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Abstract
Psoriasis is now recognized as an immune-mediated inflammatory dermatosis with increased risk for metabolic syndrome, 
its individual components, and cardiovascular disease. We quantitatively estimated malondialdehyde (MDA), lipoprotein-a 
(LP-a), lipoprotein ratios, comprehensive lipid tetrad index (CLTI), and atherogenic index (AI), and evaluated cardiovas-
cular risk in 132 (M:F 94:38) patients with psoriasis aged 20–79 years with chronic plaque psoriasis and equal number of 
age and gender-matched controls. Lipoprotein ratios, CLTI and AI were calculated using standard formulae. Cardiovascular 
10-year risk was graded by Framingham risk score (FRS) as low, intermediate and severe. Mild-to-moderate and severe 
psoriasis was present in 125 (94.7%), and 7 (5.3%) patients, respectively, and 19 (14.39%) patients had psoriatic arthritis. 
Statistically significant differences were noted for LDL, LDL/HDL, non-HDL/HDL, MDA, LP-a, AI and CLTI. There was a 
significantly positive correlation between PASI with LP-a (p = 0.003, r = 0.25) and AI (p = 0.012, r = 0.22). Serum levels of 
MDA correlated positively with LP-a (p < 0.001, r = 0.55), AI (p < 0.001, r = 0.51) and CLTI (p = 0.006, r = 0.24). FRS was 
low, intermediate and severe in 78%, 18.9%, and 3% patients compared to 85.6%, 13.6%, and 0.8% controls, respectively, and 
the difference was not statistically significant. Psoriasis appears to be an independent risk factor for elevated serum MDA, 
LP-a, CLTI and AI. However, whether they can be used as surrogate markers for enhanced cardiovascular risk in patients 
with psoriasis, remains conjectural.
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Abbreviations
LDL	� Low-density lipoprotein
LP-a	� Lipoprotein-a
HDL	� High-density lipoprotein
VLDL	� Very low-density lipoprotein
MDA	� Malondialdehyde
AI	� Atherogenic index
CLTI	� Comprehensive lipid tetrad index

BMI	� Body mass index
FR	� Framingham risk
PASI	� Psoriasis area severity index
CRP	� C-reactive protein
ROS	� Reactive oxygen species

Introduction

Genetic, metabolic and immunologic factors have been 
implicated frequently in etiopathogenesis of psoriasis. 
Immunologically mediated activation of T lymphocytes and 
their interaction with other inflammatory cells, cytokines, 
chemokines and growth factors is central to the inflammation 
in the dermal microenvironment while epidermal hyperpro-
liferation occurs secondary to the inflammatory events that 
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follow a Th1 type of immune response in psoriasis. This 
further strengthens our current thinking of psoriasis being 
an associate of systemic inflammation rather than an exclu-
sive cutaneous disease sharing genetic pathways, common 
immune mechanisms, treatment-related toxicities, associated 
psychological stress, and a higher prevalence of cardiovas-
cular risk. The chronic Th1 inflammation and elevated lev-
els of inflammatory cells and several cytokines particularly 
TNF-α have been implicated for increased reactive oxygen 
species and oxidative stress and enhanced risk of developing 
other diseases such as obesity, metabolic syndrome, dyslipi-
demia, insulin resistance, endothelial dysfunction, formation 
of atherosclerotic plaque, and cardiovascular disease among 
psoriatics [7, 27, 36, 37].

Psoriasis is associated with an atherogenic lipid pro-
file and significant lipid abnormalities have been noted 
even during 5 years preceding onset of psoriasis [1]. Male 
gender, smoking and moderate-to-high peripheral joint 
inflammation have been associated with high total choles-
terol and triglyceride levels [23, 32]. However, these lipid 
abnormalities were independent of psoriasis severity and 
persisted despite tremendous improvement in PASI after 
ustekinumab therapy in a study [23]. The disturbances in 
lipid metabolism particularly low-density lipoprotein (LDL) 
oxidation induce monocyte infiltration and smooth muscle 
proliferation favoring atherosclerotic plaque formation and 
predispose to atherosclerosis [12]. On the other hand, HDL 
is involved in reverse cholesterol transport, inhibition of 
monocytic infiltration and thus suppression of atherogenic-
ity. An imbalance between generation and removal of reac-
tive oxygen species (ROS) produced from keratinocytes, 
reactive neutrophilic infiltrate and fibroblasts cause activa-
tion of neutrophils in early and active lesions of psoriasis. 
This further leads to their increased generation, causing 
self-perpetuating inflammation and oxidative stress that is 
responsible for TNF-α-induced signaling pathway activa-
tion and epidermal hyperproliferation [3, 14, 15]. Malondi-
aldehyde (MDA) produced from ROS-induced oxidation of 
polyunsaturated fatty acids is an indirect marker of oxidative 
stress and lipid peroxidation, and increased levels have been 
observed in tissues, red blood cells and serum in psoriasis 
patients [5, 17, 20, 38]. Lipoprotein-a, a genetic variant of 
LDL with apolipoprotein B100 linked to apolipoprotein-a 
by a disulfide bond, is also susceptible to lipid peroxida-
tion and is said to have both thrombogenic and atherogenic 
roles. It has evolved as a genetically linked risk factor in 
development of atherosclerotic plaque and cardiovascular 
disease particularly in atherosclerosis-prone population [6, 
24]. Significantly raised levels of lipoprotein-a with or with-
out high LDL:HDL ratio have been reported in diabetics as 
well as in psoriasis patients [10, 22, 26, 35]. However, lipid 
tetrad index, lipid pentad index and atherogenic index (AI), 
the recently described forms of lipid profile assessment, have 

emerged as novel and stronger predictors of coronary artery 
disease/cardiovascular risk compared to other risk factors 
and lipid parameters [8, 19, 29, 30, 34, 36]. Comprehensive 
lipid tetrad index (CLTI) magnifies the subtle abnormalities 
of the various atherogenic and anti-atherogenic lipoproteins, 
whereas AI is a good indicator of the balance of pro- and 
anti-inflammatory forces. We evaluated these markers of 
atherogenesis and cardiovascular disease in patients with 
psoriasis and controls.

Materials and methods

The study comprised 132 (males 94 and females 38) patients 
aged ≥ 20 years having chronic plaque psoriasis for at least 
6 months at the time of presentation between April 2016 and 
March 2017. An equal number of age and gender-matched 
adult volunteers were enrolled as controls. The study was 
approved by Institutional Protocol Review Board and Ethics 
Committee (Rgn no ECR/490/Inst/HP/2013/RR-16).

Patients on any anti-psoriasis treatment were given a wash 
off period of 4 weeks prior to sampling. Only topical bland 
emollients and oral cetirizine (10 mg/day) were allowed. 
Patients with preexisting diabetes mellitus, hypertension, 
hepato-renal disease, obesity (body mass index > 30 kg/
m2), collagen vascular disorders, malignancy, pregnant and 
lactating women and patients on systemic treatment with 
lipid-lowering drugs, retinoids, corticosteroids, or other 
immunomodulators were excluded from study. Demographic 
profile, personal and family history, medical history and 
clinical details of psoriasis and other systemic diseases were 
recorded after informed consent. The severity of psoriasis 
was assessed as mild-to-moderate (PASI ≤ 10) or severe 
(PASI > 10). Psoriatic arthritis was diagnosed as per the cri-
teria given by Moll and Wright [13] and classified as distal 
interphalangeal joint arthritis, asymmetrical mono/oligoar-
thritis, symmetrical polyarthritis, axial arthritis, and arthri-
tis mutilans. All the patients and controls were screened 
for obesity, diabetes mellitus, hypertension, dyslipidemia 
(metabolic syndrome), and cardiovascular disorders. They 
were subjected to measurement of height, weight, waist and 
hip ratio, body mass index (BMI = weight in kg/height in 
m2), blood pressure (supine), and electrocardiogram (ECG). 
Metabolic syndrome was diagnosed as per AHA/NHLBI 
definition 2005 and WHO-WPR 2000 criteria for Asians 
was used for defining obesity [11, 41]. Diabetes mellitus 
was diagnosed according to American Diabetes Association 
criteria [2]. Hypertension was defined as systolic blood pres-
sure > 140 mmHg or diastolic blood pressure > 90 mmHg 
when recorded on two occasions.

Blood samples (5 ml) were collected after overnight fast-
ing between 0800 and 1000 h by antecubital venepuncture 
for biochemical analysis in institutional central research 
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laboratory. Quantitative estimation for lipid profile was done 
using fully automated analyzer XL-300. Serum cholesterol 
and triglyceride levels were estimated using spectropho-
tometry. HDL and LDL cholesterol were estimated using 
immunoinhibition method. Quantitative estimation of serum 
malondialdehyde and serum lipoprotein-a was performed 
using double antibody sandwich enzyme-linked immuno-
sorbent one-step process assay (ELISA) using ready to use 
in vitro kits as per manufacturer’s protocol (Shanghai Qayee 
Biotechnology Co., Ltd.). Lipoprotein ratios, CLTI and AI 
were computed using standard formulae.

Framingham risk (FR) score for cardiovascular risk 
assessment was calculated in all study subjects using stand-
ard formula [9, 40]. The FR score predicts a person’s chance 
of having a heart attack in the next 10 years. This tool is 
designed for adults aged 20 years and older who do not have 
heart disease or diabetes. Although not the ideal tool for 
calculating cardiovascular risk in Indians, it was used in the 
absence of similar or any other established standard scoring 
system for cardiovascular risk in the atherosclerosis.

Statistical analysis

Results obtained were tabulated and analyzed statistically. 
Statistical analysis was performed using IBM SPSS statistics 
version 17.0 (Armonk, NY: IBM Corp.). Baseline character-
istics of cases and controls were analyzed using descriptive 
statistics. The normality of continuous data was assessed by 
the Kolmogorov–Smirnov test. The data were described as 
mean ± standard deviation or median ± inter-quartile range 
for parametric and non-parametric data, respectively. Com-
parison of the various parameters between cases and controls 
was done by independent Student’s t test and χ2 test for para-
metric data and Mann–Whitney U test for non-parametric 
data. The levels of the various biochemical parameters were 
correlated with psoriasis area severity index (PASI), using 
Spearman rank correlation. Analysis was carried out at 5% 
level of significance and p < 0.05 was considered as statisti-
cally significant.

Results

Table 1 depicts baseline clinicoepidemiologic features of 
patients and controls each comprising 132 (m:f = 2.5:1) indi-
viduals aged between 20 and 79 years. Mild-to-moderate and 
severe psoriasis was present in 125 (94.7%), and 7 (5.3%) 
patients, respectively. Psoriatic arthritis was present in 19 
(14.39%) patients predominantly comprising asymmetric 
mono- or oligoarthritis variety noted in 10 patients. Seventy 
(53%) and 58 (43.9%) patients, respectively, were habitual 
smokers and alcohol consumers as compared to 33 (25%) 
and 15 (11.4%) controls and the difference was statistically 

significant (p < 0.001). BMI and waist:hip ratio of patients 
and controls showed no statistical significant difference. 
After investigations, one or more co-morbidities (diabetes 
mellitus, hypertension, obesity (BMI = 25–30 kg/m2), and 
metabolic syndrome) were detected in 57 (43.2%) patients 
and were significantly higher compared to 40 (30.3%) con-
trols (Table 1).

Lipid abnormalities were noted in 94 (71.2%) patients 
and 82 (62.1%) controls but the difference was not statisti-
cally significant except for number of patients with psoria-
sis and low serum HDL levels were significantly more than 
controls. The LDL, LDL/HDL ratio, non-HDL/HDL ratio, 
serum MDA and lipoprotein-a levels, CLTI, and AI were 
significantly higher in patients than controls (Table 2).

The 75 (56.8%) patients with psoriasis and 92 (69.7%) 
controls without any co-morbidity were statistically com-
parable in age, gender, BMI, waist:hip ratio, lipid profile 
including serum LDL, and Framingham risk score (Table 3). 
However, greater number of patients without co-morbidi-
ties had history of alcohol consumption and smoking, and 
showed significantly higher LDL/HDL ratio compared to 
controls. The serum MDA and lipoprotein-a levels, CLTI 
and AI were also significantly higher in patients than in 
controls without co-morbidities. However, these parameters 
did not significantly differ in patients and controls with and 
without co-morbidities (Table 4). Similarly, in both patients 
and controls with or without history of smoking and alcohol 
consumption these parameters were comparable statistically.

The 19 (14.4%) patients with psoriatic arthritis had 
significantly lower history of smoking (26.4% vs. 57.5%; 
p = 0.01), higher mean BMI (24.37 ± 3.76 vs. 22.47 ± 3.42; 
p = 0.03), and median MDA levels (39.5 ± 23.08 vs. 
28.2 ± 19.4; p = 0.04) compared to 113 (85.6%) patients 
without arthritis (Table 4).

A positive correlation between serum MDA and lipo-
protein-a levels, CLTI and AI was observed in all the 132 
patients with or without co-morbidities as well as in 92 
patients having no co-morbidities (Figs. 1, 2). Although 
disease severity (PASI score) correlated positively with 
lipoprotein-a and AI, correlation between disease severity 
and MDA levels and CLTI was not statistically significant in 
132 psoriasis patients. However, disease severity in patients 
without co-morbidities showed no correlation with these 
parameters. A negative correlation between serum MDA 
and disease duration was also noted in all 132 patients but 
not in patients without co-morbidities.

Twenty-nine (21.9%) patients with psoriasis had high 
and intermediate FR score compared to 19 (14.4%) controls 
but the difference was not statistically significant (Table 2). 
However, FR score (Table 4) was significantly higher in pso-
riasis patients who were smokers and in those with newly 
detected co-morbidities compared to non-smokers and who 
had no co-morbidities. Similarly, controls with history of 
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Table 1   Baseline characteristics 
of psoriasis patients and 
controls

LDL low-density lipoprotein, VLDL very low-density lipoprotein, HDL high-density lipoprotein, IQR inter-
quartile range
χ2 test, Student’s t test, and Mann–Whitney U test were used for comparison for proportions, parametric 
and non-parametric data, respectively, and a *p value < 0.05 was considered statistically significant
a Includes asymmetrical oligoarthritis in ten, symmetrical polyarthritis in six, distal inter phalangeal arthri-
tis in one and spondyloarthritis in two patients, respectively. All data are presented as mean ± standard 
deviation when not specified

Baseline characteristics Number of patients (%) 
n = 132

Number of control (%) 
n = 132

p value

Gender
 Males (M) 94 (71.2%) 94 (71.2%) –
 Females (F) 38 (28.8%) 38 (28.8%)
 M:F 2.5:1 2.5:1

Age in years
 Range 20–79 20–79
 Mean ± SD 40.76 ± 13.8 42.89 ± 14.56 0.24
 20–30 36 33
 31–40 37 33
 41–50 31 31
 51–60 15 17
 61–70 9 14
 71–80 4 4

Duration of psoriasis
 Range 6 months–40 years – –
 Mean ± SD (months) 77.34 ± 85.49 –
 < 5 75 (56.82) –
 5–10 32 (24.24) –
 > 10 25 (18.94) –

PASI Score
 ≤ 10 125 (94.7) – –
 > 10 7 (5.3) – –
 Psoriatic arthritisa 19 (14.39%) – –
 Smoking 70 (53) 33 (25) < 0.001*
 Alcohol consumption 58 (43.9) 15 (11.4) < 0.001*

Body mass index
 Median ± IQR 22.75 ± 3.52 22.82 ± 3.68 0.87

Waist:hip ratio
 Median ± IQR 0.98 ± 0.09 0.91 ± 0.08 0.22

Any co-morbidity 57 (43.18) 40 (30.3) 0.03*
Hypertension 28 (21.2) 16 (12.1) 0.05*
Diabetes mellitus 8 (6.1) 7 (5.3) 0.79
Obesity 16 (12.1) 30 (22.7) 0.02*
Metabolic syndrome 30 (22.7) 24 (18.2) 0.36
Any lipid abnormality 94 (71.21) 82 (62.12) 0.11
Hypercholesterolemia (> 230 mg/dl) 20 (15.15) 17 (12.88) 0.59
Hypertriglyceridemia (> 160 mg/dl) 42 (31.82) 47 (35.61) 0.51
Increased LDL (> 120 mg/dl) 41 (31.06) 30 (22.73) 0.12
Increased VLDL (> 32 mg/dl) 42 (31.82) 47 (35.61) 0.51
Hyperlipoproteinemia 66 (50) 63 (47.73) 0.71
Low HDL (< 50 mg/dl) 50 (37.88) 34 (25.76) 0.03*
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Table 2   Lipid profile and lipid 
indices of psoriasis patients and 
controls

All data are presented as mean ± standard deviation when not specified
SD standard deviation, IQR inter-quartile range, LDL low-density lipoprotein, VLDL very low-density lipo-
protein, HDL high-density lipoprotein, Non-HDL total cholesterol—HDL
χ2 test, Student’s t test, and Mann–Whitney U test were used for comparison for proportions, parametric 
and non-parametric data, respectively, and a *p value < 0.05 was considered statistically significant
a AI = Lipoprotein-a/HDL
b CLTI = Total cholesterol×Triglycerides×Lipoprotein-a

High-density lipoprotein (HDL)

Lipid profile and lipid indices Patients n = 132 Control n = 132 p value

Total cholesterol (normal = 120–230 mg/dl)
 Range 102–342 90–305 0.08
 Mean ± SD 186.73 ± 43.07 177.69 ± 42.02

LDL (normal < 120 mg/dl)
 Range 30.2–223 28.8–217 0.04*
 Mean ± SD 103.87 ± 36.9 94.71 ± 36.41

VLDL (Median ± IQR) (normal = 5–32 mg/dl)
 Range 10.2–90.2 10–108 0.90
 Mean ± SD 26.7 ± 13.1 27.5 ± 15.9

HDL (Median ± IQR) (normal = 30–65 mg/dl for men, 35–80 mg/dl for women)
 Range 29–89 31–87 0.58
 Median ± IQR 52 ± 11 52 ± 9

Triglycerides (Median ± IQR) (normal = 25–160 mg/dl)
 Range 51–451 50–540 0.90
 Median ± IQR 133.5 ± 66 137.5 ± 79

Non-HDL
 Range 51–266 45–247 0.07
 Mean ± SD 133.58 ± 41.72 124.64 ± 40.32

Total cholesterol/HDL (median ± IQR)
 Range 1.59–7.16 1.86–5.67 0.08
 Median ± IQR 3.51 ± 1.13 3.31 ± 1.15

Triglycerides/HDL (median ± IQR)
 Range 0.70-15.55 0.92–13.17 0.84
 Median ± IQR 2.68 ± 1.44 2.59 ± 1.44

LDL/HDL
 Range 0.35–4.77 0.54–3.74 0.02*
 Mean ± SD 2.02 ± 0.79 1.81 ± 0.71

Non-HDL/HDL
 Range 0.59–6.16 0.86–4.67 0.05*
 Mean ± SD 2.61 ± 0.96 2.36 ± 0.82

Malondialdehyde (median ± IQR) (ng/ml)
 Range 3.93–1442.48 3.77–800.08 < 0.001*
 Median ± IQR 30.27 ± 20 23.52 ± 10.39

Lipoprotein-a (median ± IQR) (ng/ml)
 Range 113.54–15458.80 37.24–2155.39 < 0.001*
 Median ± IQR 412.47 ± 222.99 334.95 ± 403.15

Comprehensive lipid tetrad index (CLTI)b (median ± IQR)
 Range 42563.69–7727756.45 7715.49–1135578.75 < 0.001*
 Median ± IQR 185109.56 ± 171102.3 117707.24 ± 193297.26

Atherogenic index (AI)a (median ± IQR)
 Range 2.37–328.91 0.57–37.81 < 0.001*
 Median ± IQR 7.66 ± 4.44 6.19 ± 7.79

Framingham risk score
 Low (1) 103 (78) 113 (85.6) 0.18
 Intermediate (2) 25 (18.9) 18 (13.6)
 High (3) 4 (3) 1 (0.8)
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smoking and alcohol consumption had higher Framingham 
risk score compared to those who did not smoke or consume 
alcohol.

Discussion

The overall clinicoepidemiologic features, habits of smok-
ing and alcohol consumption, and increased presence of 
co-morbidities such as hypertension, obesity in our study 

subjects corroborates as described in the literature [18, 37, 
39]. Psoriasis, an immune-mediated inflammatory derma-
tosis, is strongly associated with metabolic syndrome or its 
individual components. Although, exact pathophysiology of 
association between psoriasis and co-morbidities remains 
obscure, it has been frequently linked to abnormal lipid 
metabolism manifesting as elevated triglycerides, LDL and 
total cholesterol levels, and higher plasma lipid and lipopro-
tein levels in psoriasis patients than controls [21, 28, 36, 39]. 
Wakkee et al. [39] reported significantly deteriorated lipid 

Table 3   Comparison between patients and controls without co-morbidities

All data are presented as mean ± standard deviation when not specified
BMI body mass index, CLTI comprehensive lipid tetrad index, CRP C-reactive protein, HDL high-density lipoprotein, LDL low-density lipopro-
tein, VLDL very low-density lipoprotein, IQR inter-quartile range, Non-HDL total cholesterol—HDL
χ2 test, Student’s t test, and Mann–Whitney U test was used for comparison for proportions, parametric and non-parametric data, respectively, 
and a *p value < 0.05 was considered statistically significant

Parameters Without co-morbidity n = 75 
(56.8%)

Without co-morbidity n = 92 
(69.7%)

p value

Age in years 37.21 ± 12.62 40.84 ± 15.46 0.10
Gender
 Males (M) 55 66
 Females (F) 20 26
 M:F 0.82

Duration (in months) 75.45 ± 81.39 –
PASI score 5.43 ± 3.32 –
Psoriatic arthritis 10 (13.3) –
Smoking 40 (53.3%) 26 (28.3%) 0.001*
Alcohol consumption 32 (42.7%) 10 (10.9%) < 0.001*
BMI 21.18 ± 2.61 21.12 ± 2.58 0.88
Waist:hip (median ± IQR) 0.92 ± 0.08 0.92 ± 0.08 0.54
Framingham risk (score)
 Low (1) 67 (89.3%) 80 (87%) 0.64
 Intermediate (2) 8 (10.7%) 12 (13%)
 High (3) 0 0

Fasting blood sugar (normal = 60–100 mg/dl) 89.96 ± 14.42 86.87 ± 16.55 0.21
HBA1c (normal < 6.5%) 5.44 ± 0.48 5.4 ± 0.5 0.81
CRP 6 (8%) 7 (7.6%) 0.93
Total cholesterol (normal = 120–230 mg/dl) 178.71 ± 39.7 171.71 ± 40.94 0.27
LDL (normal ≤ 120 mg/dl) 99.49 ± 35.2 91.04 ± 32.87 0.11
VLDL (median ± IQR) (normal = 5–32 mg/dl) 25.6 ± 1.77 23.3 ± 15.6 0.67
HDL (normal = 30–65 mg/dl in men, 35–80 mg/dl in women) 52.4 ± 9.5 52 ± 7 0.50
Triglycerides (median ± IQR) (normal = 25–160 mg/dl) 128 ± 62 116.5 ± 78 0.67
Non-HDL 126.31 ± 34.45 118.36 ± 38.49 0.17
Total cholesterol/HDL 3.46 ± 0.76 3.25 ± 0.73 0.06
Triglycerides/HDL (median ± IQR) 2.58 ± 1.21 2.31 ± 1.23 0.35
LDL/HDL 1.94 ± 0.71 1.73 ± 0.61 0.04*
Non-HDL/HDL 2.46 ± 0.76 2.25 ± 0.73 0.07
Malondialdehyde (median ± IQR) (ng/ml) 32.65 ± 20.28 23.89 ± 10.33 < 0.001*
Lipoprotein-a (median ± IQR) (ng/ml) 413.98 ± 244.58 352.68 ± 408.55 0.001*
CLTI (median ± IQR) 179959.68 ± 167700.3 107339.94 ± 182816.13 < 0.001*
Atherogenic index (median ± IQR) 7.86 ± 3.69 6.98 ± 7.93 0.001*
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profile with higher cholesterol, triglycerides, LDL, and HDL 
levels in patients with moderate-to-severe psoriasis while 
only HDL levels were significantly lower in less severe cases 
as compared to controls. These lipid abnormalities have been 

attributed to inflammation and elevated TNF-α levels, and 
increased oxidative stress [14, 15, 20]. Even though one or 
more lipid abnormalities were noted in our 71.2% psoriasis 
patients compared to 62.1% controls, the difference was not 

Fig. 1   A positive correlation 
between serum MDA levels 
and lipoprotein-a (p < 0.001, 
r = 0.546), CLTI (p = 0.006, 
r = 0.237) and AI (p < 0.001, 
r = 0.509) observed in patients 
with or without co-morbidities 
(N = 132) suggests that inflam-
mation and oxidative stress are 
common factors responsible for 
this abnormality in psoriasis 
patients with or without co-
morbidities. There is a negative 
correlation between MDA and 
disease duration (p = 0.019, 
r = − 0.237). (Spearman rank 
correlation analysis was carried 
out at 5% level of significance 
and p < 0.05 was considered sig-
nificant. Malondialdehyde ranks 
lip-a ranks R2 linear = 0.298; 
malondialdehyde ranks AI ranks 
R2 linear = 0.299; malondial-
dehyde ranks CLTI ranks R2 
linear = 0.056)

Fig. 2   A positive correlation 
between serum MDA levels 
and lipoprotein-a (p < 0.001, 
r = 0.56), CLTI (p < 0.001, 
r = 0.402) and AI (p < 0.001, 
r = 0.592) was noted in patients 
without co-morbidities (N = 75) 
suggests that inflammatory 
process and oxidative stress of 
psoriasis are common factors 
responsible for this abnormality 
in psoriasis patients. (Spear-
man rank correlation analysis 
was carried out at 5% level 
of significance and p < 0.05 
was considered significant. 
Malondialdehyde ranks lip-a 
ranks R2 linear = 0.03; malon-
dialdehyde ranks AI ranks R2 
linear = 0.362; malondialdehyde 
ranks CLTI ranks R2 lin-
ear = 0.162)
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statistically significant except for number of patients with 
low levels of HDL, which is important in suppression of 
atherogenicity and resultant cardiovascular complications 
such as stroke or myocardial infarction.

Increased serum MDA is an indirect marker of oxidative 
stress/damage to polyunsaturated fatty acids and has been 
noted to increase significantly in individuals having hyper-
tension, diabetes or in patients with psoriasis alone [5, 16, 
17, 20, 24, 27, 31, 38]. All our 132 psoriasis patients had 
significantly higher serum MDA levels as compared to con-
trols. The serum MDA levels were also significantly higher 
in 75 (56.8%) psoriasis patients without co-morbidities and 
19 (14.4%) patients with arthritis compared to 92 (69.7%) 
controls without co-morbidities and 113 (85.6%) without 
arthritis, respectively. It appears that psoriasis and psoriatic 
arthritis-induced inflammation with or without co-morbidi-
ties itself is a risk factor for elevated MDA levels independ-
ent of other co-morbidities. This view is also strengthened 
from observation of serum MDA levels increasing pro-
portionately to disease severity, arthritis and duration, and 
decreasing following remission and clinical improvement 
after treatment with infliximab or efalizumab attributable 
to decreased disease-associated inflammatory activity and 
oxidative stress [3, 4, 25, 36]. However, disease severity and 
duration do not appear to consistently influence tissue/serum 
MDA levels [33]. We also observed a negative and weak 
correlation (p = 0.019, r = − 0.237) between serum MDA 
levels and disease duration and no correlation with disease 
severity. This might be due to mild-to-moderate disease in 
majority of our patients, past remissions, and multiple treat-
ments that could not be ascertained in most cases.

Increased lipoprotein-a levels impart an enhanced risk 
of coronary artery disease that increases many folds with 
concomitant presence of low HDL cholesterol, high total 
cholesterol and LDL, and high total cholesterol/HDL ratio 
[35]. With few exceptions, higher lipoprotein-a levels in 
psoriasis patients than controls have been observed [10, 22, 
26, 36]. According to Ferretti et al. [10], higher levels of 
lipoprotein-a are more susceptible to lipoprotein peroxida-
tion and oxidative stress damage reflecting that psoriasis is 
perhaps an independent risk factor for its increased levels, 
atherogenic and thrombogenic events and increased cardio-
vascular disease. Significantly higher levels of lipoprotein-a, 
non-HDL:HDL and LDL:HDL ratios were also seen in all 
our patients compared to controls. The levels of lipoprotein-
a also correlated significantly with MDA levels (p < 0.001, 
r = 0.546) and PASI (p = 0.003, r = 0.25). Elevation of CLTI 
and lipoprotein-a is indicative of abnormal lipid metabo-
lism and has been observed in patients of acute coronary 
syndrome and are considered strong predictors of risk for 
cardiovascular disease compared to individual lipid param-
eters or other risk factors [8, 30, 34, 36]. We observed sig-
nificantly higher levels of CLTI and AI in all our psoriasis 

patients with and without co-morbidities. Similarly, a posi-
tive correlation between serum MDA levels and CLTI and 
AI was observed in all psoriasis patients with or without 
co-morbidities. However, there was no difference in serum 
MDA, lipoprotein-a levels, CLTI and AI in patients and 
controls with and without a history of smoking or alcohol 
intake. These findings suggest that psoriasis and associated 
inflammation and oxidative stress are perhaps independent 
risk factors for abnormally elevated indices, high athero-
genic tendency and possibly increased cardiovascular dis-
ease. In contrast to higher Framingham risk score in pso-
riasis patients compared to controls noted by Sunitha et al. 
[36], we made no such observations in our study despite 
abnormal parameters of lipid metabolism and oxidative 
stress. However, smoking and/or alcohol consumption 
appear to increase it significantly in both patients and con-
trols as compared to those who did not smoke or consume 
alcohol. Despite significantly higher Framingham risk score 
in our patients with co-morbidities, no difference in serum 
MDA and lipoprotein-a levels compared to those without 
co-morbidities suggests that presence of diabetes mellitus, 
hypertension, metabolic syndrome and obesity perhaps com-
pound the risk for cardiovascular disease in psoriasis while 
serum MDA and lipoprotein-a levels alone may not be use-
ful surrogate markers for assessing cardiovascular risk [36]. 
However, some influence of ethnicity, lifestyle, concurrent 
co-morbidities, psoriasis severity, and study methodology 
on our results cannot be ruled out. Cross-sectional nature of 
study, a small number of patients particularly with arthritis 
and their inconsistent distribution between different forms 
of psoriasis, and no follow-up for cardiovascular events or 
assessment of study parameters post-treatment/remission 
remains few limitations of the study. Malondialdehyde and 
other anti-oxidants in tissues, and other serum oxidant mark-
ers were not assessed and the Framingham risk score is not 
validated in Indian patients.

Conclusions

Psoriasis-associated inflammatory milieu and resultant 
oxidative stress is perhaps responsible for dyslipidemia, an 
increase in oxidant stress markers and lipid ratios which may 
indirectly predispose to development of atherosclerosis and 
cardiovascular disease. The disease severity and duration 
seem to have inconsistent influence on atherogenic/throm-
bogenic risk indicators, though they tend to correlate well 
amongst themselves. The possible effects of low disease 
severity, past treatments, multiple remissions and the pres-
ence of co-morbidities on our results cannot be ruled out. 
Even though FR score was increased in psoriasis patients 
with co-morbidities, it was not increased in psoriasis patients 
with elevated serum MDA, lipoprotein-a levels and lipid 
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ratios compared to controls, making them not so useful 
markers of cardiovascular risk in psoriasis patients. Nev-
ertheless, lifestyle modification, regular-screening psoriasis 
patients for early detection and management of co-morbidi-
ties and cardiovascular events, statins and anti-oxidant sup-
plementation along with conventional psoriasis treatment 
may benefit them in the long term.
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