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Abstract

Psoriasis mainly affects the skin and joints and has serious impacts on the physical,

emotional, and financial life of patients. Recent studies have demonstrated that other

comorbidities are frequently detected in psoriatic patients. A strong association with

the development of cardiovascular diseases, such as hypertension, myocardial infarc-

tion, and stroke is responsible for the shortened (by 4.5-5 years) life expectancy of

severe psoriatic patients. Systemic inflammation plays an important role in the inter-

relationship between psoriasis and atherosclerotic plaque formation, which is a com-

mon immunopathogenic pathway that explains the multiorgan involvement in

psoriasis. As far life-threatening cardiovascular diseases are very often symptom-free,

the treating dermatologist's responsibility is to initiate interdisciplinary holistic

patient care, which may lead to directly saved patients' lives. Holistic care of severe

psoriatic patients should include regular cardiac monitoring using cardiovascular

imaging modalities and functional testing to detect even subclinical coronary artery

disease. Effective anti-inflammatory treatment with biologic therapies may have ben-

eficial effects on the cardiovascular state and may reduce the incidence of cardiac

events. The authors review the latest findings on the shared immunopathogenic

background of psoriasis and cardiovascular diseases and discuss the available data

about the cardiovascular responses to the currently used biologic treatments.
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1 | INTRODUCTION

Psoriasis is a chronic, immune-mediated autoinflammatory disorder

that affects approximately 2% to 3% of the population worldwide.1

Psoriasis represents a serious burden for patients, has skin and poten-

tially joint manifestations (arthritis psoriatica) and is associated with

several cardiovascular comorbidities.2

Psoriasis and cardiovascular diseases (CVDs) share a common

self-reinforcing immunopathogenic pathway, providing possible expla-

nations for their cooccurrence. Environmental factors associated with

genetic predisposition (PSORS 1-9 genes) lead to cytokine and T cell

recruitment.3 Th1 cell-produced tumor necrosis factor-α (TNF-α),

interferon-γ (IFN-γ), and interleukin (IL)-12 have been thought to have

pivotal roles in psoriatic development, inducing keratinocytes to pro-

duce proinflammatory IL-6, -8, and -12, as well as TNF-α. IL-23/Th17

axis-produced cytokines are now considered central proteins (IL-17A-

IL-17F). IL-17A and IL-17F recruit neutrophils, induce keratinocyte

proliferation through IL-22 expression, and with IFN-γ enhance

keratinocytes to produce proinflammatory cytokines, thus leading to

increases in T cells in the skin.4 In the “psoriatic march” systemic

inflammation has an effect on the vasculature, increasing the risk of

CVDs.5 Cardiac involvement may shorten life expectancy by 4.5 to

5 years.6,7 Anti-psoriatic treatments, which target common cytokines,

might improve not only skin and joint manifestations, but also sys-

temic atherosclerosis.

The aim of this review is to describe the available data about the

immunopathogenic link between psoriasis and CVDs and the effect of

the currently used biologic therapies in the cardiovascular system.

2 | IMMUNOPATHOGENIC LINK BETWEEN
PSORIASIS AND ATHEROSCLEROSIS

CVD is the leading cause of mortality worldwide (16.7 million deaths/

year).8

The five key steps in the atherosclerotic pathomechanism are:

endothelial dysfunction, lipid layer/fatty streak formation within

the intima and media, leukocyte and smooth cell migration into the

vessel wall, foam cell formation, and extracellular matrix degrada-

tion. In coronary atherosclerosis, plaque formation progressively

narrows the artery lumen and causes stable coronary artery dis-

ease (CAD) or results in acute coronary syndrome (ACS) due to

plaque rupture or erosion and sudden intracoronary thrombus

formation.

The psoriatic and atherosclerotic processes are interconnected

through several biochemical pathways, including elevated oxidative

stress (OS), endothelial dysfunction, monocyte and neutrophil modu-

lation, T cell activation (Th1 and Th17 cells), increased expression of

endothelins, adhesion molecules, increased angiogenesis, and hyp-

ercoagulability.9,10 Th1 cell-produced TNF-α and IFN-γ are responsi-

ble for plaque growth, while Th17 cell-produced IL-17A is

responsible for plaque vulnerability with intraplaque angiogenesis

and hemorrhage. Th1 and Th17 cells impair the function of Treg cells;

therefore, low levels of cardioprotective IL-10 and transforming

growth factor-β (TGF-β) can be measured.10 The IL-23R

rs6682925T/C polymorphism and inheritance of the HLA, FUT2,

UBE2L3, and SH2B3 gene variants increase the risk of major adverse

cardiovascular events (MACE) in psoriasis.11,12 IL-1β, IL-6, and high-

sensitivity C-reactive protein (hs-CRP) are involved in the pathogen-

esis of both psoriasis and atherosclerosis.13 The canakinumab anti-

inflammatory thrombosis outcome study (CANTOS) showed that

canakinumab (an anti-IL-1β antibody) therapy has decreased inflam-

mation (IL-6 and hs-CRP levels) and the risk of MACEs.14 Monocyte

chemoattractant protein-1 (MCP-1) and macrophage-derived che-

mokine (MDC) are known biomarkers of atherosclerotic CVD

(ASCVD) and are significantly elevated in psoriasis.15 Inflammation

affects the oxidation states of high-density lipoprotein (HDL) and

low-density lipoprotein (LDL) and transforms cardioprotective HDL

to oxHDL (oxidized-HDL). This transformation results in an athero-

genic profile with decreased cholesterol efflux ability. OxLDL (oxi-

dized-LDL) plays an important role in the atherosclerotic plaque

formation.16

Severe psoriasis increases the risk of MACE within 10 years by

6.2% compared to that of the average population.17 The risk of MI is

3-fold higher in psoriatic patients than in healthy individuals.18

3 | MONITORING ATHEROSCLEROSIS IN
PSORIASIS

Commonly available imaging tests are suitable for detecting subclinical

atherosclerosis (SA) in psoriatic patients.

Carotid intima media thickness (cIMT) is a potential indicator of

SA and can be measured by ultrasound. Psoriatic patients have sig-

nificantly increased cIMTs.19 Femoral IMT (fIMT) is more informative

and has a stronger association with CAD than cIMT based on

autopsy studies. A recent investigation showed a significantly higher

prevalence of femoral plaques in psoriatic patients than in controls,

and the prevalence was 2-fold higher than carotid plaque

prevalence.20

Flow-mediated dilatation (FMD) is a potential marker of endothe-

lial dysfunction and SA and is measured by ultrasound. Psoriasis cau-

ses significant impairments in the FMD.21

Vascular ultrasound examinations are reproducible, inexpensive,

noninvasive, and based on nonionizing radiation. Therefore, these

examinations are perfectly suitable for cardiovascular screening to

evaluate the state of the vasculature and monitor changes induced

by the applied therapy. If an adverse CVD state is detected (interme-

diate risk category), we may consider performing CT angiogra-

phy (CTA).
18F-fluoro-deoxyglucose (FDG)-positron emission tomography

(PET)/computed tomography (CT) is a novel, highly sensitive proce-

dure to evaluate vascular inflammation. SA can be identified through

aortic uptake of 18FDG by PET/CT and aortic wall thickness measure-

ment by magnetic resonance imaging (MRI). In psoriasis increased aor-

tic vascular uptake of 18F-FDG can be measured.22
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Epicardial adipose tissue (EAT) can be measured by native CT,

MRI, and transthoracic echocardiography (TTE).23 Previous studies

have documented a strong association between EAT, obesity, and

ASCVD, including CAD.24,25 EAT thickness was compared between

psoriatic patients and age-sex-body mass index-matched healthy indi-

viduals with no history of CVD. EAT and hs-CRP levels were signifi-

cantly higher in psoriatic patients and correlated with disease

severity.26

The perivascular fat attenuation index (FAI) is a noninvasive

marker of the early stage of coronary atherosclerosis. Abnormal peri-

vascular FAI indicates a 6-to-9-fold increased risk of MACE.27 Novel

anti-inflammatory therapies could also reduce coronary inflammation

in more advanced stages of psoriasis and thus could possibly inhibit

plaque progression.

Coronary CTA is a reliable, noninvasive method to detect

obstructive or nonobsturctive CAD. CTA can describe the presence,

severity, and extent of CAD. For asymptomatic patients, noncontrast

CT imaging is acceptable to quantify calcified atherosclerotic plaque

burden. The higher the CACS, the greater the risk of MACE.28 Psoria-

sis is associated with an increased CACS and elevated noncalcified

and total plaque burdens on CTA. Additionally, growing body of evi-

dence suggests that systemic anti-psoriatic treatment can simulta-

neously improve disease severity and coronary plaque burden.

4 | IMMUNOPATHOGENIC LINK BETWEEN
PSORIASIS AND HYPERTENSION

Hypertension is more common among psoriatic patients than non-

psoriatic patients. The incidence of newly diagnosed hypertension in

psoriasis is 94.3/1000 patient-years (control: 80.6/1000 patient-

years).29 Hypertension has well-known consequences, including MI,

transient ischemic attack, stroke, and hypertensive crisis.30

The need for the parallel use of 3 to 4 types of antihypertensive

drugs is 16.5 to 19.9 times higher than that of nonpsoriatic hypertonic

controls.31

In the shared pathogenesis of psoriasis and hypertension, differ-

ent dysregulated pathways can be discussed. It is known that meta-

bolic syndrome is highly prevalent in psoriatic patients. Adipose tissue

is increased around not only the organs but also the vessel walls and

is the source of angiotensinogen. Through enzymatic steps,

angiotensinogen is converted to angiotensin II, which is responsible

for salt retention and stimulates the differentiation of Th17 cells,

which produce IL-17, the main cytokine associated with the patho-

genesis of hypertension through vascular dysfunction.10 Perivascular

fat is also a robust niche for macrophages and activated T cells.

Figure 1 shows the comprehensive immunopathogenic link

between psoriasis and cardiovascular diseases.

F IGURE 1 Comprehensive immunopathogenic link between psoriasis and cardiovascular diseases

PIROS ET AL. 3 of 7



5 | THE EFFECTS OF BIOLOGIC ANTI-
PSORIATIC TREATMENTS ON
CARDIOVASCULAR MORBIDITY

5.1 | Anti-TNF-α

The FDA-approved TNF-α inhibitors (etanercept, infliximab,

adalimumab, and certolizumab-pegol) were the most widespread sys-

temic anti-psoriatic drugs in the recent decade for the treatment of

moderate-to-severe psoriasis. Several studies showed no increased

risk of CVD during anti-TNF-α therapy.32,33 Anti-TNF-α therapies

reduce serum levels of CRP, VCAM-1, ICAM-1, E-selectin, IL-8,

MMP-9, MPO, MCP-1, and tPAI-1, thus reducing the risk of athero-

sclerosis.34,35 Several studies revealed significant differences in vascu-

lar inflammation during therapy. Our previous study measured carotid

and brachial IMT before the initiation of anti-TNF-α therapy and

6 months later. The majority of patients had increased IMT levels

compared to those of age-adjusted normal healthy controls. Signifi-

cantly reduced IMT levels were observed in the younger cohort of

patients.19,36 Anti-TNF-α also induced significant differences in FMD

after treatment compared to the baseline state.37 The hyperaemia-

peripheral arterial tonometry index (RHI) was measured before the

first and third infliximab infusions. Only therapeutic nonresponders

showed decreased RHI values before the third infusion compared to

that of the initiation state. This value can be a predictor of the long-

term, not preferred effect of infliximab.38 Arterial stiffness and wave

reflections predict CVEs and can be determined by arterial (carotid

[c]) pulse wave velocity (PWV). Adalimumab therapy significantly

improved cPWV values after 6 months of therapy.39 Vascular

inflammation was assessed by 18FDG-PET/CT and showed improve-

ments after 1 year of therapy.40

In contrast, some studies did not find significant differences in

vascular inflammation or the cIMT during therapy.41,42

5.2 | Anti-IL-12/23

The FDA-approved anti-IL-12/23 treatment is ustekinumab. The literature

is conflicting about its effects on CVDs. Ustekinumab ameliorated myocar-

dial function and coronary effects. After 4 months of therapy, the GLS, LV

twist, coronary flow reserve (CFR), malondyaldehide, and NT-proBNP

levels (OS biomarkers) improved by 25%, 27%, 14%, 27%, and 26%,

respectively. The PWV and AIx were also improved.43 Ustekinumab

showed beneficial effects on the CACS compared to that of the controls.44

18FDG-PET/CT imaging showed improved glucose up-take and decreased

inflammatory biomarker levels.45 The classic conception about the psoriatic

pathological mechanism was associated with the IL-12/Th1 pathway.

Now, this idea has been revised and places IFN-γ in the early steps of psori-

atic development. The currentmodel is based on the IL-23/Th17 axis.46

5.3 | Anti-IL-17

Ixekizumab is a humanized IgG4 monoclonal antibody (mAb),

secukinumab is a fully human mAb, and brodalumab is a human anti-

IL17RA mAb that blocks IL17RA, 17A/F, and 17E. In the 52-week-

long CARIMA (evaluation of cardiovascular risk markers in psoriasis

patients treated with secukinumab) study, brachial artery FMD was

TABLE 1 Summary of available clinical data about cardiovascular effects of biologic therapies based on cardiovascular imaging modalities

Biologic drug Molecule CV imaging technique Detected feature References

TNF-α inhibitor Etanercept, infliximab, adalimumab Ultrasound Brachial and/or carotid IMT 19,36

Etanercept, infliximab Ultrasound Brachial FMD 37

adalimumab Ultrasound cPWV 39

Infliximab, etanercept, adalimumab,

golimumab, or certolizumab

18FDG-PET/CT Vascular inflammation 40

IL-12/23 inhibitor Ustekinumab Echocardiography GLS, LV twist, coronary

flow reserve (CFR), PWV,

and AIx

43

CTA CACS 44

18FDG-PET/CT Vascular inflammation 45

IL-17 inhibitor Secukinumab Ultrasound Brachial FMD 47

Secukinumab, ixekizumab CCTA FAI 27

Secukinumab, ixekizumab CCTA Plaque burden 48

Secukinumab Echocardiography GLS, GLSR, GLSR at early diastole,

LV twist, CFR, PWV

49

Secukinumab (case study) CTA Resolved coronary constriction and interruption 50

Abbreviations: Aix, augmentation index; CACS, calcium score; CCTA, coronary computed tomography angiography; CFR, coronary flow reserve; cPWV,

carotid pulse wave velocity; CTA, computed tomography angiography; FAI, perivascular fat attenuation index; 18FDG-PET/CT,18F-fluoro-deoxyglucose-

positron emission tomography/computed tomography; FMD, flow-mediated dilatation; GLS, global longitudinal strain; GLSR, global longitudinal strain rate;

IL, interleukin; IMT, intima media thickness; LV twist, left ventricular twist; PWV, pulse wave velocity; TNF-α, Tumor Necrosis Factor-alfa.
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measured among moderate-to-severe psoriatic patients. Significant

FMD improvements were observed compared to those at baseline. A

1% FMD increase indicated a 13% CVE risk decrease.47 A prospective

cohort study compared the effect of biologic therapy (anti-TNF-α,

anti-IL-12/23, and anti-IL-17) to topical/phototherapy among psori-

atic patients with a low Framingham risk score (median: 3%). CCTA

was performed before the therapy initiation and 1 year later. Anti-IL-

17 therapy induced a significant decrease in the FAI from −71.22HU

to-76.09HU, which was a 6.8% improvement (P < .001). The improve-

ment was increased in the anti-IL-17 group.27 In another study, coro-

nary plaques in psoriatic patients with low Framingham risk scores

(median: 3%) were assessed by CTA before and 1 year after biologic

therapy (anti-TNF-α, anti-IL-12/23, and anti-IL-17) or topical/photo-

therapy. The decrease in all plaques was 5% in patients receiving bio-

logic therapy, and the improvement was greater (6%) in noncalcified

plaques. Anti-IL-17 therapy resulted in the greatest (12%) improve-

ments.48 Secukinumab improved left ventricular function (LVF) and

decreased OS. LVF in response to three different anti-psoriatic drugs

(MTX, cyclosporine, and secukinumab) was assesses by Doppler echo-

cardiography before treatment and 4 and 12 months later. After

1 year, secukinumab showed the greatest improvement in the GLS,

GLSR, GLSR at early diastole, LV twist, CFR, and PWV (14%, 41%,

28%, 19%, and 11%) compared to those of the two other treatments.

Malondialdehyde and protein carbonyl levels were only decreased in

response to anti-IL-17 treatment.49 In a Japanese case study on a

64-year-old man who had had psoriasis for 40 years, CTA-controlled

coronary constriction and interruption showed significant improve-

ments during 2 years of secukinumab treatment with unchanged anti-

hypertensive and statin treatment.50

5.4 | Anti-IL-23

IL-23 inhibitors are the latest anti-psoriatic drugs. Guselkumab is a

human IgG1λ mAb, while tildrakizumab is a humanized IgG1 κ mAb

against the IL-23 p19 subunit. The latest anti-IL-23 drugs are

mirikizumab (human mAb) and risankizumab (humanized mAb). The

only available data regarding anti-IL-23 and cardiovascular com-

orbidities are adverse event reporting from clinical studies.

Table 1 shows the summary of available clinical data about car-

diovascular effects of biologic therapies based on cardiovascular imag-

ing modalities.

6 | CONCLUSION

Systemic inflammation promotes cardiovascular comorbidities and sig-

nificantly limits life expectancy. The latest data support that effective

systemic anti-inflammatory treatment improves not only cutaneous

manifestations but also the incidence and severity of comorbidities,

including CAD. Novel biologic therapies may show beneficial effects

on CVEs by blocking pathogenically important, commonly targeted

cytokines. Prospective studies on the prognostic value of biological

therapies for CVEs could further improve multidisciplinary care for

psoriatic patients. Real-world data with large populations are needed

to estimate the long-term cardiovascular effects of these treatments.

There is also a need to specifically describe the patient group of

moderate-to-severe psoriatic patients who are in need of further car-

diology care and screening. Dermatologists in the everyday practice

are rarely in the situation to save lives. Focusing on the possible car-

diovascular complications in severe psoriatic patients -which is the

responsibility also of the treating dermatologist- may change this, and

can lead to directly saved patient-years, worldwide.

Dermatologists should expand their knowledge about the cardio-

vascular burden and the possible noninvasive investigative modalities

during a dermatologist initialized interdisciplinary holistic patient care.

Ultrasound and CT imaging can identify SA and facilitate the use of

preventative therapies for those at increased risk.
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