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Abst rac t
Introduction: Psoriasis is considered as a risk factor for atherosclerosis and contributes to myocardial infarction, 
ischemic heart disease and brain stroke. 
Aim: To estimate the atherogenic potential of psoriasis by analysing antioxidative and prooxidative factors (para-
oxonase-1, α-tocopherol, uric acid, homocysteine), compare levels of these parameters between groups of psoriatic 
patients and healthy individuals as well as to analyse the impact of psoriasis severity and duration on the factors 
under the study and to define correlation between the marked factors and patients’ lifestyles, body mass index 
(BMI) and abdominal circumference. 
Material and methods: The investigated group consisted of 66 patients with psoriasis vulgaris, while the control 
group comprised 30 persons. Both groups were comparable as regards their age, sex and BMI as well as abdominal 
circumference.
Results: A significantly lower activity of paraoxonase-1 (p < 0.001), level of tocopherol (p < 0.05) and significantly high-
er concentration of homocysteine (p < 0.01), uric acid (p < 0.05) were found in patients with psoriasis as compared 
to the reference group. A higher homocysteine level occurs in patients with a negative family history of psoriasis 
(p < 0.05). In the group of patients with psoriasis and metabolic syndrome, the uric acid level was significantly high-
er (p < 0.05). Concentration of uric acid correlated negatively with the abdominal circumference value (p < 0.001). 
Conclusions: Psoriasis promotes arteriosclerosis development by decreasing the levels of antiatherogenic and in-
creasing the levels of proatherogenic agents. Adverse changes in psoriatic patients involve activity of paraoxonase-1, 
levels of α-tocopherol, uric acid, homocysteine as compared to healthy individuals selected by their age, BMI and 
abdominal circumference value. 
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Introduction

Oxidative stress is related to a disturbance in the bal-
ance between antioxidants and prooxidants when the 
system removing oxygen free radicals cannot keep up 
with their production. It is a physiological process related 
to an inflammation and contributes to the development 
of macromolecular damages. An atom or a particle which 
has an unpaired valence electron is called a free radical. 
A low reactive oxygen species (ROS) level is necessary 
for the proper functioning of intercellular signalling and 
cellular function, whereas its high level is a pathological 
condition that results in modification of nucleic acids, 
protein or lipids, which in turn may lead to cell death. 
Mechanisms preventing oxidation include small mol-
ecules circulating in the serum (e.g. vitamin E, C, urates, 

bilirubin, creatinine) and enzymes catabolizing oxidized 
lipids (e.g. paraoxonase) [1–3].

Aim

The aim of the study was to assess the atherogenic 
potential of psoriasis by analysing antioxidative and 
prooxidative factors (paraoxonase-1, α-tocopherol, uric 
acid, homocysteine), compare levels of these parameters 
between groups of psoriatic patients and healthy indi-
viduals of similar age, Body mass index (BMI) and ab-
dominal circumference, as well as to analyse the impact 
of psoriasis severity and duration on the factors under 
the study and to define correlation between the marked 
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factors and patients’ lifestyles, their BMI and abdominal 
circumference. 

Material and methods

The case-control study was conducted in 96 per-
sons, including 47 females and 49 males. The sample 
group included 66 patients (31 females and 35 males) 
with clinically diagnosed vulgar psoriasis (psoriasis vul-
garis), aged between 21 and 73 years, hospitalized in 
2014–2015 in the Dermatology Department in Lodz. The 
reference group included 30 clinically healthy individuals 
(16 females and 14 males) aged between 30 and 70 years. 
The reference group was smaller than the sample group 
because the healthy individuals were to compare with 
a part of the patients with psoriasis depending of the se-
verity of the pathological changes (according to Psoriasis 
Area and Severity Index (PASI) score):
•  Psoriatic patients with PASI score equal to or lower 

than 10 points (21 patients – 31.8%).
•  Psoriatic patients with PASI score higher than 10 points 

(45 patients – 68.2%).
Both groups were comparable as regards their age, 

sex and BMI as well as abdominal circumference. The 
patients participating in the study were diagnosed with 
vulgar psoriasis based on clinical examination.

The study excluded patients with:
1) symptoms of infections present on admission to the 

Clinic (fever, sore throat, cough, dysuria symptoms),
2) neoplastic diseases,
3) chronic diseases of the liver, pancreas, infectious dis-

eases, heart failure etc.,
4) abnormal results of TSH, fT3 or fT4 tests,
5)  megaloblastic anaemia
and patients:
6) taking medications affecting lipid metabolism, con-

centration of the uric acid or homocysteine, including 
statin, treated with cyclosporine A, methotrexate, sul-
fasalazine and retinoids,

7) abusing alcohol (drinking more than 10–12 g of ethanol 
a day which contributes to the development of alco-
holic liver disease),

8) under the age of 18 years.
In the past some of the patients were treated with 

methotrexate, cyclosporine A, retinoids and received 
PUVA therapy, however they ceased to apply these treat-
ment methods at least 3 months preceding the trial.

The trial was conducted under an approval given by 
the Bioethical Committee of the Medical University of 
Lodz. All participants of the trial were aware of its subject 
matter and gave their voluntary consent to participate 
in it.

A detailed history on the course of psoriasis was 
taken from each patient which included the following 
information: age of the patient, duration of the disease, 
frequency of relapses, location of skin lesions, family 

history, and pruritus exacerbation. Moreover, the ques-
tionnaire included information on coexisting diseases, 
medications taken, tobacco use, alcohol drinking habits 
and a diet applied.

A detailed medical history related to previous diseas-
es and illnesses and hereditary factors was also taken 
from healthy individuals included in the reference group. 

All trial participants underwent a detailed physical 
examination (including assessment of their body mass, 
height, BMI and abdominal circumference) and dermato-
logical examination. 

Venous blood samples were taken from fasting pa-
tients qualified for the trial between 7 and 8 a.m., in the 
amount of 8 ml to a tube for blood clot and 4 ml to a tube 
with EDTA at one time.

Statistical analysis

Statistical analyses were performed using program 
Statistica 10 (JPZP601E504326AR-9) with a significance 
level set at p < 0.05. Student’s t-test, Mann-Whitney 
U test and Spearman’s rank correlation coefficient were 
applied. The results were expressed as the mean ± stan-
dard deviation.

Results

Based on a statistical analysis of the results it was 
established that in psoriatic patients there occurs a lower 
activity of paraoxonase-1 (PON-1) (p < 0.001) and a lower 
level of tocopherol (p < 0.05) as compared to the refer-
ence group (Table 1). No differences in the activity or level 
of these parameters dependent on PASI score, metabolic 
syndrome presence or lifestyle were observed. Individu-
als with a positive family history of psoriasis had a higher 
PON-1 activity as compared to patients with a negative 
family history of the disease. Moreover, the correlation 
between PON-1 activity and the duration of psoriasis was 
positive (p < 0.05).

The statistical analysis on the homocysteine level 
shows that its level was significantly higher in psoriatic 
patients, both in males and females, as compared to 
healthy individuals (p < 0.001). The homocysteine level 
was not affected by metabolic syndrome diagnosis, PASI 
score, diet or tobacco smoking. A higher homocysteine 
level occurs, however, in patients with a negative family 
history of psoriasis as compared to those patients who 
had psoriasis cases in their families (p < 0.05). 

The uric acid level in the group of psoriatic pa-
tients was significantly higher than in the control group  
(p < 0.05). When analysing the uric acid level in the group 
of females and males separately, it occurred that its av-
erage values in females were higher than in the control 
group, however, the difference was not statistically sig-
nificant (p = 0.57). No relation was shown between the 
uric acid level in psoriatic patients and PASI score, diet, 
tobacco smoking or family history of dermatosis. In the 
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group of patients with psoriasis and metabolic syndrome, 
the uric acid level was significantly higher than in pa-
tients who did not fulfil the syndrome criteria (p < 0.05). 
Moreover, a negative correlation between the uric acid 
level and abdominal circumference value was revealed  
(p < 0.001). It correlated positively with the levels of ho-
mocysteine (p < 0.05) and triglycerides (p < 0.05). 

Discussion

The presented study showed that PON-1 activity in 
psoriatic patients was significantly lower as compared 
to the reference group and it did not correlate with PASI 
scores, BMI, abdominal circumference or with any other 
marked risk factors for atherosclerosis. Moreover, there 
was no relation observed between PON-l activity and 
dietary habits, tobacco smoking or metabolic syndrome 
presence. 

There are only few available studies on PON-l in pso-
riatic patients. Most of them were conducted in Asian 
research centres. The largest of the studies including 
a group of 100 Iranian patients and 100 healthy indi-
viduals showed a decreased PON-l activity in psoriatic 
patients which correlated positively with the apolipo-
protein A1 (apoA1) level and negatively with apolipopro-
tein B (apoB) and lipoprotein (a) lp(a) levels [4]. Similar 
observations were made by Usta et al. [5]. They proved 
a decreased PON-l activity in psoriatic patients, which 
additionally correlated with the increased disease sever-
ity. In two other studies conducted on a small group of 
participants, the researchers also observed a decreased 
PON-l activity in psoriatic patients [6, 7]. Tokera et al. [6] 

showed no relation between PON-l and PASI; Ramadan 
et al. [7] described a negative correlation of PON-l activity 
with the patients’ age; they also observed a higher PON-l 
activity in females. 

The only study conducted in Europe by Ferreti et al. in 
a group of 23 psoriatic patients and 25 healthy individu-
als revealed a lower PON-l activity in the patients with 
psoriasis, which correlated negatively with the lp(a) level 
and PASI score [8]. The available literature shows that, 
so far, no study has been published that would describe 
the PON-l test in psoriatic patients and including a larger 
group of people in Europe. 

A lower PON-l activity in psoriatic patients may be 
explained by a chronic inflammation accompanying this 
dermatosis. In order to verify this hypothesis, research-
ers observed PON-l activity in patients undergoing anti-
psoriasis treatment. Bacchetti et al. observed changes 
in biochemical parameters in 23 patients during ad-
ministration of etanercept [9]. They concluded that with 
PASI50, PON-l activity and the total antioxidant capacity 
– TAC increase, whereas the CRP level, which correlates 
adversely with PON-l, drops. On the other hand, Pektas  
et al. did not prove any changes in PON-l activity in  
24 Turkish psoriatic patients following 30 phototherapy 
sessions with use of UVB narrowband lamps [10]. Similar 
observations were made by Kilic et al. who did not report 
any increase in PON-l activity after 8 weeks of Methotrex-
ate treatment in 28 Turkish patients [11].

The literature includes reports on numerous polymor-
phisms in PON-l gene that may affect the activity of this 
enzyme. One of such polymorphisms is L55M which in-
volves a change of TTG codon into ATG in exon 3 of PON-l 

Table 1. Selected parameters of antioxidative and prooxidative factors in the study and reference group

Parameter Sex Study group Reference group P-value

N Min.-max. (x–) SD Me N Min.-max. (x–) SD Me

PON-1 [µmol/ml] W 31 17.2–61.4 33.1 9.4 31.4 16 40.1–91.3 69.2 17.2 71.8 < 0.001

M 35 16.2–55.4 33.8 11 35.4 14 39.9–90.2 67.4 15 69.5 < 0.001

All 66 16.2–61.4 33 10.2 32.1 30 39.9–91.3 68.3 6 70.4 < 0.001

α-Tocopherol 
[ng/ml]

W 31 13.5–44.8 25.7 9.1 23.2 16 11.1–40.9 27.4 8.9 29.5 > 0.05

M 35 10.2–40.1 21 8.2 20.8 14 12.1–44.2 27.2 9.8 27.4 < 0.05

All 66 10.2–44.8 23.2 8.9 21.5 30 11.1–44.2 27.3 9.2 28.2 < 0.05

Homocysteine 
[µmol/l]

W 31 15.3–46.9 25.4 7.9 22.4 16 8.2–20.1 12.8 3.4 12.3 < 0.001

M 35 19.1–50.1 34.7 8.6 37.8 14 9.8–17.9 14.2 2.5 16.1 < 0.001

All 66 15.3–50.1 30.3 9.4 29.9 30 8.2–20.1 13.5 3.1 13.7 < 0.001

Uric acid [mg/dl] W 31 3.6–8.1 5.5 1.1 5.4 16 3–6.82 4.9 1 5 0.057

M 35 4.6–11.2 6.7 1.3 6.3 14 4.6–7.9 6 0.93 6.1 > 0.05

All 66 3.6–11.2 6.1 1.33 6 30 3.01–7.9 5.4 1.13 5.4 < 0.05

N – number of people, W – women, M – men, x– – medium, SD – standard deviation, Me – median, PON-1 – paraoxonase-1.
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gene. The effect of leucine-to-methionine substitution at 
position 55 is a lower activity and lower PON-l activity. 
On the other hand, it seems that this enzyme variant 
provides a better protection against oxidation [12]. Asefi  
et al. analysed the presence of this polymorphism in pso-
riatic patients and confirmed that it is a factor increasing 
the risk of developing this type of dermatosis, and its 
presence is related to higher levels of malondialdehyde, 
apoB, lp(a) and apoB/apoAI [13]. We proved in the pres-
ent study, however, that an increased PON-l level occurs 
in psoriatic patients with a positive family history as 
compared to patients who do not report any cases of this 
disease in the family. Hence, it may be concluded that in 
the Polish population with a family history of psoriasis, 
polymorphism L55M rather does not occur in psoriatic 
patients since it is connected with a lower PON-l level. 

α-Tocopherol is one of four vitamin E forms char-
acterized by the highest biological activity and it is the 
most common form present in European food products. 
Tocopherols are synthesized only by photosynthetic 
organisms and vegetable oils are the richest source of 
these substances in the diet [14].

In the presented studies, it was revealed that a sig-
nificantly lower α-tocopherol level is observed in psoriatic 
patients compared to healthy individuals, which is not 
influenced by the PASI score, dietary habits or metabolic 
syndrome. Ramadan et al. [7] also reported a lower vita-
min E level in patients suffering from chronic diseases, in-
cluding psoriasis. In another study, the vitamin E level in 
psoriatic patients was also lower as compared to healthy 
individuals and it was also dependent on psoriasis se-
verity: the higher the PASI score, the lower α-tocopherol 
level was observed [15]. The literature also includes stud-
ies which prove that psoriasis does not affect the vita-
min E level [16, 17]. Keihan et al. [18] conducted a study 
in which they analysed the impact of vitamin E supple-
mentation on the reactions of selected biochemical pa-
rameters. They proved that after 3 months of vitamin E 
administration, the oxLDL level decreases and the PON-l 
activity in the blood increases. Merzouk et al. [19] estab-
lished that vitamin E supplementation also lowers levels 
of total cholesterol, TAG, LDL and apoB. The authors did 
not observe any influence of vitamin E on a decreased 
glucose level in blood. 

A higher uric acid level was observed in psoriatic pa-
tients as compared to healthy individuals. Studies con-
ducted in the United States that included a large group of 
27,751 male patients and 71,059 females also confirmed 
a relation between psoriasis and an increased level of 
uric acid [20]. Similar observations were made by other 
authors [21]. The results of our study also showed that 
the uric acid level was significantly higher in psoriatic pa-
tients with metabolic syndrome as compared to the pa-
tients who did not fulfil the syndrome criteria. Moreover, 
the uric acid level correlated positively with an average 
abdominal circumference and BMI. Kwon et al. believe 

that a higher uric acid level may result from an increased 
epithelial cell replacement in patients with psoriatic le-
sions. This theory is supported by the observation that 
the higher the PASI score, the higher the uric acid level 
[22]. Nevertheless, in the present study we established 
that the uric acid level was independent from PASI score. 
Our results are contradictory to those obtained in the 
studies conducted in Asia [23, 24]. The relation between 
the uric acid level in psoriatic patients depending on their 
place of residence was described in a meta-analysis by 
Lai et al. who noticed that in Western Europe there ex-
ists a positive correlation between the uric acid level 
and psoriasis, whereas no similar relation was observed 
in Eastern Asia and India [24]. On the one hand, these 
differences may be explained by other race-dependent 
genetic factors; on the other hand, a different lifestyle 
and dietary habits of people living on different continents 
may be the key. Since a higher uric acid level occurs in 
metabolic syndrome patients and in the group of pa-
tients with a higher BMI and a higher average abdominal 
circumference, the increase does not result from the skin 
disease only. 

The homocysteine level in the present study was sig-
nificantly higher in the psoriatic patients than in the con-
trol group. Its level was not influenced by PASI score, BMI, 
abdominal circumference, metabolic syndrome, tobacco 
smoking or lifestyle. Other studies indicate that the ho-
mocysteine level, like the uric acid level, depends on the 
world region where a psoriatic patient lives. Asian studies 
did not show any substantive differences between the 
homocysteine level in the study group as compared to 
the control group [24–26]. In European studies, on the 
other hand, a significant difference in the homocysteine 
level is observed between the groups of psoriatic pa-
tients and healthy individuals [27–30]. 

A cause of high homocysteine levels in psoriatic pa-
tients may by a genetic predisposition to a higher ho-
mocysteine level, e.g. due to inhibited metabolism of 
this amino acid present in this group of patients. Izmirli 
et al. [31] proved that in the case of Turkish population, 
psoriatic patients show a higher frequency of the occur-
rence of polymorphism in the methylenetetrahydrofolate 
reductase which takes part in homocysteine metabo-
lism. On the other hand, it is known that in the case of 
Turkish population, the homocysteine level is not usu-
ally increased in psoriasis. The conducted studies also 
prove that the homocysteine level is lower in the group 
of patients with a positive family history of psoriasis as 
compared to patients who do not report any dermatosis 
cases in their families. 

Conclusions

Psoriasis promotes arteriosclerosis development by 
decreasing the levels of antiatherogenic and increasing 
the levels of proatherogenic agents. Adverse changes 
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in psoriatic patients involve levels of paraoxonase-1, 
α-tocopherol, uric acid, homocysteine as compared to 
healthy individuals selected by their age, BMI and ab-
dominal circumference value. The unfavourable profile of 
these factors is related to the disease itself and the ac-
companying chronic inflammation. In psoriatic patients, 
the factors under the study are independent of the pa-
tients’ age, BMI, tobacco smoking or dietary habits. The 
uric acid level, on the other hand, correlates positively 
with the abdominal circumference.
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