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stress as major triggers.1,3 Although there have 
been several studies reporting increased CV mark‑
ers in psoriasis, most of them were performed 
in patients with severe psoriasis or in total pso‑
riasis populations. Available data regarding po‑
tential CV disturbances in early stages of disease 
are very limited. Therefore, our aim was to assess 
the serum markers of oxidative stress, novel adi‑
pokines, and indices of early arterial atheroscle‑
rosis, endothelial dysfunction, and vascular stiff‑
ness in patients with mild or moderate psoriasis.

INTRODUCTION  Psoriasis is a chronic systemic 
immune‑mediated skin  disease, which occurs in 
2% of the population.1 It is associated with in‑
creased incidence of hypertension, obesity, dia‑
betes, metabolic syndrome, and heart diseases.1 
Patients with severe psoriasis have increased car‑
diovascular (CV) risk and shorter life expectancy 
compared with healthy individuals.2 The potential 
relationship between psoriasis and atherosclero‑
sis or metabolic syndrome is complex and involves 
genetic susceptibility and environmental factors, 
with chronic proinflammatory state and oxidative 
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ABSTRACT

INTRODUCTION  Severe psoriasis is a chronic systemic immune‑mediated disease associated with 
increased cardiovascular (CV) risk and several comorbidities.
OBJECTIVES  Our aim was to assess vascular indices and selected serum biomarkers of increased CV 
risk in patients with nonsevere psoriasis.
PATIENTS AND METHODS  The study group included 80 patients with mild or moderate psoriasis (mean 
[SD] psoriasis area severity index, 18.6 [10.5]), and the control group included 39 individuals matched for 
age and body mass index. All patients underwent a comprehensive clinical assessment with aplanation 
tonometry (pulse wave velocity [PWV]), and the  following ultrasound indices were measured: flow-
mediated dilation (FMD) and carotid intima‑media thickness (IMT). Moreover, the following biomarkers 
were assessed in all individuals: osteoprotegerin, advanced oxidation protein products (AOPPs), visfatin, 
and nesfatin.
RESULTS  Patients with nonsevere psoriasis had increased carotid IMT (mean [SD], 1027 [35] µm vs 
587 [12] µm; P <0.05), impaired FMD (mean [SD], 16.3% [10.7%] vs 32.1% [13.7%]; P <0.001), and 
increased serum levels of AOPPs (mean [SD], 218.9 [44.6] µmol vs 162.1 [9.9] µmol; P <0.001) and 
visfatin (mean [SD], 13.1 [16.7] ng/ml vs 3.43 [1] ng/ml; P <0.001) compared with the control group. 
There were no significant differences in the serum levels of osteoprotegerin, nesfatin, and PWV. Oxidative 
stress (AOPP) was significantly associated with IMT (r = 0.3), FMD (r = –0.25), and visfatin (r = 0.6).
CONCLUSIONS  Our study suggests increased CV risk in patients with mild to moderate psoriasis.
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2‑dimensional high‑resolution ultrasound (Toshi‑
ba Applio, Otawara, Japan) with a linear trans‑
ducer (9–12 MHz). All the images were record‑
ed by a single experienced researcher using con‑
stant settings, and the measurements were ana‑
lyzed by one observer blinded to patients’ data. All 
the measurements were identical in all patients.

The following biomarkers were assessed in both 
groups by an enzyme‑linked immunosorbent as‑
say (ELISA): osteoprotegerin (ELISA, BioVendor, 
Brno, Czech Republic), AOPP (ELISA, Immunodi‑
agnostik AG, Bensheim, Germany), visfatin (Vis‑
fatin C‑Terminal, ELISA Phoenix Pharmaceuti‑
cals, Inc., Phoenix, Arizona, United States), and 
nefstatin (ELISA, BioVendor).

Subjects were recruited in the Department of 
Dermatology, and once enrolled they were as‑
sessed in the Department of Cardiology at the 
Medical University of Silesia in Katowice, Po‑
land. The study was a cross‑sectional analysis, 
and the study protocol was approved by the lo‑
cal ethics committee.

Statistical analysis  All results presented in 
the text, tables, and figures were expressed as 
mean (SD) or number and percentage. The nor‑
mal data distribution was analyzed with the Kol‑
mogorov–Smirnov test. Baseline clinical parame‑
ters or the ultrasound measures were compared 
between the subgroups using the t test for nor‑
mally distributed continuous variables; for non‑
normal distribution, the Mann–Whitney test was 
used. Associations between parameters were as‑
sessed in patients with psoriasis using Pearson 
or Spearman correlation analysis depending 
on the parametric or nonparametric variables. 
A P value of less than 0.05 was considered sig‑
nificant. Statistical analysis was performed us‑
ing Statistica software (v. 10.0, Stat Soft, PL).

RESULTS  Clinical characteristics of the patients 
are presented in TABLE 1. There were no differenc‑
es between groups in age, BMI, and the rate of 
mild hypertension (class I). Patients with psori‑
asis revealed significantly increased carotid IMT, 
impaired endothelial function, and similar arte‑
rial stiffness (PWV) compared with the control 
group (FIGURES 1 and 2). However, there were no 
differences in those parameters between patients 
with mild (n = 20) and moderate (n = 60) psori‑
asis (data not shown).

The serum levels of AOPPs and visfatin were 
significantly increased in individuals with psoria‑
sis compared with controls. However, there were 
no differences in the serum levels of nesfatin and 
osteoprotegerin (FIGURES 3 and 4).

We found a  strong association between 
the serum levels of AOPPs and visfatin (r = 0.6; 
P <0.001). There was also a moderate negative 
association between AOPP levels and FMD (r = 
–0.25; P <0.05) and a positive association with 
carotid IMT (r = 0.3; P <0.05). Moreover, visfa‑
tin levels were associated with FMD (r = –0.25; 
P  <0.05). Finally, there were no significant 

We used well‑evidenced ultrasound indices 
of early arterial atherosclerosis (carotid intima
‑media thickness [IMT]), endothelial dysfunction 
(flow-mediated dilation [FMD]), and arterial stiff‑
ness (pulse wave velocity [PWV]) by applanation 
tonometry.4-6 Advanced oxidation protein prod‑
ucts (AOPPs) are well‑known biomarkers of oxi‑
dative stress found in various diseases, including 
atherosclerosis.7 Adipokines are also involved in 
the pathogenesis of endothelial dysfunction and 
atherosclerosis.8

PATIENTS AND METHODS  Consecutive patients 
(age, 18–65 years) without history of any CV dis‑
eases and with psoriasis were screened in the De‑
partment of Dermatology according to the cur‑
rent guidelines9 and study criteria. Finally, pa‑
tients with severe psoriasis were excluded and 
a group of 80 patients with mild or moderate pso‑
riasis were included in the study group. The main 
exclusion criteria for the study group were as fol‑
lows: history of any CV diseases (except mild hy‑
pertension), severe psoriasis, any other autoim‑
mune disorder, any anti‑inflammatory or immu‑
nological treatment, significant liver or kidney 
disease, infections, and pregnancy. Afterwards, 
local primary care outpatients were screened (no 
CV diseases or clinical risk factors) and a group of 
40 healthy individuals matched for age and body 
mass index (BMI) (individual matching) were in‑
cluded in the control group (1 patient excluded 
due to laboratory bias). A comprehensive clini‑
cal assessment, ultrasound vascular indices, ap‑
planation tonometry, and serum blood samples 
were obtained in all patients.

The comprehensive CV assessment was per‑
formed by cardiologists and the diagnosis of pso‑
riasis was determined by dermatologists. The pso‑
riasis area severity index (PASI) score lower than 
10 was considered as mild psoriasis; 10 to 50, as 
moderate psoriasis; and more than 50, as severe 
psoriasis.

Arterial stiffness (PWV) was assessed using 
aplanation tonometry (SphygmoCor, AtCor Med‑
ical, Sydney, Australia) according to the guide‑
lines.10 Brachial artery FMD as a marker of en‑
dothelial dysfunction was assessed as previously 
described.11 Carotid IMT as a marker of CV risk 
was also measured as defined in the expert con‑
sensus.12 Both measurements were obtained using 

TABLE 1  Clinical characteristics of the study group

Parameter Psoriasis group Control group P value

Age, y, mean (SD) 43 (13.5) 44.6 (12.4) 0.7

Sex, female/male, n (%) 28 (35)/52 (65) 23 (58)/16 (42) <0.05

BMI, kg/m², mean (SD) 27 (9.7) 25.8 (5.6) 0.2

Hypertension class I, n (%) 4 (5) 2 (5) 0.7

PASI, mean (SD) 18.6 (10.5) – –

Duration of psoriasis, y, 
mean (SD)

15.3 (11.2) – –

Abbreviations: BMI, body mass index; PASI, psoriasis area severity index
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FMD assessment, but only in total psoriasis pop‑
ulation or patients with the most advanced dis‑
ease. However, we showed no differences in arte‑
rial stiffness (PWV and osteoprotegerin associat‑
ed with vascular remodeling) in nonsevere psori‑
asis, despite a mean disease duration of 15 years. 
It suggests that arterial stiffness is a late compli‑
cation, or it occurs in more severe psoriasis. Os‑
teoprotegerin is a marker of vascular calcifica‑
tion and remodeling.25 Genc et al26 showed sim‑
ilar results with no differences between psoriat‑
ic patients and healthy volunteers.

Our study revealed that nonsevere psoriasis is 
also associated with cytokine imbalance, includ‑
ing increased serum visfatin and AOPP levels. 
Increased levels of proinflammatory adipokines 
found in other studies in patients with psoriasis27 
may be explained by a higher prevalence of obesity 
in this subgroup.28 However, this bias cannot ex‑
plain our results as we used a BMI‑matched con‑
trol group. Therefore, we provide findings sug‑
gesting that increased oxidative stress and se‑
rum visfatin levels are associated with a chron‑
ic inflammatory state in nonsevere psoriasis it‑
self. Increased AOPP levels were associated with 

associations between the severity of psoriasis 
(PASI) and vascular indices or serum biomarkers.

DISCUSSION  The main finding of our study was 
that mild or moderate psoriasis was associated 
with increased oxidative stress, adipokine im‑
balance, impaired endothelial function, and ac‑
celerated subclinical atherosclerosis in individu‑
als without a history of CV diseases. We report 
the first study providing a comprehensive assess‑
ment of CV risk in a relatively large group of pa‑
tients with mild to moderate psoriasis only. Our 
results were obtained by experienced researchers 
using well‑evidenced vascular techniques.

Chronic systemic inflammatory state is a com‑
mon pathway linking psoriasis and atherosclero‑
sis.13,14 While results suggesting the association 
between severe psoriasis and increased CV risk are 
clear,15 the available evidence from patients with 
mild or moderate psoriasis only is very limited.14 
We found that even nonsevere psoriasis was asso‑
ciated with early subclinical carotid atherosclero‑
sis and impaired endothelial function. Most stud‑
ies, but not all, showed increased carotid IMT16-21 
and endothelial dysfunction22-24 determined by 

FIGURE 1�  Carotid 
intima‑media thickness 
(IMT) in patients with 
psoriasis and controls. 
Data are presented as 
mean (SD).
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FIGURE 2�  Vascular 
indices: flow‑mediated 
dilation (FMD) and pulse 
wave velocity (PWV) in 
patients with psoriasis 
and controls. Data are 
presented as mean (SD).
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a dose‑response relationship between disease se‑
verity and increased CV risk. Our study focused 
on nonsevere disease providing a pathogenet‑
ic background for early CV complications. None 
of the CV risk parameters were associated with 
the severity of psoriasis according to the PASI 
score, which may be explained by the relative‑
ly low range of PASI scores and the exclusion of 
severe psoriasis. All these findings emphasize 
that patients with severe and nonsevere psoria‑
sis should undergo CV screening and education, 
and some of them should be reclassified in CV 
risk category.

Biological therapy was found to improve endo‑
thelial function36 and reduce carotid IMT,37 with 
discrepant effects on CV risk.38,39 Still, it is used in 
moderate or severe psoriasis and some of the re‑
sults are based on small study groups.

Our study had a cross‑sectional design; there‑
fore, further prospective research is needed to 
confirm the causality. Our conclusions refer to 
patients with mild or moderate psoriasis only. 
A few patients with psoriasis had mild arterial hy‑
pertension, which also may have affected the re‑
sults. However, it was balanced by the same prev‑
alence of mild hypertension in the control group. 
Although we found some significant associations 

endothelial dysfunction (FMD), vascular remod‑
eling (IMT), and serum visfatin levels, suggest‑
ing that increased oxidative stress is the main 
pathomechanism involved in cardiometabolic 
complications found in nonsevere psoriasis. Ad‑
ipokine imbalance was also found in other stud‑
ies suggesting that it is associated with chronic 
inflammatory state, insulin resistance, and that 
its levels are similar to those in patients with pre‑
diabetes.27,29 Increased visfatin levels were also 
reported in other studies,30-32 but not all.27 In‑
creased serum AOPP levels observed in our study 
were associated with visfatin levels and endothe‑
lial dysfunction. It suggests that oxidative stress 
is involved in endothelial dysfunction in patients 
with mild or moderate psoriasis. Yazici et al33 
showed increased oxidative stress mainly from ac‑
tive neutrophils and monocytes in a small study 
of total psoriasis population. It is an important 
finding as increased oxidative stress markers are 
associated with the presence and the severity of 
coronary artery disease.34

Armstrong et al35 conducted an interesting 
meta‑analysis of contribution of psoriasis to 
CV risk, which revealed that both severe and 
mild psoriasis is associated with increased risk 
of myocardial infarction and stroke. There was 

FIGURE 3�  Visfatin and 
nesfatin levels in patients 
with psoriasis and 
controls. Data are 
presented as mean (SD).
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FIGURE 4�  Advanced 
oxidation protein product 
(AOPP) and 
osteoprotegerin (OPG) 
levels in patients with 
psoriasis and controls. 
Data are presented as 
mean (SD).
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between vascular indices and serum biomark‑
ers, most of them showed a moderate or weak 
association.

Regardless of comorbidities, psoriasis seems 
to be an independent risk factor of CV compli‑
cations. Our study revealed increased CV risk in 
patients with mild or moderate psoriasis only. 
Physicians should be aware of this association 
and should provide strict counseling on CV risk 
factors in mild to moderate disease. Addition‑
al assessment of vascular complications, includ‑
ing at least carotid IMT, may be recommended to 
reclassify CV risk in individuals with psoriasis.
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