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ABSTRACT
Background: Psoriasis is an immunologically mediated and inflammatory skin disease, which is closely associated
with some comorbid conditions such as cardiovascular disease and insuline resistance. It has identified that adropin is
important for regulation of glucose, lipid metabolisms, energy and homeostasis. Ischemia Modified Albumin (IMA)
generated by reactive oxidant radical is found to be sensitive marker of ischemic heart disease related to oxidative
stress. We aimed adropin and IMA levels in psoriasis patients in comparison with healthy controls and their possible
relation with duration and severity of disease. Materials and Methods: A total of 44 patients and 43 controls were
included in this cross-sectional study, and disease severity was evaluated according to psoriasis area severity index (PASI)
scoring. Demographic data, clinical features, anthropometric measures and laboratory findings were recorded in all
study subjects. Serum adropin and IMA levels were measeured using enzyme-linked immunosorbent assay (ELISA)
kit. Results: Psoriasis patients had higher values for IMA and C-reactive protein (CRP) compared to the control group.
Adropin levels was decreased in the serum of psoriasis patients. The PV patients with PASI>10 had significantly lower
adropin than psoriasis patients with PASI≤10, but had no significant different IMA levels between psoriasis patients with
PASI≤10 and PASI>10. Duration and severity of disease and CRP levels positively correlated with IMA and negatively
correlated with adropin in psoriasis patients.Conclusion: These findings indicate the relationship between psoriasis and
significantly decreased adropin and increased IMA, along with chronic inflammation and oxidative stress, as associated
mainly with long disease duration and severe disease.
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INTRODUCTION
Psoriasis is immune-mediated chronic and recurrent,
sistemic inflammatory skin disease, which is closely
associated with oxidative stress (OS). Most characteristic
skin lesions are red, scaly sharply demarcated, indurated
plaques [1,2]. The etiological and genetic factors
for psoriasis is yet not exactly known. But some of
reasons like skin infection, drugs, trauma, emotional
stress, smoking and alcohol are influences the clinical

development of psoriasis [1-3]. In the previous
studies, psoriasis is reported to be related to systemic
diseases such as hyperlipidemia, hypertension, insulin
resistance (IR), metabolic and cardiovascular diseases
(CVD) [4-10]. Psoriatic inflammation leads to
development of these diseases [5,10]. In fact, psoriasis
has been shown to be an independent risk factor for
these systemic diseases [4,10]. The increased incidence
of cardio-metabolic diseases in psoriasis is caused
by underlying systemic inflammation together with
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increased frequency of traditional cardio-metabolic
diseases risk factors, which have been in patients with
psoriasis [4-7,10].
Adropin is identified protein encoded by the energy
homeostasis-associated gene (En-ho) in the brain
and liver [11]. It has a role in the maintenance of the
insülin resistance and energy homeostasis, related to
atherogenesis [11,12]. Adropin affects adiposity and is
involved in preventing insülin resistance, dyslipidemia,
and impaired glucose tolerance [12-14]. It has reported
that increased level of adropin has been shown in
various tissues of diabetic rats [14]. In another study,
it has determined that lower adropin level leads
to endothelial impairment and dysfunction [12].
Furthermore, low serum adropin introduced as a merker
of clinically relevant coronary atherosclerosis [12-14].
Ischaemia-modified albumin (IMA), is measured
by the albumin cobalt binding test, is reported as
a promising marker for cardiac ischaemia [15,16].
Recent studies reported that IMA is also increased in
cardio-metabolic diseases associated with OS such as
hypercholesterolaemia, renal disease, polycystic ovary
syndrome, obesity and type 2 diabetes mellitus [17-19].
It was reported that IMA levels are higher in patients
with psoriasis than in healthy controls in patients with
psoriasis in studies of Ozdemir M et al. [20], Isik S
et al. [21] and Chandrashekar L et al. [22] Three
studies reported that increased IMA levels of psoriasis
patients is associated with increased systemic
inflammation and OS in psoriasis [20-22].
We tried to to find outwhether serum adropin and
IMA in patients with psoriasis, and to determine
the relationship of serum adropin and IMA with
demographic, clinical and laboratory characteristic.

MATERIALS AND METHODS
This cross-sectional study was performed in accordance
with the guidelines of Helsinki Declaration and it was
approved by the local ethical committee.
Subjects
This study reviews 44 patients with psoriasis who were
admitted to the department of dermatology and 41
healthy volunteers. The patients with psoriasis plaques,
the patients who received topical treatment for the
last four weeks, the patients who received systemic
treatment in the last three months, the patients
© Our Dermatol Online 4.2018

with concurrent systemic disorders (coronary artery
disease, liver failure, renal failure, malignancy etc), the
patients who had a habit of smoking and/or alcohol
consumption, the patients with pregnancy and the
breastfeeding patients were excluded. Special care was
exercised to match the study and control groups for
age and sex. Demographic features, anthropometric
measures and blood pressure values were recorded.
Psoriasis duration was obtained by self report of the
patients. Age, weight, height, and body mass index
[BMI; weight (kilograms)/height (meters) 2] were
evaluated at baseline. fasting plasma glucose (FPG),
CRP and lipid profile [total cholesterol, triglyceride,
high density lipoprotein cholesterol (HDL-C),
low density lipoprotein cholesterol (LDL-C)] at
diagnosis as metabolic analysis were performed. Low
density lipoprotein cholesterol (LDL-C) (LDL=total
cholesterol- [HDL + (Triglyceride/5)]) were calculated
as previously described. Disease severity was assessed
by PASI and grouped as A PASI score below or equal 10
was defined as “mild disease” and above 10 was defined
as “moderate-severe disease”.
Collection of Blood Samples
Venous blood samples were collected in the early
morning following a 8-hour-long fasting period.
Sodium citrate and ethylenediamine tetraacetic acid
(EDTA) were used as anticoagulants in the collection
of these samples. It was made sure that none of the
samples was icteric or hemolyzed. Then the samples
were centrifuged at 3600 rpm for 10 minutes and kept
at -80°C until analysis.
Laboratory Analysis
Serum CRP levels were measured by turbidimetry
(660 nm/700 nm) with a Cobas 6000 Analyzer (Roche
Diagnostics, USA). Results were compared with those
obtained using typical immunoturbidometry. FPG
was measured with Cobas 6000 Analyzer (Roche
Diagnostics, USA) by using the UV hexokinase
method. Triglyceride and total cholesterol was
determined with the enzymatic colorimetric assay,
HDL-C was determined with the homogenous
enzymatic colorimetric assay [23]. Serum IMA levels
were measured by using colorimetric assay method
previously described by Bar-Or et al. (24). This
colorimetric method is based on biochemical properties
of albumin to bind exogenous cobalt. In brief, 200 lL
of a subject serum was added to 50 lL of 0.1% cobalt
II chloride (CoCl2, 6H2O) (Sigma-Aldrich Chemie
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GmbH Riedstrasse 2, Steinheim, Germany) followed
by mixing and 10 minutes of incubation in the dark
at 37 C to allow for cobalt albumin cobalt binding.
Then, a total of 50 lL dithiothreitol (DTT) were added
as a coloring agent. After 2 minutes of incubation,
1 mL of 0.9 sodium chloride was added in order to
reduce the binding capacity. The blank was prepared
similarly with distilled water instead of DTT. The
absorbance of samples was measured at 470 nm using
a spectrophotometer (Jenway 6315 UV/visible Scanning
Spectrophotometers, United Kingdom). IMA results
were expressed in absorbance units (ABSUs). Each
sample was measured in duplicate and the mean value
was reported. Serum adropin levels were determined
by ELISA method using an appropriate commercial kit
(Cusabio Biotech Co., Wuhan, China). The minimum
detectable dose of adropin was 0.0156 ng/ml.
Statistical Analysis
To complete statistical assessments, the Statistical
Package for Social Sciences (SPSS) software for
Windows 18 (IBM SPSS Inc., Chicago, USA)
was used. Continuous variables were expressed
as mean±standard deviation. The normality of
distribution of continuous variables was evaluated by
the Kolmogorov–Smirnov, and therefore compared
with independent sample Student t-test or Mann–
Whitney U-test. Categorical variables were compared
with chi-square statistic or Fisher’s exact test when
appropriate. The Pearson/Spearman correlation analysis
was also used to analyze the relationship between
numeric parameters. A p-value less than 0.05 was
considered to be statistically significant.

RESULTS
The patient group included 44 psoriasis patients
(20 males and 24 females). The control group included
41 age- and sex- matched healthy individuals (23 females
and 18 males). The characteristics of the study groups
are summarized in Table 1. Psoriasis patients had
significantly higher values for BMI (27.7±5.2 kg/m² vs.
23.3±1.4 kg/m²,p<0.001) compared to the controls.
Psoriasis patients had significantly higher mean FPG
(89±14.5 mg/dL vs. 83.8±8.2 mg/dL, p<0.001, Table 1),
CRP (19.9±3.4 mg/dL vs. 3.4±0.8 mg/dL, p<0.001,
Table 1) and triglyceride levels (126.6±60.2 mg/dL vs.
104.2±55.5, p<0.05, Table 1) compared to the control
group. When compared to controls, adropin levels
(137.4±49.2 ng/ml vs. 169.0±43.9 ng/ml, p<0.001,
Table 1) were found to be lower in psoriasis patients
© Our Dermatol Online 4.2018

Table 1: Comparison in the characteristics of the control and
psoriasis groups
Parameters
Control
Psoriasis
group
group
N: 41
F/M

P

N: 44

23/18

24/20

NS

Age (year)

32.2±8.1

33.5±8.7

NS

BMI (kg/m²)

23.3±1.4

27.7±5.2

<0.001

-

10.0±1.9

Duration of disease (years)
PASI

-

9.9±3.2

CRP (mg/dL)

3.4±0.8

9.9±3.4

<0.001

FPG (mg/dL)

83.8±8.2

89±14.5

<0.001

LDL (mg/dL)

94.2±34.7

98.7±33

NS

Triglyceride (mg/dL)

104.2±55.5

126.6±60.2

<0.05

TC (mg/dL)

173.8±41.7

175.5±38.1

NS

HDL (mg/dL)

57.2±15

51.9±15.3

NS

Ischaemia-modified
albümin (ABSU)

0.4±0.1

0.6±0.1

<0.001

169.0±43.9

137.4±49.2

<0.001

Adropin (ng/ml)

Data werepresented as mean ± SD
N=number of volunteer; NS=nonsignificant; BMI=body mass index; F/M
females/males; PASI=Psoriasis area severity index; FPG=Fasting plasma
glucose; CRP=C-reactive protein; LDL=low-density lipoprotein; TC=Total
cholesterol; HDL=high density lipoprotein.

while IMA levels (0.6±0.1 ABSU vs. 0.4±0.1 ABSU,
p<0.001, Table 1), were found to be higher in psoriasis
patients.
According to disease severity, psoriasis patients were
divided into two groups: 29 psoriasis patients with
PASI≤10 (20 females and 7 males), 15 psoriasis
patients with PASI>10 (6 females and 9 males). Table 2
summarizes the characteristics of the healthy controls,
psoriasis patients with PASI≤10 and PASI>10. When
compared to healthy controls, psoriasis patients with
PASI≤10 and PASI>10 had significantly higher BMI
and FPG, (p<0.05 for all, Table 2). The psoriasis
patients with PASI≤10 and psoriasis patients with
PASI >10 had significantly lower adropin values than
healthy controls (p<0.05 for all, Table 2). The psoriasis
patients with PASI>10 had significantly higher disease
duration and PASI values than psoriasis patients with
PASI≤10 (p<0.001 for both, Table 2). The psoriasis
patients with PASI>10 had significantly higher CRP
values than psoriasis patients with PASI≤10 (p<0.05
for both, Table 2). The psoriasis patients with PASI>10
had significantly lower adropin levels than psoriasis
patients with PASI≤10 (p<0.05, Table 2). There were
no statistically significant differences in IMA levels
between the groups (p> 0.05 for all, Table 2).
Table 3 shows the correlations among BMI, disease
duration, PASI and CRP with adropin and IMA
parameters in psoriasis patients. We founded that
psoriasis patients had adropin was negatively correlated
365
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duration and PASI, while IMA levels was positively
correlation between disease duration and PASI.

with duration of disease, PASI and CRP (r:-0.763,
r: -0,741 and r:-0,682, p<0.001 for all, Table 3). On the
other hand, a positive correlation between IMA levels
and duration of disease, PASI and CRP was observed
(r:0.448, r:0.438 and r:0.439, p<0.05 for all, Table 3).

Neutrophils seem to play an effective role to the
development of inflammation and oxidative stres in this
disease [25,26]. That is, inflammatory cytokines and
OS markers are increased within tissues and peripheral
circulation of the patients with psoriasis [26,27].
Inflammatory cytokines such as E-selectin, intracellular
adhesion molecule-1, haptoglobin, interleukins (IL)
and tumor necrosis factor-alpha (TNF- ) participate
in the proliferation of keratinocytes within psoriatic
lesions [25-27].

DISCUSSION
Psoriasis is a chronic and immune mediated skin disease
accepted as a significant risk factor for CVD [5-7].
Adropin and IMA are accepted to partipicate a play role
in the development and progression of some disease
related to inflammation [11-13,15-19]. This study
aimed to investigate how adropin and IMA levels are
altered in psoriasis patients and whether adropin and
IMA levels correlate with the severity and duration
of psoriasis. In this study, patients with psoriasis were
shown to have significantly lower levels of adropin
and higher levels of IMA than healthy controls. We
found a significant difference between the adropin
levels of the patients with moderate to severe psoriasis
and the patients with mild psoriasis, but there was no
significant difference between the IMA levels of the
two groups. It was founded that psoriasis patients had
adropin levels was negatively correlated with disease

Adropin play a role in the maintenance of energy
homeostasis and insulin response, closely related to
atherogenesis [28]. Lower serum adropin level has
recently been shown in studies investigating CVD
risk leads to endothelial impairment and dysfunction,
a marker for early event in atherogenesis and onset
of CVD as well as a marker for clinically relevant
coronary atherosclerosis [13]. It is well known that
psoriatic inflammation leads to development of
CVD and psoriasis has been an independent effector
for CVD [5-9]. In this study, patients with psoriasis

Table 2: Comparation of the characteristics of the healthy controls, psoriasis patients with PASI≤10 and PASI>10
Parameters
Control
Psoriasis patients with
Psoriasis patients with
PASI≤10 (n=29)
PASI>10 (n=15)
(n=41)
F/M

p-value

23/18

20/7

6/9

NS

Age (year)

32.29±8.1

33.6±9.3

33.1±7.8

NS

BMI (kg/m²)

23.3±1.4

<0.05†‡

28.1±5.2

26.8±5.3

Duration of disease (years)

9.4±1.8

11.4±1.6

0.001§

PASI

8.1±1.2

13.4±3.1

<0.001§

CRP (mg/dL)

3.4±0.8

8.3±2.3

13.1±3.0

<0.05†‡§

FPG (mg/dL)

83.8±8.2

85.9±22.6

90.6±7.7

<0.05†‡

LDL (mg/dL)

93.7±34.8

99.2±29.7

100.1±34.1

NS

Triglyceride (mg/dL)

104.2±55.5

122.6±63

128.7±59.7

NS

TC (mg/dL)

173.8±41.7

174.8±35.0

177.8±44.7

NS

57.2±15

55.4±17.1

50.1±14.3

NS

HDL (mg/dL)
Ischaemia-modified albumin (ABSU)
Adropin (ng/ml)

0.4±0.1

0.6±0.0

0.6±0.2

NS

169±43.9

150.4±553.5

112.2±26.4

<0.05†‡§

Data werepresented as mean ± SD
N=number of volunteer; NS=nonsignificant; F/M=females/males; PASI=psoriasis area severity index; BMI=body mass index; FPG=Fasting plasma glucose;
CRP=C-reactive protein; LDL=low density lipoprotein; TC=Total cholesterol; HDL=high density lipoprotein

Table 3: Correlation of adropin and ischaemia-modified albumin with characteristics in psoriasis patients
BMI

Duration of disease

PASI

CRP

r

p

r

p

r

p

r

p

IMA

0.167

NS

0.448**

<0.001

0.438**

<0.001

0.439**

°<0.001

Adropin

−0.177

NS

−0.763**

<0.001

−0.741

<0.001

−0.682

<0.001

The P values < 0.05 were assessed as statistically significant; they were presented in bold.
IMA = ischaemia-modified albumin
BMI = body massindex; PASI = psoriasisareaseverityindex; CRP = c-reactive protein.
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who did not have any major CVD risk factors were
shown to have higher levels of CRP and lower levels
adropin than the controls lacking any majör CVD risk
factors. Morever, we found that adropin levels of the
patients with moderate to severe psoriasis lower than
patients with mild psoriasis. The adropin correlated
negatively with disease severity, disease duration and
CRP in all psoriasis patients. The decresed adropin
possibly reflects the association between psoriasis
inflammation and CVD risk in psoriasis patients
without any concomitant CVD risk factor presence.
The increase in the generation of reactive oxygen
species (ROS) by neutrophils, keratinocytes and dermal
fibroblasts plays a key factor in the pathogenesis of
psoriasis. It has been postulated that the increase in the
production of inflammatory cytokines by neutrophils,
keratinocytes and dermal fibroblasts triggers oxidative
stres [26,29-31].
IMA is an oxidatively modified form of albumin. IMA
has been studied and regarded as a sensitive biomarker
for the diagnosis of oxidatie stress (OS) related clinical
conditions [16-19]. It was reported that IMA levels
increase in the progression of metabolic syndrome [18],
hyperlipidaemia [19], type 2 DM [32] myocardial
infarction [33], coronary artery disease [34], which are
also associated with psoriasis. Isik S et al. [21] reported
that IMA increased in patients with psoriasis and it was
correlated with disease duration but was not correlated
with PASI. Ozdemi M et al. [20] reported that IMA
levels are higher in patients with psoriasis than in
healthy controls and IMA did not correlate with any
disease characteristics. Chandrashekar L et al. [21]
reported that serum IMA levels were significantly
elevated and IMA showed a significant positive
correlation with PASI score in psoriasis. In three study,
reserchers reported that increased IMA levels support
the role of OS role in the systemic inflammation
seen in pathogenesis of co-morbidities associated
with psoriasis, and especially with long disease duration
and severe disease. Complying with studies of Isik S
et al. [21], Ozdemir M et al. [20], Chandrashekar L
et al. [21], we founded that psoriasis patients had
significantly higher IMA levels than the controls. There
were no statistically significant differences in IMA
levels between the patients with moderate to severe
and mild psoriasis. The IMA correlated positively with
CRP as well as disease duration and PASI in all psoriasis
patients. This findings suggested that increased IMA
may reflect OS with associated chronic inflammation
in patients with psoriasis and increased OS may
© Our Dermatol Online 4.2018

contribute to development of CVD, as associated
mainly with long term disease duration and severe
disease. Such a contradictory finding of correlation
according to other studies may be attributed to the
differences in demographic and clinical characteristics
of the reviewed patients, variations in biochemical
measurement methods and heterogeneity in study
populations.
In conclusion, we evaluated adropin and IMA levels
and their relationship with duration and severity of
disease in psoriasis patients in this study. We founded
that IMA increased and adropin decreased in psoriasis
patients. Cardiovascular risk factors such as higher
BMI, dyslipidemia, FPG and CRP values were found
to be more common in psoriasis patients. Additionally,
psoriasis patients were demonstrated to have a
significant positive correlation among IMA, disease
duration, PASI and CRP paramaters, while a positive
correlation among adropin, disease duration, PASI and
CRP parameters. Chronic inflammation may play a
role in the pathogenesis of increased OS in psoriasis.
However, these findings should be interpreted carefully
as the power of this study is limited by its relatively
small cohort and lack of prospective data. In order to
determine role of OS and sistemic inflammation on
this disease or to understand the association between
OS, psoriasis and metabolic disorders, further studies
including large number of patients are needed.
Statement of Human and Animal Rights
All procedures followed were in accordance with the
ethical standards of the responsible committee on
human experimentation (institutional and national)
and with the Helsinki Declaration of 1975, as revised
in 2008.
Statement of Informed Consent
Informed consent was obtained from all patients for
being included in the study.
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