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Background & objectives: Psoriasis is a recurrent hyper-proliferative skin disease which is often associated
with free radical generation, abnormal lipid metabolism and increased inflammatory secretion that
induce cardiovascular risk in these patients. The present study was intended to evaluate serum lipids,
lipoprotein and oxidants-antioxidants status and to establish their relationship with atherogenic risk
markers [oxidized low-density lipoprotein (oxLDL) and high-sensitivity C-reactive protein (hsCRP)] in
patients with psoriasis.
Methods: The study was conducted on 150 psoriasis patients and 150 age- and sex-matched healthy
controls. Overnight fasting blood samples were obtained for lipids, lipoproteins, lipid oxidation and
peroxidation products [oxLDL, malondialdehyde (MDA)], antioxidant enzymes [reduced glutathione
(GSH) and total antioxidant status] levels and hsCRP estimations.
Results: The mean levels of atherogenic lipids [total cholesterol (P<0.001), triacylglycerol (P<0.01)],
lipid peroxidation products (P<0.001) and oxLDL and hsCRP (P<0.001) levels in patients with psoriasis
were found to be significantly higher than those of healthy controls. On the other hand, ferric-reducing
ability of plasma (FRAP, P<0.001) and antioxidant enzyme activities (reduced GSH, P<0.01) were
significantly lower when compared to healthy controls. The plasma oxLDL was positively correlated to
LDL cholesterol (P<0.001) and MDA (P<0.001) and negatively associated with antioxidant status in these
patients. Serum MDA, FRAP and oxLDL were correlated with risk of atherosclerosis in the patients with
psoriasis; however, no significant association was found between reduced GSH and hsCRP.
Interpretation & conclusions: The study results suggest that LDL oxidation and reactive oxygen species
in addition to inflammatory markers may play a pivotal role in inducing atherosclerosis in patients of
psoriasis.
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Psoriasis is an autoimmune inflammatory disease
of the skin. Various exogenous and endogenous factors
along with other biochemical and genetic parameters

are known to affect the severity of disease, but the exact
mechanism of the disease is not known1. T-lymphocytes
along with other immune and phagocytic cells
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contain reduced nicotinamide adenine dinucleotide
phosphate (NADPH) which produces reactive oxygen
species (ROS) in immunocompromised condition.
The sedentary lifestyle, along with emotional and
behavioural (alcoholism and smoking habit) factors,
can further stimulate these inflammatory responses,
thereby further inducing generation of free radicals2,3.
The endogenous antioxidant defence system of
the body fails to replenish the damage, and the
unfavourable skin metabolism further worsens the
situation for patients of psoriasis4. Peroxynitrite and
hydroxyl radicals produced by lipid peroxidation
[malondialdehyde (MDA)] damage cell membranes,
lipoproteins and a large number of lipid molecules.
Uptake of oxidation product of low-density lipoprotein
(oxLDL) by macrophages in the vascular wall can lead
to the development of atherosclerosis5.
Psoriasis besides being a skin disorder is
also a systemic inflammatory disease leading to
atherosclerosis6,7. Different cross-sectional and
case-control studies across the country have reported
higher prevalence of cardiac risk in patients of
psoriasis8,9. Khunger et al9 reported increased risk
(22%) of metabolic syndrome (MS) in patients with
psoriasis as compared to healthy controls. Since
the age of onset of psoriasis can be as early as 15
(early adolescence), it becomes even more important
to emphasize on the mechanism of the disease which
leads to increased cardiac risk in these patients.
Recent biomedical data have revealed that psoriasis
and other inflammatory diseases such as rheumatoid
arthritis and systemic lupus erythematosus are often
associated with increased incidence of atherosclerosis
due to shared pathogenic mechanisms of oxidative
stress, dyslipidaemia and inflammation6,10,11. However,
contradictory results have also been reported12. Small
LDL particles can accumulate in the tunica intima to
initiate atherosclerosis. These LDL particles undergo
oxidative modification producing oxLDL that may
enter macrophages to get transformed into foam
cells, leading to the development of atherosclerotic
plaques. Products of oxLDL may aggravate vascular
wall cells to produce cytokines and inflammatory
mediators, thereby promoting low-grade inflammation
and progression of atherosclerotic plaques. One such
known inflammatory mediator that is atherogenic
is high-sensitivity C-reactive protein (hsCRP). The
present study was undertaken to measure the circulating
oxLDL and hsCRP in relation to oxidants/antioxidants
status of psoriasis patients. The effect of severity of
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disease on relationship between oxidative stress and
atherogenic parameters was also evaluated.
Material & Methods
One hundred and fifty consecutive psoriasis
patients (>18 yr of age) attending the outpatient
department of Dermatology of University College of
Medical Sciences (UCMS) and Guru Teg Bahadur
(GTB) Hospital, Delhi, India, from 2013 to 2015 who
satisfied the inclusion and exclusion criteria and equal
number of age and sex matched healthy volunteers
(from hospital staff who were free from any systemic
disease) were included in the study. Measurable
confounders [age, sex and body mass index (BMI)]
were adjusted. Participants on medication for any
systemic disease and retinoid therapy were excluded
from the study. This study was approved by the
Institutional Ethical Committee and written informed
consent was obtained from all patients and controls.
Anthropometric and clinical data pertaining to disease
and family history of cardiovascular disease or/and
psoriasis in the first- and second-degree relatives were
collected from patients, at the time of recruitment. History
of medication and presence of any other comorbidities
were investigated, particularly dyslipidaemia, type 2
diabetes and depression. Information concerning lifestyle
factors, including physical activity, diet, smoking and
alcohol habits of patients was collected.
Weight, height, waist circumference13 and blood
pressure were measured during physical examination.
BMI was calculated using the standard formula:
BMI = weight (kg)/height (m)2.
Psoriasis area severity index (PASI) was used to
assess severity of the disease. Patients with PASI score
>20 were considered to have severe psoriasis14.
Assay for biochemical parameters: Fasting blood
samples (5 ml) were collected from these patients for
the laboratory investigations including lipid profiling
and blood glucose estimation as described earlier15.
According to the National Cholesterol Education
Programme Adult Treatment Panel III (NCEP
ATP III) Guidelines16, total cholesterol (TC) ≥200 mg/dl
and/or LDL-cholesterol (LDL-C) ≥160 mg/dl and/or
high-density lipoprotein (HDL)-cholesterol <50 mg/dl
for women or <40 mg/dl for men and/or triglycerides
(TG) ≥150 mg/dl were defined as dyslipidaemia.
The assessment of metabolic risk was based on
the presence of three or more conventional risk factors
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which take into account central obesity, smoking
index, hypertension, dyslipidaemia and diabetes
(The American Heart Association Guidelines)17.

Table I. Frequency distribution of clinical variables of the
psoriasis patients (n=150)
Variables

n (%)

OxLDL levels in patients and healthy controls
were measured using the method of Ahotupa et al18.
MDA was taken as a marker of oxidative stress and
its level in serum samples was estimated by Satoh
method19. Blood reduced glutathione (GSH) levels
were determined by a method developed by Beutler
et al20 which was based on the development of a stable
yellow colour, when 5-5 dithionine 2-nitrobenzoic acid
was added to a sulphydryl compound. Ferric-reducing
ability of plasma (FRAP) method was based on the
reduction of ferric tripyridyltriazine complex to ferrous
tripyridyltriazine [Fe (II)-TPTZ] by a reductant at low
pH. The blue-coloured Fe(II)-TPTZ was monitored at
593nm21. Serum hsCRP levels were evaluated using an
ELISA Kit (DRG International, Inc., USA).

Gender

Statistical analysis: The statistical analysis was done
using SPSS version 22.0 (IBM Corp., Armonk, NY,
USA). The normality of continuous data was assessed
by the Kolmogorov–Smirnov test. Comparison between
cases and controls was done using Student’s t test.
Continuous variables were expressed as mean±standard
deviation while categorical variables as percentage.
Various patient groups were compared using one-way
ANOVA test followed by Tukey’s test for post hoc
multiple comparisons. Pearson’s correlation analysis
was used to determine the correlation between hsCRP
and oxidative parameters.

NCEP, National Cholesterol Education Programme

Results
A total of 150 psoriasis patients (95 males and
55 females) and equal number of age-, sex- and
BMI-matched controls participated in the study.
Enrolled participants were between 18 and 65 yr of age
(patients; 39.56±11.86 yr vs controls; 37.50±12.55 yr).
Most of the patients were from 31 to 40 yr of age group.
Early exacerbation (<20 yr of age) was observed in
18 per cent of diseased population. Eighty six per cent
(129) patients were suffering with most common
variant of psoriasis, psoriasis vulgaris. Next most
common variant was guttate psoriasis (n=14, 9.3%)
followed by erythrodermic psoriasis (n=4, 2.6%) and
pustular psoriasis (n=3, 2%) (Table I). The mean of
PASI score was 14.96±9.33 for patients.
Assessing the anthropometric factors between
the two groups, no significant difference was found
between BMI of the two groups (patients; 25.35 ± 3.10

Females

55 (36.66)

Males

95 (63.33)

Clinical form
Plaque psoriasis

129 (86)

Guttate psoriasis

14 (9.4)

Erythrodermic

4 (2.6)

Pustular psoriasis

3 (2)

Conventional cardiac risk factors
Smoking/alcohol consumption

30 (20)

Central obesity (NCEP guidelines)

16

40 (26.66)

Hypertension

27 (18)

Diabetes

15 (10)

Dyslipidaemia

40 (26.66)

vs controls 24.57 ± 3.65 kg/m2). The diastolic blood
pressure was significantly higher in psoriasis patients.
Twenty per cent of patient population had more than
three conventional cardiac risk factors making them
more susceptible to MS. Examining the lipid profile of
the two groups (Table II), levels of TC (P<0.001) and
TG (P<0.01) were significantly higher in patients when
compared with healthy controls. Though the difference
in serum LDL of the two groups was not significant,
plasma oxLDL (P<0.01) levels and oxLDL-to-LDL
ratio (P<0.01) were significantly higher in psoriasis
patients. Plasma oxLDL was also found to be associated
with oxLDL/LDL ratio (r=0.685, P<0.001) and LDL
levels (r=0.871, P<0.001) in psoriasis patients. A
significant increase was observed in levels of hsCRP
(P<0.001) of psoriasis patients when compared with
healthy controls. Psoriasis patients had significantly
higher serum MDA (P<0.001) levels and decreased
reduced GSH (P<0.01) and FRAP (P<0.001) level as
compared to healthy controls (Table III).
When the psoriasis patients were segregated on the
basis of severity index (Table IV) - mild (PASI: 1-10),
moderate (PASI: 11-20) and severe (PASI: 21and above)
groups, oxLDL levels were significantly increased
in severe cases when compared with mild (P<0.001)
and moderate (P<0.001) psoriasis patients. There was
severity-wise increase in serum MDA levels. FRAP
activity was significantly reduced in patients with high
severity index when compared with those with low
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Table II. Biochemical parameters of healthy controls and
psoriasis patients
Biochemical
Healthy
Psoriasis
parameters
controls (n=150)
patients (n=150)
Fasting
83.17±13.66
93.22±11.06
glucose (mg/dl)
Postprandial
109.89±13.81
133.80±19.74
glucose (mg/dl)
Total cholesterol
148.05±21.63
200.29±21.49***
(mg/dl)
HDL‑C (mg/dl)
44.39±8.30
34.79±6.28
Triglycerides
91.66±23.75
122.22±35.99**
(mg/dl)
LDL‑C (mg/dl)
128.5±28.52
135.05±21.04
oxLDL (µmol/l)
38.12±5.03
46.5±8.62**
oxLDL/LDL‑C
10.9±3.4
12.6±3.9**
hsCRP (mg/l)
2.07±0.7
5.64±2.02***
P **<0.01, ***<0.001 compared to controls. HDL‑C,
high‑density lipoprotein‑cholesterol; LDL‑C, low‑density
lipoprotein‑cholesterol; oxLDL, oxidized LDL; hsCRP,
high‑sensitivity C‑reactive protein
Table III. Comparison of oxidative stress parameters of
patients and controls
Variables
Mean±SD
Healthy
Psoriasis
control (n=150)
patients (n=150)
MDA (nmol/ml)
1.84±0.37
3.67±0.74***
Reduced
38.57±3.69
34.95±3.39**
glutathione
(mg/dl)
FRAP (µmol/l)
739.22±75.06
532±69.42***
P **<0.01, ***<0.001 compared to controls. SD, standard deviation;
MDA, malondialdehyde; FRAP, ferric‑reducing ability of plasma
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PASI score. However, GSH levels were comparable
in patients with moderate-to-severe psoriasis. Serum
hsCRP levels were higher in severe cases when
compared to patients with mild-to-moderate severity.
There was significant (P<0.001) association
between oxLDL and serum MDA in different patient
groups. A negative correlation of reduced GSH
(moderate: P<0.05; severe: P<0.001) and FRAP
(P<0.001) with oxLDL was observed among the three
different subgroups of psoriasis patients (Table V).
Plasma oxLDL was positively correlated to serum
hsCRP (r=0.305, P<0.01). An association of serum
MDA and plasma FRAP levels was observed with
oxLDL and hsCRP (P<0.001). However, reduced GSH
was not associated to serum hsCRP (Table VI).
Discussion
Psoriasis is known to be affected by a variety of
exogenous and endogenous factors, but the aetiology
of the disease is yet not fully understood. Studies have
reported that psoriasis closely shares its pathogenesis
with other chronic inflammatory diseases and
atherosclerosis6,10,11. Thus, it can be postulated that
risk of atherosclerosis in psoriasis patients depends
on the potential of intrinsic antioxidant system to
overcome oxidant stress condition. ROS produced due
to inflammatory process leads to the formation of lipid
oxidation and peroxidation products such as oxLDL
and MDA.
In the present study, dyslipidaemia was observed
characterized by increased TC and TG levels in patients

Table IV. Levels of serum malondialdehyde (MDA), reduced glutathione, ferric‑reducing ability of plasma (FRAP) and oxidized
low‑density lipoprotein (oxLDL) in different groups of psoriasis
Variables
Group 1
Group 2
Group 3
Mild psoriasis (n=60)
Moderate psoriasis (n=58)
Severe psoriasis (n=32)
MDA (nmol/ml)
2.436±0.84
2.685±0.96
2.979±0.96††,$
Reduced glutathione (mg/dl)
34.54±5.08
32.31±5.82
32.12±4.88$$
*
FRAP (µmol/l)
593±42.12
514±60.42
507±60.32$$
oxLDL (µmol/l)
42.76±7.59
43.97±8.84
50.47±6.83†††,$$$
*
P<0.05 compared to group 1; P ††<0.01, †††<0.001 compared to group 2; P $$<0.01, $$$<0.001 compared to group 1
Table V. Correlation analysis between oxidative stress markers and oxidized low‑density lipoprotein in different groups of patients of
psoriasis
Variables
Group 1
Group 2
Group 3
Mild psoriasis (n=60)
Moderate psoriasis (n=58)
Severe psoriasis (n=32)
r
r
r
P
P
P
MDA
0.351
<0.001
0.354
<0.001
0.404
<0.001
Reduced glutathione
−0.154
NS
−0.26
<0.05
−0.34
<0.001
FRAP
−0.596
<0.001
−0.365
<0.001
−0.485
<0.001
Abbreviations as given in Table III
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Table VI. Correlation analysis between oxidative stress markers and high-sensitivity C-reactive protein in different groups of patients
of psoriasis
Variables

Group 1
Mild psoriasis (n=60)
r

P

MDA

0.327

Reduced glutathione

−0.154

FRAP

−0.468

Group 2
Moderate psoriasis (n=58)
r

P

<0.001

0.451

NS

−0.23

<0.001

−0.394

Group 3
Severe psoriasis (n=32)
r

P

<0.001

0.497

<0.001

NS

−0.21

NS

<0.001

−0.407

<0.001

Abbreviations as given in Table III

of psoriasis22. However, there was no difference in
HDL levels of patients when compared with controls.
Praveenkumar et al23 reported a significant decrease
in HDL levels of psoriasis patients when compared
to healthy controls. A previous study from our
laboratory has revealed that psoriasis patients with
abnormal apolipoprotein profile (decreased levels of
apoA-containing lipoproteins and increased levels of
apoB-containing lipoproteins)15 are susceptibility to
subclinical atherosclerosis.
Our findings were also consistent with others24 as
LDL levels in the study groups were not significantly
different. The present study showed oxLDL/LDL ratio
a better predictor for atherosclerotic risk as compared
to LDL. As reported in the previous studies25, a rise
in serum MDA levels was observed. However, some
studies have shown no significant change in serum
MDA levels but have reported increased level of MDA
in tissue and RBCs in psoriasis patients26,27.
In our study, a significant rise was observed in
plasma oxLDL and a significant decrease in levels of
antioxidants activities as measured by reduced GSH
and FRAP in different groups of psoriasis patients
when compared with healthy controls. These findings
were consistent with those of Kadam et al28.
As reported in other studies29,30, increase in LDL
oxidation and peroxidation products in psoriasis cases
was found to be associated with hsCRP levels. However,
Balci et al31 did not find any difference in hsCRP levels
of patients with mild-to-moderate psoriasis. Small
sample size was a limitation of the present study.
In conclusion, our findings showed that an
imbalance between antioxidants/oxidants in psoriasis
might be associated with inflammatory responses
in psoriasis, thereby increasing risk of premature
atherosclerosis in these patients. Thus, the dietary
plan, lifestyle change, and drugs used to treat psoriasis
should induce antioxidant response against endogenous

and exogenous oxidative stress. The monitoring of
oxidative injury in these patients may help develop
new effective treatment targeting both psoriasis and
atherosclerosis.
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