Acad. Dermatol. 76,
81-90 (2017).

118. Dey, A. K. et al. Association Between
Skin and Aortic Vascular Inflammation in
Patients With Psoriasis: A Case-Cohort Study
Using Positron Emission Tomography/Com-
puted Tomography. JAMA Cardiol. 2, 1013
(2017).

119. Eder, L. et al. Association of Tumor Ne-
crosis Factor Inhibitor Treatment With Re-
duced Indices of Subclinical Atherosclerosis
in Patients With Psoriatic Disease. Arthritis
Rheumatol. 70, 408-416 (2018).

120. Hijuler, K. F. et al. Association Be-
tween Changes in Coronary Artery Disease
Progression and Treatment With Biologic
Agents for Severe Psoriasis. JAMA Derma-
tol. 152, 1114 (2016).

121. Mazzoccoli, G. et al. Anti-tumor necrosis
factor-a therapy and changes of flow-medi-
ated vasodilatation in psoriatic and rheuma-
toid arthritis patients. Intern. Emerg. Med. 5,
495-500 (2010).

122. Sattar, N. et al. Effects of Tumor Necro-
sis Factor Blockade on Cardiovascular Risk
Factors in Psoriatic Arthritis. Arthritis Rheu-
matol. 56, 831-839 (2007).

33



123. Agca, R. et al. EULAR recommenda-
tions for cardiovascular disease risk man-
agement in patients with rheumatoid arthritis
and other forms of inflammatory joint disor-
ders: 2015/2016 update. Ann. Rheum. Dis.
76, 17-28 (2017).

124. Murray, M. L., Bergstresser, P. R,
Adams-Huet, B. & Cohen, J. B. Relation-

ship of psoriasis severity to obesity using
same-gender siblings as controls for obesity.
Clin Exp Dermatol 34, 140-144 (2009).

125. Naldi, L. et al. Cigarette Smoking, Body
Mass Index, and Stressful Life Events as Risk
Factors for Psoriasis: Results from an Italian
Case—Control Study. J. Invest. Dermatol.
125, 61-67 (2005).

126. Wolk, K. et al. Excessive Body Weight
and Smoking Associates with a High Risk of
Onset of Plaque Psoriasis. Acta Derm. Vene-
reol. 89, 492-497 (2009).

127. Farias, M. M., Achurra, P., Boza, C.,
Vega, A. & de la Cruz, C. Psoriasis follow-
ing bariatric surgery: clinical evolution and
impact on quality of life on 10 patients. Obes
Surg 22, 877-880 (2012).

128. Jensen, P. et al. Effect of Weight Loss
on the Severity of Psoriasis: A Randomized
Clinical Study. JAMA Dermatol. 149, 795
(2013).

129. Elmets, C. A. et al. Joint AAD-NPF
guidelines of care for the management and
treatment of psoriasis with awareness and
attention to comorbidities. J. Am. Acad. Der-
matol. 80, 1073-1113 (2019).

130. Palmer, V., Cornier, M., Waring, A. &
Valdebran, M. Evaluation and treatment of
metabolic syndrome and cardiovascular
disease in adult patients with psoriasis. Int. J.
Dermatol. 62, 1437-1446 (2023).

34

131. Lerman, J. B. et al. Coronary Plaque
Characterization in Psoriasis Reveals High-
Risk Features That Improve After Treatment
in a Prospective Observational Study. Circu-
lation 136, 263-276 (2017).

132. Mehta, H. et al. Cardiovascular Consid-
erations and Implications for Treatment in
Psoriasis: An Updated Review. Vasc. Health
Risk Manag. Volume 20, 215-229 (2024).



IFPA

Inside Psoriatic Disease: Cardiovascular Disease

35



IFPA

GLOBAL LEADER IN FIGHTING
PSORIATIC DISEASE

Slottsbacken 8
111 30 Stockholm

ifpa-pso.com

info@ifpa-pso.com

X] (©) ] @psoriasisIFPA




