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Purpose: Psoriasis is one of the most common lifelong lasting dermatologic diseases.

According to the latest studies, psoriatic patients have a higher risk of developing cardio-

vascular diseases. Psoriasis is considered as a systemic inflammatory disease. Several

oxidative stress markers have been shown to be elevated in psoriasis. However, a panel of

biomarkers has not been used yet. This study was aimed at exploring the connection between

a panel of biomarkers (C-reactive protein, asymmetric dimethylarginine, uric acid, total

antioxidant capacity, malondialdehyde, and orosomucoid [ORM]) and cardiovascular risk

in psoriatic patients.

Patients and methods: The inclusion criterion was the onset of psoriasis with skin lesions.

Exclusion criteria were impaired renal function (eGFR<60 mL/min/1.73 m2), acute inflam-

mations (urinary, respiratory, skin inflammation, etc), autoimmune disorders (rheumatoid

arthritis, systemic lupus erythematosus, or inflammatory bowel disease), and any kind of

biological antipsoriatic treatment. Patients with a medical history of myocardial infarction,

coronary heart disease, stroke, transient ischemic attack, and carotid artery stenosis were also

excluded. Biomarkers were measured by routine procedures, ELISA and HPLC. QRISK®2-

2017 was used to assess 10-year risk of cardiovascular disease development. Psoriasis

severity was measured by the Psoriasis Area and Severity Index.

Results: One hundred and fourteen psoriatic patients were enrolled. Only urinary orosomu-

coid and urinary orosomucoid/urinary creatinine (u-ORM/u-CREAT) ratio showed signifi-

cant correlation with QRISK score (u-ORM, r=0.245; u-ORM/u-CREAT, r=0.309). When

comparing mild psoriatic patients to moderate psoriatic patients, significant differences could

only be found in u-ORM and u-ORM/u-CREAT ratio.

Conclusion: There seems to be a connection between urinary ORM and cardiovascular risk.

U-ORM and u-ORM/u-CREAT ratio could be used as an indicator of low-grade inflamma-

tion in mild and moderate psoriasis. However, it is the 10-year follow-up of cardiovascular

events that will determine the usefulness of this biomarker panel.

Keywords: psoriasis, orosomucoid, oxidative stress, C-reactive protein, biomarker,

cardiovascular risk

Introduction
Psoriasis is one of the most common lifelong lasting dermatologic diseases.1

Psoriasis has a considerable negative effect on the quality of life, due to physical

and psychical symptoms.2 Furthermore, psoriasis is often associated with a higher

risk of developing insulin resistance, obesity, diabetes, depression, inflammatory

bowel disease, and some malignities.3,4 Moreover, psoriasis is associated with

higher cardiovascular risk and adverse outcomes. According to the meta-analysis

published by Miller et al, psoriasis was associated with cardiovascular risk factors
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and ischemic heart disease.5,6 The exact pathomechanism

of psoriasis is currently not known; however, several fac-

tors have been identified to play a role in the development

of psoriasis. Genetical background and the onset of gen-

eral risk factors (stress, obesity, smoking, and alcohol

consumption) can lead to an excessive activation of the

immune system, which has been identified as a key factor

in the development of psoriasis.7 The diagnosis of psor-

iasis is made based on its skin symptoms; nevertheless as a

result of the latest studies, psoriasis is nowadays consid-

ered as a systemic disease. Several studies were performed

to investigate the usefulness of biomarkers of oxidative

stress in psoriatic patients.8,9

C-reactive protein (CRP) is a widely used marker of

inflammation. Previous studies have found increased CRP

levels in patients suffering from psoriasis; some of these

studies suggested that CRP could be a marker of psoriasis

severity.10–13 Increased CRP levels in psoriatic patients were

confirmed by ameta-analysis published byDowlatshahi et al.

Nevertheless, the meta-regression did not show significant

association between CRP levels and psoriasis severity.14

Asymmetric dimethylarginine (ADMA) is another

well-recognized marker of inflammation and oxidative

stress.15,16 The major biological function of ADMA is

the inhibition of nitric oxide synthase (NOS), which is

responsible for generating nitric oxide (NO) from L-

Arginine (L-Arg)17. L-Arg/ADMA ratio is an indirect

indicator of NO bioavailability. Bilgiç et al showed ele-

vated ADMA concentrations and reduced L-Arg/ADMA

ratio in psoriatic patients compared to controls.18

Malondialdehyde (MDA) as a product of lipid perox-

idation is another widely used marker of oxidative stress.

Relhan et al found elevated MDA levels in psoriatic

patients compared to healthy controls.19 This was later

confirmed by a larger study published by Kadam et al.20

As a naturally occurring scavenger of free radicals, uric

acid seems to play an important role in the antioxidant

mechanisms of the body.21,22 However, according to a

meta-analysis Western European psoriatic patients have sig-

nificantly higher uric acid levels compared to controls.23

A non-enzymatic scavenger system is a part of the

defense system responsible for attenuating oxidative stress.

The “activity” of this system is measured by the total anti-

oxidant capacity (TAC). Several studies described that TAC

is reduced in psoriatic patients compared to controls.24–26

Orosomucoid (ORM) or α-1-acid glycoprotein is

another major acute phase protein mainly produced by

the liver, accounting for approximately 0.5–1.2 g/L of

serum proteins.27 Serum ORM (se-ORM) levels may

increase in several acute and chronic disorders in response

to systemic inflammation. Elevated se-ORM has been

found in patients suffering from infections, malignancies,

and autoimmune diseases such as rheumatoid arthritis,

inflammatory bowel disease, psoriasis, and after cardiac

surgery too.28–30 It appears that se-ORM is a non-specific

and non-sensitive marker of inflammation. Recent studies

have demonstrated that urinary orosomucoid (u-ORM)

could be a more sensitive, non-invasive biomarker of

inflammatory activation than se-ORM. The clinical utility

of u-ORM is yet to be explored.29 In healthy individuals,

urinary excretion of ORM is low; u-ORM concentrations

are 0.1–3.0 mg/L (0.01–0.3 mg/mmol if referred to urinary

creatinine).31 Nevertheless, increased u-ORM levels have

been described in certain acute and chronic diseases.29,32

The elevation of u-ORM seems to be associated with

systemic inflammation and endothelial dysfunction,

which are also considerable factors in the pathomechanism

of psoriasis.1–5 The current study was aimed at exploring

the connection between the oxidative stress markers men-

tioned earlierand cardiovascular risk in psoriatic patients.

QRISK®2-2017 (University of Nottingham and EMIS)

was used to assess 10-year risk of cardiovascular disease

development.33

Materials and methods
The present study was performed at our ISO 9001 accre-

dited Dermatology Rehabilitation Unit between November

2016 and August 2017. Inclusion criterion was the onset of

psoriasis with skin lesions. Exclusion criteria were

impaired renal function (eGFR<60 mL/min/1.73 m2),

acute inflammations (urinary, respiratory, skin inflamma-

tion, etc.), autoimmune disorders (rheumatoid arthritis,

systemic lupus erythematosus, inflammatory bowel dis-

ease), and any kind of biological antipsoriatic treatment

and withdrawal of consent. Patients with a medical history

of myocardial infarction, coronary heart disease, stroke,

transient ischemic attack and carotid artery stenosis were

also excluded. Venous blood and midstream first morning

urine samples were simultaneously obtained from every

patient.

The study protocol was approved by the Regional

Ethics Committee of The University of Pécs, Pécs,

Hungary (Permission No.: 5919/2.), in accordance with

the 2008 Helsinki declaration.

Written informed consent was obtained from every

patient.
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Psoriasis severity was measured by the Psoriasis Area

and Severity Index (PASI). Patients were categorized

based on PASI as mild (PASI<7) moderate (PASI 7-12)

and severe (PASI>12) groups.34 To rule out interobserver

errors, PASI was assessed by the same dermatologist in all

cases.

Laboratory tests were performed at the university’s

clinical laboratory (accreditation no.: NAH-1-1553/2016).

Conventional inflammatory parameters (high sensitivity C-

reactive protein (hsCRP), white blood cell count (WBC),

uric acid), and serum orosomucoid (se-ORM) were mea-

sured by routine procedures. MDA levels were measured

by using enzyme-linked immunosorbent assay (product

no.: MAK085-1KT, Sigma Aldrich, Saint Louis, MO,

USA). L-arginine, ADMA and SDMA levels were deter-

mined by liquid chromatography-tandem mass spectrome-

try method described by Martens-Lobenhoffer et al.35

Minor modifications were implemented to transfer the

method to our Dionex Ultimate 3000 HPLC/Thermo Q

Exactive setup (Thermo Fisher Scientific, Waltham, MA,

USA). Target substances were separated using a Kinetex

HILIC column (product no.: 00D-4461-AN; Phenomenex,

Torrance, CA, USA). Data obtained in MS2 mode were

extracted by pseudo-MRM method using the “Xcalibur 2.2

Qual Browser” evaluation software (Thermo Fisher

Scientific). L-arginine monohydrochloride (product no.:

A5131; Sigma Aldrich, Saint Louis, MO, USA), and NG,

NG Dimethylarginine dihydrochloride (product no.:

D4268; Sigma Aldrich) standards were used for calibra-

tion. The quantitation range was 0.0203–4.94 μM for

ADMA and 0.063–250 μM for L-arginine. The regression

coefficient was R2>0.995 and the precision was lower than

10% relative standard deviation (RSD) for all compounds

in case of the calibrations. The accuracy was ±15% for the

quality control (QC) samples (spiked plasma). U-ORM

was determined by an automated turbidimetric assay

using ORM immunparticles (Dako A/S, Glostrup,

Denmark).36 To avoid the influence of the variations of

urinary solute concentrations, u-ORM levels were divided

by u-creatinine (u-ORM/u-CREAT, mg/mmol). TAC was

determined by using a chemiluminescence-based

method.37

QRISK®2-2017 was calculated using a commercially

available calculator (https://qrisk.org/).33 The score was

calculated from the following parameters: age, sex, ethni-

city, smoking status, diabetes status, angina, or heart attack

in a 1st degree relative under 60, chronic kidney disease,

atrial fibrillation, on blood pressure treatment, rheumatoid

arthritis, cholesterol/HDL ratio, systolic blood pressure

(mmHg), and body mass index.

Statistical analysis was performed with IBM SPSS

Statistics for Windows Version 22 (IBM Corp., New

York, NY, USA). Values were compared by Mann-

Whitney U test. To reveal correlations, the Spearman’s

test was used. Data are presented as median and interquar-

tile (IQR). All p-values less than 0.05 were considered

statistically significant.

Results
One hundred and fourteen psoriatic patients were enrolled

in the present study (age 63±9.98). The clinical character-

istics of the involved patients and controls are presented in

Table 1. The mean PASI of the patients was 6.52±7.11.

Based on PASI, 78 of the patients had mild psoriasis, 20

had moderate, and 16 had severe psoriasis (34). As high as

33% of the patients had positive family history of psor-

iasis. The mean onset of psoriasis was 25.5±16.7 years.

Significantly higher hsCRP and s-ORM levels were found

when comparing the hsCRP and the s-ORM levels of the

mild psoriatic patients to the hsCRP and s-ORM levels of

the severe psoriatic patients (hsCRP, p=0.003; s-ORM,

p=0.005). Significantly higher u-ORM levels and u-

ORM/u-CREAT ratio were found in patients suffering

from moderate psoriasis when comparing the u-ORM

levels and u-ORM/u-CREAT ratio of the mild psoriatic

patients to the u-ORM levels and u-ORM/u-CREAT ratio

of the moderate psoriatic patients (u-ORM, p=0.003; u-

ORM/u-CREAT, p=0.005). Furthermore, u-ORM levels

and u-ORM/u-CREAT ratio were found to be significantly

higher in patients suffering from type I diabetes compared

to patients not suffering from type I diabetes (u-ORM

(p=0.041); u-ORM/u-CREAT (p=0.036)).

Table 1 Clinical characteristics of the involved individuals

Patients, n=114

Age, years 63±9.98

Male, n (%) 67 (59)

BMI, kg/m2 29.78±7.81

DM type 1, n (%) 8 (0.07)

DM type 2, n (%) 21 (18)

Hypertension, n (%) 87 (76)

Smoking, n (%) 21 (18)

PASI 6.38±6.92

QRISK2017, % 19.1±10.69

Abbreviations: BMI, body mass index; DM, diabetes mellitus; PASI, Psoriasis Area

Severity Index.
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Regarding complications, significantly higher ADMA

and MDA levels were found in patients suffering from

psoriatic arthritis when comparing the ADMA and the

MDA levels of the patients suffering from arthritis to the

patients not suffering from arthritis (ADMA (p=0.021);

MDA (p=0.021)). Detailed results of the biomarker mea-

surements are shown in Table 2.

U-ORM and u-ORM/u-CREAT showed significant cor-

relation with 10-year risk of cardiovascular disease devel-

opment (u-ORM, r=0.245; u-ORM/u-CREAT, r=0.309).

The detailed list of correlations is shown in Table 3.

Discussion
Psoriasis is a lifelong autoimmune disease affecting about 2–

4% of the population. It is responsible for considerable

psychosocial disability and negative effects on quality of

life.1–5 The increased prevalence of risk factors of cardiovas-

cular diseases, such as metabolic syndrome, diabetes, obe-

sity, hypercholesterolemia, hypertension, and endothelial

dysfunction, among psoriatic patients was described in sev-

eral studies.5,6,9,11,38,39 This was confirmed by a meta-analy-

sis published by Miller et al.6 According to Mehta et al,

severe psoriasis is responsible for an additional 6.2% abso-

lute risk of a 10-year rate of major adverse cardiac events.40

In the current study, 43% of the patients had high 10-year

cardiovascular risk (QRISK score higher than 20%).41

Psoriasis is considered as a systemic immune-mediated

inflammatory disease of the skin. Oxidative stress is a con-

siderable factor in the pathophysiology of psoriasis and car-

diovascular diseases.20,42 To the best of our knowledge, this

is the first study that compares the information provided by a

biomarker panel containing oxidative stress markers and

inflammatory markers to a cardiovascular risk score among

psoriatic patients. In this paper, we report the baseline values

of our biomarker panel. Seemingly, a 10-year follow-up

needs to be performed to evaluate its usefulness and feasi-

bility. The biomarker panel was compiled to represent dif-

ferent indicators of oxidative stress and inflammation. In

other words, we aimed to view the same picture from differ-

ent angles. CRP as a marker of general inflammation,14

ADMA16 and MDA9,20 as indirect indicators of oxidative

stress, L-Arg/ADMA as an indicator of NO bioavailability,18

and TAC and uric acid levels as indicators of free radical

scavenging capability.24–26 Furthermore, we aimed to com-

pare the levels of s-ORM and u-ORM to these recognized

markers. In line with previous findings, hsCRP and s-ORM

levels were found to be significantly higher in severe psor-

iatic patients compared to mild psoriatic patients.10–12,43,44 T
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When comparing mild psoriatic patients to moderate

psoriatic patients, significant differences could only be

found in u-ORM and u-ORM/u-CREAT ratio. On the

other hand, the difference of u-ORM and u-ORM/u-

CREAT ratio did not reach statistical significance when

comparing mild psoriatic patients to severe psoriatic

patients. This can be explained with the low number of

patients of severe psoriatic patients (n=16). However, the

levels of non-specific inflammatory markers (s-ORM and

CRP) were significantly higher in patients suffering from

severe psoriasis compared to mild psoriatic patients. This

indicates that in the case of severe psoriatic patients some

grade of systemic inflammation is present.9,45 In our pre-

vious study, both u-ORM and u-ORM/u-CREAT ratio

were significantly higher in psoriatic patients compared

to controls.45 Taking this into account, u-ORM and u-

ORM/u-CREAT ratio could be used as an indicator of

low-grade inflammation or oxidative stress in mild and

moderate psoriasis, as other biomarkers investigated in

this study were not able to indicate significant inflamma-

tion or excessive oxidative stress in the case of mild and

moderate psoriatic patients. However, further research is

needed to clarify the clinical usefulness of u-ORM.

Another finding of our study is that there was signifi-

cant correlation with u-ORM and QRISK score. The evi-

dence on the connection between u-ORM and CV diseases

is limited. Hou et al found increased u-ORM levels in

patients suffering from heart failure compared to healthy

controls.32 Other studies found that u-ORM could be a

marker of endothelial dysfunction and atherosclerosis.46,47

Furthermore, the urinary excretion of ORM seems to be

strongly associated with diabetes mellitus, which is a

known risk factor of CV diseases. This was confirmed by

our study; u-ORM levels and u-ORM/u-CREAT ratio were

found to be significantly higher in patients suffering from

diabetes mellitus46,47 Taking all this together, we suggest

that u-ORM can be an indicator of cardiovascular risk

among psoriatic patients.

Among the limitations of the study, the low number of

severe and moderate psoriatic cases can be mentioned. The

lack of a control group can be seen as a limitation as well.

Moreover, due to the relatively low number of patients, the

existence of a beta-type error cannot be ruled out.

However, the main goal of the study will have been

fulfilled by the end of the 10-year follow-up period.

Conclusion
U-ORM and u-ORM/u-CREAT ratio could be used as an

indicator of low-grade inflammation in mild and moderate

psoriasis. U-ORM seems to be in connection with cardio-

vascular risk in psoriatic patients. However, the 10-year

follow-up of cardiovascular events will determine the fea-

sibility of this biomarker panel.
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Table 3 List of correlations

QRISK hsCRP MDA Uric acid TAC p-ORM u-ORM u-ORM/u-CREAT

QRISK – n.s. n.s. n.s. n.s. n.s. 0.245 0.309

hsCRP n.s. – 0.220 0.288 0.383 0.529 0.213 0.284

MDA n.s. 0.220 – n.s. n.s. n.s. n.s. n.s.

Uric acid n.s. 0.288 n.s. – 0.661 0.226 n.s. n.s.

TAC n.s. 0.383 n.s. 0.661 – n.s. n.s. n.s.

s-ORM n.s. 0.529 n.s. 0.226 n.s. – n.s. n.s.

u-ORM 0.245 0.213 n.s. n.s. n.s. n.s. – 0.896

u-ORM/u-CREAT 0.309 0.284 n.s. n.s. n.s. n.s. 0.896 –

Abbreviations: hsCRP, high sensitivity C-reactive protein; TAC. total antioxidant capacity; MDA, malondialdehyde; L-arg, L-arginine; se-ORM, serum orosomucoid; u-ORM,

urinary orosomucoid; u-ORM/u-CREAT, urinary orosomucoid/urinary creatinine ratio.
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