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Abstract

Introduction Endothelial dysfunction is an early precursor of atherosclerosis and is common in
patients with psoriasis, presumably primarily due to psoriasis-related inflammation. We investi-
gated endothelial function, arterial stiffness, and circulating markers of endothelial activation in
young patients with psoriasis vulgaris of varying severity, all of whom were effectively treated
achieving PASI 90.

Methods We conducted a cross-sectional study of 80 patients (54 men/26 women, 3045 years)
who were effectively treated with topical therapy, methotrexate, adalimumab, secukinumab or
guselkumab, and 20 healthy controls. Endothelial dysfunction was measured by flow-mediated dila-
tion and arterial stiffness was measured by pulse wave velocity and common carotid artery stiff-
ness. The following circulating biomarkers of endothelial activation were measured: ICAM-I,
VCAM-I, E- and P-selectin, GDF-15, and TRAIL.

Results Endothelial function and arterial stiffness parameters did not differ between patients with
effectively treated psoriasis and the control group. Circulating endothelial activation biomarkers
did not show relevant differences between the groups of effectively treated patients or controls.
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Discussion Although cardiovascular disease is the leading cause of morbidity and mortality in
patients with psoriasis, effective antipsoriatic treatment appears to slow the progression of athero-
sclerosis, even when there are cardiovascular risk factors, such as smoking or obesity. This may
suggest that antipsoriatic treatment exerts a cardioprotective effect.

Conclusions Our results suggest that early and effective treatment of varying-severity
psoriasis vulgaris in young patients appears to prevent arterial dysfunction related to psoriasis
and consequent cardiovascular risk.

The study is registered at http:/clinicaltrials.gov (identifier: NCT05957120).
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Introduction

Psoriasis is a chronic systemic immune-mediated disease that affects 2-3% of the popu-
lation." Tt is associated with several comorbidities, of which cardiovascular disease is the
most common and the main cause of mortality and morbidity in these patients. Psoriasis is
an independent risk factor for cardiovascular disease."” In addition to the increased
prevalence of traditional cardiovascular risk factors, chronic inflammation is probably
the main driver of accelerated atherosclerosis in psoriasis patients.> Systemic inflamma-
tion activates and alters the endothelium, leading to endothelial dysfunction, a first step in
atherosclerosis.® Activated endothelial cells then further secrete pro-inflammatory cyto-
kines, creating a vicious cycle.®

There are numerous therapies available for the treatment of patients with psoriasis
which are very effective in clearing skin lesions in most patients." However, it is not
yet known whether this visible improvement is also accompanied by an improvement
in systemic inflammation. In view of the increased cardiovascular burden in psoriasis,
biologic therapies targeting interrelated cytokines of psoriasis and atherosclerosis are
of particular interest. These cytokines include tumor necrosis factor-a (TNF-a), interleu-
kin (IL)-17, and IL-23.* These three cytokines have been shown to affect endothelial
function through one of three main mechanisms — by exacerbating inflammation by
stimulating the synthesis of other pro-inflammatory cytokines such as IL-1 and IL-6,
by stimulating the expression of adhesion molecules such as endothelial intercellular
adhesion molecule 1 ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), endothe-
lial cell selectin (E-selectin) and platelet selectin (P-selectin), which facilitate adhesion of
leukocytes to the endothelium and thereby promote inflammation, and by impairing syn-
thesis of nitric oxide, which is a key factor in maintaining vascular tone and preventing
atherosclerosis.*> In vitro, IL-17 alone has been shown to have minimal effects on endo-
thelial activation, while co-existing TNF-a and IL-17 act synergistically to induce endo-
thelial activation, which then sustains and enhances neutrophil influx.® Although these
biologic therapies target specific cytokines, they affect not only the primary cytokine,
but also others in the downstream immune cascade."” This broader effect on the dysre-
gulated immune system in psoriasis suggests that biologic therapies can also affect arter-
ial function by reducing the overall inflammatory burden and inhibiting the synergistic
effects of multiple pro-inflammatory cytokines.
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It is particularly interesting to investigate whether endothelial dysfunction is already
present in young patients with psoriasis who are effectively treated. Endothelial dysfunc-
tion is known to be common in patients with psoriasis, but it is not yet known whether
effective treatment can stop its development. If this is the case, the concept of early, rapid
and complete skin clearing could also be useful in preventing the development and progres-
sion of atherosclerosis. Endothelial function can be measured as flow-mediated dilation
(FMD) and by measuring circulating biomarkers of endothelial activation, such as soluble
adhesion molecules ICAM-1, VCAM-1, E-selectin and P-selectin) and others, such as
growth differentiation factor 15 (GDF-15) and TNF-related apoptosis inducing ligand
(TRAIL).*'° Furthermore, measurement of arterial stiffness, which reflects the morphology
of the arterial wall and is strongly influenced by endothelial cell function, could provide
important information about the overall early dysfunction of the arterial wall.®

The aim of our study was to investigate arterial function, that is, endothelial function
and arterial stiffness, as well as circulating biomarkers of endothelial activation, in young
patients with psoriasis with varying degrees of severity of psoriasis, but who were all
effectively treated to achieve at least Psoriasis Area and Severity Index (PASI)11 90
and were in the stable phase of the disease. With such a selection of patients, we could
determine whether arterial function (compared to controls without psoriasis of the
same age and sex) is altered in these patients and whether there are differences
between different therapies. We studied and compared five groups of patients treated
with topical therapy, methotrexate, with TNF-a inhibitor adalimumab, the interleukin
(IL)-17 inhibitor secukinumab, or with the IL-23 inhibitor guselkumab, and controls
without psoriasis of the same age and sex.

Materials and methods
Study population and design

We conducted a cross-sectional study of 80 patients (54 men and 26 women) with psor-
iasis vulgaris and 20 healthy control subjects, of the same age and sex (11 men and 9
women) at the Dermatology Outpatient Clinic, Department of Dermatovenerology,
University Medical Centre Ljubljana, Ljubljana, Slovenia. We recruited consecutive
patients who were effectively treated with topical therapy (n=21), methotrexate (n=
11), adalimumab (n = 14), secukinumab (n = 14) or guselkumab (n =20). 12 Both patients
and physicians had to be satisfied with the response to treatment and did not plan to
change treatment. The recruitment of participants lasted from March 2022 to
December 2023. The efficacy of the treatment was defined by the Psoriasis Area
Severity Score (PASI). Treatment was rated excellent in 99% of patients (PASI< 3)
and good in 1% of patients (PASI 3-7). All participants met the following inclusion cri-
teria: diagnosis of psoriasis, age between 30 and 45 years, effective treatment with topical
therapy, methotrexate, adalimumab, secukinumab or guselkumab, and stable psoriasis for
at least 6 months. Exclusion criteria were previous cardiovascular events, type 1 or type 2
diabetes, menopause, pregnancy or breastfeeding, psoriatic arthritis or other chronic
inflammatory diseases, and any other treatments in addition to treatment of psoriasis.
Healthy control subjects aged 30 to 45 years were included with the same exclusion
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criteria. All participants voluntarily participated in this study and gave their informed
written consent. The study was approved by the Slovenian National Medical Ethics
Committee (approval number 0120-422/2021/6). The study is registered at http:/
clinicaltrials.gov (ClinicalTrials.gov Identifier: NCT05957120). The reporting of this
study conforms to STROBE guidelines.® All methods were carried out in accordance
with the Declaration of Helsinki of 1975 as revised in 2013.

Study protocol

During the study visit, a complete medical history was taken and a complete medical exam-
ination was performed on each study participant including the duration of psoriasis, the dur-
ation of treatment, and the smoking status. Each participant’s anthropometric
measurements (weight, height, and waist circumference), systolic and diastolic blood pres-
sure, and heart rate were determined. Arterial function was evaluated by measuring endo-
thelial function (FMD of the brachial artery) and measurements of arterial stiffness (carotid
artery pulse wave velocity (cPWV) and common carotid artery stiffness (f-stiffness)).
Furthermore, fasting blood samples were drawn from the antecubital vein of each partici-
pant according to the standard procedure and collected in vacuum tubes.

Endothelial dysfunction

Endothelial dysfunction was measured as FMD of the brachial artery. FMD of the bra-
chial artery was assessed according to the guidelines.'* Measurements were performed
after 10 min of rest. Participants were in the supine position with the right hand extended.
The diameter of the right brachial artery was continuously monitored and recorded 5-10
cm above the antecubital fossa. After recording the baseline brachial artery diameter for
1 min, the blood pressure cuff on the right forearm was inflated to 50 mmHg above sys-
tolic pressure for 4 min to induce arterial occlusion. The cuff was then rapidly deflated to
produce reactive hyperemia, and the brachial artery diameter was recorded for a further
3 min. The ultrasound device continuously measured the brachial artery diameter
throughout the procedure and automatically calculated the FMD value. The FMD
value was expressed as the percentage change in brachial artery diameter from baseline
to diameter after reactive hyperemia at the end of the measurement.

Arterial stiffness

Arterial stiffness was determined by carotid artery PWV and common carotid artery
B-stiffness measurements. These measurements were performed in the supine position
with the head elevated approximately 45° and tilted 30° to the left. The Aloka ultrasound
machine automatically analyzed the pulse waves to determine the stiffness parameters.
The echo tracker cursor was placed on the anterior and posterior wall approximately
1.5-2 cm proximal to the bifurcation of the common carotid artery. Pressure waveforms
were obtained non-invasively from changes in arterial diameter and calibrated using sys-
tolic blood pressure values. The device then automatically calculated the PWV and
[B-stiffness of the carotid artery at the end of the measurement.
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Laboratory methods

Fasting blood samples were obtained from each participant by venipuncture according to
the standard procedure and collected in 4 mL vacuum tubes containing clot activator. The
serum was prepared by centrifugation at 2000 X g for 20 min. The serum was promptly
aliquoted after centrifugation and stored at<-70 °C until analysis. Serum levels of
ICAM-1, VCAM-1, E- and P-selectin, GDF-15 and TRAIL were measured with
xMAPO technology using magnetic beads coupled with specific antibodies (all R&D
Systems, USA) on a MagPix instrument (Luminex Corporation, USA).

Sample size calculation and statistical analysis

The sample size was calculated considering that the normal values in our laboratory for
healthy subjects are 7.0 +/- 0.9% for FMD and 5.2 +/- 0.9 m/s for PWV and the clinically
relevant difference is 1.0% for FMD and 1.0 m/s for PWV with power =80 and o 0.05,
which requires 13 patients in each group. Statistical analyses were performed using R
software (version 4.2.2) and IBM SPSS Statistics 28. Due to the non-normal distribution
of the data and the presence of outliers, the characteristics of the patients were represented
by group medians and interquartile ranges. The non-parametric Kruskal-Wallis test was
used to test the null hypothesis that the medians of the populations are the same. Fisher’s
exact test was used to determine whether a significant relationship exists between two cat-
egorical variables. To determine whether subclinical atherosclerosis markers varied by
type of psoriasis treatment, Quade’s nonparametric ANCOVA test was used, with sys-
tolic blood pressure and age included as covariates in the model. In cases where
ANCOVA yielded significant results, pairwise comparisons were performed using
Fisher’s least significant difference method (LSD). As this method does not sufficiently
control the type I error rate, the Benjamini-Hochberg correction was subsequently
applied. In addition to the main analyses, we calculated the partial eta squared (11%) to
measure the effect size in the ANCOVA, where values of 0.01, 0.06 and 0.14 are consid-
ered small, medium and large effect sizes, respectively.

Results

The characteristics of the patients are presented in Table 1. Of the included patients, 37%
were smokers and 65% had a high body mass index (BMI) and waist circumference,
while in the control group 30% were smokers and 40% had a high BMI and waist circum-
ference. The groups differed from each other in duration of psoriasis, duration of treat-
ment, BMI, waist circumference, PASI, and body surface area (BSA). There were no
statistically significant differences in endothelial function measured by FMD in the 5
psoriasis groups compared to each other and compared to the control group, as shown
in Figure 1. There were no statistically significant differences in arterial stiffness mea-
sured by PWV and f-stiffness in the 5 psoriasis groups compared to each other and com-
pared to the control group, as shown in Figure 2. Most of the selected circulating
biomarkers of endothelial activation ICAM-1, VCAM-1, E-selectin) or subclinical ath-
erosclerosis (TRAIL) showed consistent changes compared to controls or different
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Figure I. FMD measured endothelial function in the 5 groups of patients with psoriasis and the
control group. FMD, flow-mediated dilation; GUS, guselkumab; SEC, secukinumab; ADA,
adalimumab; MTX, methotrexate; TOP, topical therapy; CG, control group. Quade’s ANCOVA
was performed, and when the result was statistically significant (P <0.05), an LSD post hoc test
with Benjamini-Hochberg correction was conducted. Only statistically significant pairs are shown
in the figure.

treatment modalities, as shown in Figures 3 and 4. On the other hand, there was a statis-
tically significant increase in E-selectin in the secukinumab group compared to the
control group. Furthermore, GDF-15 was higher in the methotrexate group compared
to all other treatment groups and the control, but we did not find a significant difference
between the other groups and the control. The correlation matrix in Figure 5 also shows
correlations between arterial function, selected circulating endothelial activation biomar-
kers, demographic data of the patients, and anthropometric measurements. In the patient
groups, BMI and waist circumference were positively correlated with PWV, TRAIL, and
E-selectin. Additionally, FMD was negatively correlated with TRAIL and GDF-15.

Discussion

The most important finding of our study is that there were no significant differences in
endothelial function between effectively treated young (30 to 45-year-old) patients
with psoriasis and healthy controls of the same age and sex. Furthermore, there were
no differences in endothelial function between patients with psoriasis treated with
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Figure 2. Arterial stiffness measured by B-stiffness and PWV in all 5 groups of psoriasis patients
and control group. PWYV, pulse wave velocity; GUS, guselkumab; SEC, secukinumab; ADA,
adalimumab; MTX, methotrexate; TOP, topical therapy; CG, control group. Quade’s ANCOVA
was performed, and when the result was statistically significant (P <0.05), an LSD post hoc test
with Benjamini-Hochberg correction was conducted. Only statistically significant pairs are shown
in the figure.

different therapies (topical therapy, methotrexate, adalimumab, secukinumab, and
guselkumab). We found similar results for arterial stiffness, which was expected, as
these two are considered dynamically related.'> Overall, these results support the hypoth-
esis that achieving complete or near-complete skin clearance is associated with endothe-
lial function comparable to that of the control group, regardless of the therapy used.
Applied to clinical practice, this could mean that complete or near-complete clearance
of skin lesions appears to be an important preventive measure for arterial dysfunction
(subclinical atherosclerosis) and the prevention of atherosclerosis and cardiovascular
disease in psoriasis. Most circulating biomarkers of endothelial activation also did not
show a convincing degree of endothelial activation. However, GDF-15 was significantly



Merzel Sabovi¢ et al. 9

Figure 3. Circulating biomarkers of endothelial activation (ICAM-I, VCAM-I, E- and P-selectin)
in all 5 groups of psoriasis patients and control group. ICAM-1, intercellular adhesion molecule-1;
VCAM-1, vascular cell adhesion molecule-1; E-selectin, endothelial selectin; P-selectin, platelet
selectin; GUS, guselkumab; SEC, secukinumab; ADA, adalimumab; MTX, methotrexate; TOP,
topical therapy; CG, control group. Quade’s ANCOVA was performed, and when the result was
statistically significant (P <0.05), an LSD post hoc test with Benjamini-Hochberg correction was
conducted. Only statistically significant pairs are shown in the figure.

higher in the methotrexate group suggesting a lower attenuation of inflammatory burden,
and E-selectin was significantly higher in the secukinumab group compared to controls.
However, this did not appear to have a significant effect on the functional and morpho-
logical properties of the arteries.

We selected the five treatments (topical therapy, methotrexate, adalimumab, secukinu-
mab and guselkumab) because they were the most widely used therapies for psoriasis in
Slovenia. Moreover, the last three are human monoclonal antibodies and are involved in
the pathogenesis of atherosclerosis through clinical studies or hypothesized mechan-
isms.'®!7 These treatment groups also indirectly reflect the severity of psoriasis, with
milder cases effectively treated with topical therapy and moderate to severe cases with
methotrexate or biologic therapy. We selected an age range of 30 to 45 years to ensure
that the patients had psoriasis long enough to affect the endothelium, while also minim-
izing the presence of cardiovascular risk factors that require treatment, such as arterial
hypertension or the effects of menopause. Furthermore, a large study of healthy subjects
has shown that endothelial function declines significantly after age 45, even in the
absence of cardiovascular risk factors,'? leading us to exclude potential older participants.

Endothelial dysfunction is considered a crucial early event in the development of ath-
erosclerosis.'® Various factors, including circulating pro-inflammatory cytokines and
traditional cardiovascular risk factors, activate endothelial cells directly and indirectly,
resulting in altered endothelial function. This leads to impaired arterial relaxation, pro-
thrombotic state, increased leukocyte adhesion, increased endothelial permeability, and
remodeling of the arterial wall.'” In addition, lifestyle factors such as smoking, an
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Figure 4. Circulating biomarkers of subclinical atherosclerosis (GDF-15 and TRAIL) in all 5
groups of psoriasis patients and control group. GDF-15, growth differentiation factor 15; TRAIL,
tumor necrosis factor-related apoptosis-inducing ligand; GUS, guselkumab; SEC, secukinumab;
ADA, adalimumab; MTX, methotrexate; TOP, topical therapy; CG, control group. Quade’s
ANCOVA was performed, and when the result was statistically significant (P <0.05), an LSD post
hoc test with Benjamini-Hochberg correction was conducted. Only statistically significant pairs are

shown in the figure.

unhealthy diet high in fats and sugars, visceral obesity, and lack of physical activity have
been shown to have a negative impact on endothelial function.? Smoking, for example,
directly affects endothelial function by reducing nitric oxide.*' In addition to all these
factors, which are common in patients with psoriasis, several studies have shown that
endothelial dysfunction is altered in patients with psoriasis, especially in the most
severe forms due to systemic inflammation.?*~>*

Nevertheless, there are no comprehensive data on how systemic inflammation and
antipsoriatic treatment affect endothelial function in patients with psoriasis. It is quite
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Figure 5. The correlation matrix shows the Spearman coefficients are shown for the control
group (left) and for the psoriasis patients (right). Only significant correlations are shown, others
are omitted from the matrix (0:=0.05). BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; FMD, flow-mediated dilation; PWYV, pulse wave velocity; ICAM-1,
intercellular adhesion molecule-1; VCAM-I, vascular cell adhesion molecule-1; TRAIL, tumor
necrosis factor related apoptosis-inducing ligand; GDF-15, growth differentiation factor 15;
E-selectin, endothelial selectin; P-selectin, platelet selectin.

possible that predominantly inflammation-related endothelial dysfunction behaves differ-
ently from non-inflammation-related endothelial dysfunction. To this end, we measured
and compared endothelial function in young patients with psoriasis who were exposed
to psoriasis-related inflammation that was presumably resolved with effective antipsoriatic
treatment. In the group of young patients, the long-term non-inflammatory effect is usually
not present, allowing investigation of inflammation-related endothelial dysfunction.
Previous studies have focused on comparing endothelial function before and after different
antipsoriatic treatments®>*>2 or in patients with mild psoriasis.”” Some of these studies
have shown some degree of improvement in endothelial function, while others have not.
It is not yet fully understood how effective antipsoriatic therapy affects (subclinical) athero-
sclerosis. This is particularly true for the latest biologic treatments such as various IL-17
and IL-23 inhibitors. Low-dose methotrexate has been shown to have a positive effect
on atherosclerosis, but it has no effect on microvascular endothelial function in patients
with psoriasis.”> On the other hand, a systematic review showed that TNF-a inhibitors
can improve endothelial function in psoriasis.”® An improvement in FMD was also
observed in patients treated with secukinumab.?? However, a recent systematic review
and meta-analysis of randomized, placebo-controlled trials found no beneficial effect on
imaging biomarkers (FMD and aortic inflammation) in patients treated with adalimumab
and secukinumab compared to placebo.28

Our study is the first to date to comprehensively investigate all these parameters in
patients with psoriasis treated with 5 different modalities. In contrast to other studies,
we found that endothelial function in our group of patients, which has not been exten-
sively studied before, is comparable to endothelial function in healthy controls of the
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same age and sex. Our results could be of great clinical relevance, as they emphasize the
importance of early treatment with complete or near-complete skin clearance which could
reduce cardiovascular risk in patients with psoriasis.

Arterial stiffness is also a parameter that describes the deterioration of arterial wall
function and is characteristic of early atherosclerosis.?’ Unlike endothelial function, it
reflects morphological rather than functional properties of the arterial wall. Like endothe-
lial dysfunction, arterial stiffness has an independent predictive value for cardiovascular
events.” Arterial stiffness has been shown to increase in young patients with psoriasis
and in patients with a moderate to severe form of psoriasis compared to healthy controls
and is associated with psoriasis-related inflammation.*%*' Unlike previous studies, we
found that arterial stiffness in young, effectively treated patients was comparable to that in
control subjects, which has not been previously reported. It is evident that the effective
treatment of young patients with psoriasis is associated with unaffected endothelial func-
tion and arterial stiffness comparable to those of healthy controls of the same age and sex.

Due to the activation of immune-mediated mechanisms, the arterial endothelium in
psoriasis exhibits a pro-inflammatory phenotype with up-regulation of chemotactic,
pro-atherogenic and vascular adhesion molecules, including tumor necrosis factor-o
(TNF-ar), IL-1, IL-6 and the IL-17 family of cytokines, interferon and VCAM-1.?® The
downstream consequences lead to arterial inflammation and direct cytokine-induced
injury.?® We have shown that the measurements of arterial function in young patients
with psoriasis who are effectively treated do not differ from those of the control group.
However, there were some statistically significant differences between these groups in
the expression of circulating biomarkers of endothelial activation. We found that
GDF-15 was significantly increased in the methotrexate group compared to all other
groups. However, this result should be taken with caution due to the insufficient
sample size in the methotrexate group, especially since we did not find corresponding sig-
nificant differences in the other parameters of endothelial function. Additionally, GDF-15
has been shown to be a marker of subclinical atherosclerosis in patients with psoriasis,'®
but there were no significant differences in FMD, f-stiffness and PWYV in the methotrex-
ate group compared to other groups. Therefore, this finding seems to be insignificant.
However, we found an increase in the level of E-selectin in the secukinumab group com-
pared to the control group. The link between significant differences observed in GDF-15
and E-selectin could also be attributed to BMI and waist circumference, since we
observed a positive correlation in the patient and control groups between BMI and
waist circumference on one side and E-selectin on the other. We also observed a positive
correlation between waist circumference and GDF-15 in the groups of patients. Other
authors have shown that E-selectin levels were significantly reduced in patients with psor-
iasis after treatment with adalimumab or methotrexate.>>*> However, in another study,
E-selectin and VCAM-1 levels were higher in the adalimumab group than in the metho-
trexate and control groups.* In vitro, IL-17 and TNF-a have been shown to synergistic-
ally stimulate the adhesion molecules secretion.® Therefore, it could be expected that the
adalimumab and secukinumab groups would have the lowest levels of adhesion mole-
cules. However, we did not observe this trend consistently. We believe that the few dif-
ferences between groups are merely incidental findings that occur in numerous
comparisons. Furthermore, circulating marker concentrations tend to fluctuate much
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more than imaging methods such as FMD and PWV, making them more reliable for
evaluating arterial function.®

It is interesting that, while we found a correlation between BMI and waist circumfer-
ence on the one hand and arterial stiffness on the other, we did not find significant differ-
ences in arterial function parameters between the groups. Patients with psoriasis and
additional cardiovascular risk factors, such as obesity and smoking, may be expected
to have more impaired arterial function. Given the high proportion of smokers (37%)
and overweight patients with psoriasis patients (65% had a high BMI and waist circum-
ference) in our study, it would be expected that biologic-treated patients, who generally
had more severe psoriasis and a high BMI, would have a greater impairment of arterial
function. However, we did not find significant differences in arterial function between
groups in imaging studies or by circulating markers of endothelial activation. This is
interesting since most studies suggest that more severe disease is associated with more
impaired arterial function and also higher levels of some adhesion molecules, such as
P-selectin.****® We found a significant difference in E-selectin only between controls
and secukinumab group, which is probably a coincidental result, as we did not observe
a consistent trend for other adhesion molecules. However, we observed that BMI and
waist circumference were positively correlated with PWV, TRAIL, and E-selectin in
the patient and control groups, as shown in Figure 5. Additionally, FMD was negatively
correlated with TRAIL and GDF-15, but only in the group of patients, confirming TRAIL
and GDF-15 as subclinical markers of atherosclerosis. These results emphasize the
importance of treating overweight/obesity for the prevention of subclinical
atherosclerosis.

A limitation of our study is the small number of participants in each group, although
the power calculations showed that it was sufficient, except in the methotrexate group.
Therefore, the results for the methotrexate group should be interpreted with caution.
Although ideally only non-smoking and non-obese patients should be included, we
also included smokers and obese patients in the study to reflect the ‘typical’ population
of psoriasis, in which smoking, and obesity are common. Smoking in patients with psor-
iasis is estimated to be 20-30% and is higher than in the general population.®” This high
prevalence of smoking among patients with psoriasis is also consistent with our results,
where 37% were smokers and 65% of patients were overweight. We also included
smokers and overweight participants in the control group, where the proportion of
smokers was 30% and 40% were overweight. However, the inclusion of smokers and
overweight patients also provided important information that despite their high propor-
tion in the psoriasis groups, the arterial function of the patients with psoriasis was still
comparable to that of the control group. Furthermore, the measurement of circulating bio-
markers is currently only used for research purposes. Therefore, there are still many
unanswered questions, such as which biomarkers are the most specific and sensitive
for endothelial dysfunction in patients with psoriasis. Another limitation of our study
is that it is an observational study, and we do not have longitudinal data that would
allow us to assess endothelial function and arterial stiffness over a longer period.
However, despite the small sample size, our results may provide clinically valuable
insights into the status of endothelial function in patients with effectively treated psoria-
sis. Future studies are likely to focus on determining the best marker or set of markers for
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endothelial dysfunction in patients with psoriasis. Identification of these markers would
greatly facilitate the diagnosis and monitoring of endothelial function in patients with
psoriasis.

Conclusions

Our study shows that young patients with psoriasis with varying degrees of disease sever-
ity, but effectively treated with different therapies (topical therapy, methotrexate, adali-
mumab, secukinumab, and guselkumab), have endothelial function and arterial
stiffness comparable to their controls of the same age and sex without psoriasis.
Furthermore, despite the high proportion of smokers and overweight people among
these patients, this did not appear to have a significant effect on endothelial function
and arterial stiffness with effective antipsoriatic treatment. Of the various circulating bio-
markers of endothelial activation tested, none appear to replace endothelial function
measurement by imaging methods (FMD, B-stiffness and PWV). Applied to clinical prac-
tice, our results suggest that early and effective treatment of varying severity psoriasis is
necessary in young patients to prevent endothelial dysfunction related to psoriasis and the
consequent cardiovascular risk. For the prevention of subclinical atherosclerosis, the
most important factor, in addition to the successful treatment of psoriasis, appears to
be the treatment of overweight/obesity.
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