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Abstract
Psoriasis (PsO) has been associated with lipoprotein abnormalities, visceral adiposity, atherosclerosis, and coronary artery 
disease (CAD) in several studies; however, data concerning the risk of psoriasis relevant to these parameters is not well 
established. We aimed to evaluate the relation between PsO and small dense low-density lipoprotein cholesterol (sd-LDL-C), 
serum lipid profile (SLP), blood pressures, anthropometric measurements, intima media thickness of the common carotid 
artery (CIMT), distribution of visceral adipose tissue (VAT; evaluated at 3 different measurement sites including VATa, 
VATb, VATc) along with subcutaneous (Sc-d1) and preperitoneal (Pre-d2) adipose tissue, and disease characteristics, so as 
to define relevant risk factors for PsO. In this cross-sectional and observational study, 62 patients with plaque-type PsO and 
31 age- and sex-matched controls were enrolled. Data about metabolic profile, CIMT and VAT were obtained. There was a 
significant association between PsO and hypertension, smoking, diastolic blood pressure, sd-LDL-C/LDL-C ratio, CIMT, 
VATc, and Pre-d2. Following adjustments for hypertension and smoking, sd-LDL-C/LDL-C ratio, CIMT, and Pre-d2 still 
remained different between patients and controls (P = 0.03, P = 0.043, and P = 0.05, respectively). Each 0.1 unit increase 
in the CIMT increased the risk of PsO 1.51-fold (95%CI: 1.08 − 2.12, P = 0.016). PsO associates with a predisposition to 
develop thick preperitoneal fat tissue and thick intima of carotid arteries, all of which contribute to the increased risk of 
atherosclerosis and subsequent CAD. CIMT was considered as an independent risk factor for PsO.
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Introduction

Psoriasis (PsO) is a chronic inflammatory skin disorder 
affecting skin, nails, and joints. Psoriatic inflammation can 
have systemic effects beyond skin inflammation that can lead 
to and/or exacerbate comorbidities including obesity, dys-
lipidemia, insulin resistance (IR), diabetes mellitus (DM), 
hypertension (HT), metabolic syndrome, and subsequently 
atherosclerosis [1]. On the other hand, obesity, DM, HT, and 

metabolic syndrome are found to be risk factors for develop-
ment of psoriasis [2–5].

An increase in visceral adipose tissue (VAT) leads to 
abdominal obesity, which contributes to an increase in the 
risk of carotid and coronary atherosclerosis, IR, and an 
increase in small-sized low-density lipoprotein cholesterol 
(sd-LDL-C) [6]. Accumulation of excess and disproportion-
ate VAT contributes to the progression of metabolic and ath-
erosclerotic diseases, regardless of obesity, as VAT releases 
pro-inflammatory cytokines [7]. Balci et al. (8) recently 
reported that there is an increase in VAT in PsO patients, and 
Han et al. [2] observed that the risk of PsO is higher in indi-
viduals with abdominal obesity. Pro-inflammatory cytokines 
and activation of inflammatory cells might act a significant 
part in the development of psoriatic plaques and breakdown 
of atherosclerotic plaques, indicating similar pathogenetic 
mechanisms for PsO and atherosclerosis [9].

Carotid intima–media thickness (CIMT) is well known to 
be associated with early atherosclerosis predictive of future 
coronary artery disease (CAD), myocardial infarction, and 
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stroke [10]. Several studies have reported higher rates of 
increased CIMT in patients with PsO than in healthy con-
trols, suggesting the existence of subclinical atherosclerosis 
in PsO patients [11]. In contrast, Norata et al. [12] noted 
that sd-LDL-C can predict the CIMT variance, as sd-LDL-C 
particles are implicated in endothelial dysfunction related to 
accelerated atherogenesis.

The present study aimed to determine the relationship 
between PsO, and sd-LDL-C, the lipid profile, fasting blood 
glucose (FBG), CIMT of the common carotid arteries, blood 
pressure, BMI, visceral fat accumulation, visceral fat vol-
ume, and disease characteristics, to identify the related risk 
factors for PsO.

Material and methods

Participants

The study protocol was approved by the Hacettepe School of 
Medicine Ethics Committee for Non-Interventional Studies 
(code E-17–1189, 11 October 2017). All study strategies 
were performed according to the ethical principles of the 
1964 Declaration of Helsinki, and all subjects provided writ-
ten informed consent before being included.

The study included 62 PsO patients (35 male and 27 
female) aged 18–65 years and 31 age- and gender-matched 
controls (15 male and 16 female) who presented to the Hac-
ettepe University Dermatology Outpatient Clinic, Ankara, 
Turkey, between December 2016 and January 2018. PsO 
was diagnosed based on clinical and/or histopathological 
findings. All patients had chronic plaque psoriasis. A posi-
tive history of cancer, age < 18 years and > 65 years, preg-
nancy, lactation, familial hypercholesterolemia, concomitant 
active or chronic infection, and present use of lipid-lowering 
drugs were exclusion criteria. Controls were recruited from 
among patients who presented for common dermatological 
complaints, including seborrheic keratoses, actinic kera-
toses, warts, and nevi. In the patient group, six patients had 
DM, nine had HT, four had hypothyroidism, two had rheu-
matologic disease, two had CAD, and two had psychiatric 
disease. In the control group, two controls had DM, four 
had hypothyroidism, two had CAD, and two had psychiatric 
disease.

Age, gender, personal and family medical history, smok-
ing habit, alcohol consumption, and participation in regular 
physical activity (exercise for ≥ 45 min per d 3 times per 
week) were recorded for all participants. Body weight (kg), 
height (m), and waist circumference (WC) in centimeters 
were measured, and BMI (kg m–2) was calculated using 
the Quetelet Index [13]. Cutoff points for BMI and WC are 
based on World Health Organization report [14]. Obesity is 
defined as having a body mass index of 30 or higher. Clinical 

characteristics, including duration and type of PsO, the Pso-
riasis Area Severity Index (PASI) score, PsO localization, 
the presence of nail and joint involvement, and current treat-
ment for PsO were noted. A sphygmomanometer was used 
to measure blood pressure (ERKA, The Original, VARIO, 
Germany) after 10 min of seated rest.

Laboratory measurements

Blood samples were collected from all participants in the 
morning following 8 h of fasting. The serum lipid profile 
(SLP), total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), very low-density lipoprotein cholesterol (VLDL-C), and 
triglycerides (TG), FBG, and sd-LDL-C were measured. 
Measurement of FBG, TC, TG, and HDL-C was performed 
via the enzymatic method and the Friedewald formula 
(LDL-C = TC – HDL-C − TG/5.0) was used to calculate 
LDL-C.

Blood samples were centrifuged at 1200g (g = relative 
centrifugal force) for 10 min, to measure sd-LDL-C. The 
blood samples were stored at − 80 °C until analysis. An 
Abbott c8000 analyzer was used to calculate the sd-LDL-C 
level via a two-step automated colorimetric method. The 
first step was to precipitate the lipoprotein with a den-
sity < 1.044  g  mL–1 using heparin–magnesium and the 
second step was direct LDL-C determination based on the 
supernatant fraction.

Imaging methods

Ultrasonic measurements were obtained by two radiologists 
using an ultrasound device (Aplio500, Toshiba, Japan). A 
3.5 MHz convex-array probe was used to evaluate adipose 
tissue parameters, as ‘a’, ‘b’, ‘c’, and a 7.5 MHz linear-array 
probe on the same device was used to evaluate parameter 
‘d’, as follows: a: the distance between the splenic vein and 
the internal surface of the abdominal muscle; b: the distance 
between the posterior wall of the aorta and the internal sur-
face of the abdominal muscle at the level of the umbilicus; 
c: right posterior perirenal adipose tissue thickness; d: sub-
cutaneous (Sc-d1) and pre-peritoneal (Pre-d2) adipose tissue 
thickness at the level of the xiphoid process [15]. Parameters 
‘a’, ‘b’, and ‘c’ refer to VAT.

Visceral fat volume was calculated using the equation: 
[visceral fat volume] = [− 9.008] + [1.191 × the distance 
between the splenic vein and the internal surface of the 
abdominal muscle (mm)] + [0.987 × the distance between 
the posterior wall of the aorta and the internal surface 
of the abdominal muscle at the level of the umbilicus 
(mm)] + [3.644 × right posterior perirenal adipose tissue 
thickness (mm)].
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In addition, CIMT was measured using an 11 MHz 
linear-array probe on the same device. CIMT values were 
surveyed at the end of diastole and evaluated in the lon-
gitudinal view, considering non-plaque segments of each 
of the common carotid arteries. All measurements were 
obtained following overnight fasting, which is crucial 
for abdominal parameter measurement, and all data were 
obtained in the supine position and at the end of expira-
tion. A convex transducer was located perpendicularly 
on the skin and the pressure was minimized to prevent 
compression of adipose tissue. The final mean CIMT was 
calculated as the sum of the scores of left and right CIMT, 
and subsequent division of the total value by 2.

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows v.21.0. (IBM Corp., Armonk, NY). 
Data are shown as mean ± SD or median (range), as 
appropriate. Descriptive statistics were used to describe 
demographic characteristics of participants. Categorical 
variables were given in percentage and frequency. The 
Chi-square test was used to compare the differences in 
categorical variables between the patient and control 
groups. To determine the normality of the distribution of 
numeric variables, the Shapiro–Wilk test was used. When 
parametric assumptions were not seen, the Mann–Whitney 
U test was used to compare numeric variables between 
the patient and control groups, whereas when paramet-
ric assumptions were met the independent samples t test 
was used. HT and smoking were selected as confounding 
factors can by themselves improve the thickness of the 
CIMT, and also HT and smoking are not part of the causal 
chain linking exposure to outcome. The reason for this 
can be explained as exposure is lipid improvement and 
the outcome is PsO in this study. Therefore, the ANCOVA 
test was used to determine the effect of variables on PsO 
after adjusting for smoking and HT. Multivariate logistic 
regression analysis was used to analyze variables with 
P value cutoff point of 0.15 to determine whether the 
relevant variables were a risk factor for PsO after elimi-
nation of confounding factors. The strength of the asso-
ciations between the relevant parameters and PsO risk 
was estimated via the odds ratio (OR) and corresponding 
95% confidence interval (CI). Spearman’s correlation is a 
nonparametric statistic and there is no requirement of nor-
mality. Since significant associations were found between 
psoriasis and sd-LDL-C, mean CIMT, Pre-d2 and VATc, 
these variables were tested by Spearman’s correlation. 
The level of statistical significance was set at P < 0.05.

Results

The study included 62 plaque-type PsO patients and 
31 controls. In the present study, PsO mostly involved 
the upper and lower extremities, followed by the trunk 
and scalp. The median age of patients and controls were 
41.5 years (range, 18–65 years) and 37 years (range, 
18–65  years), respectively. Median disease duration 
was 78 months (range, 3–744 months) and median PASI 
score was 5.5 (range, 0.2–36.8). In all, 22 patients were 
not currently receiving treatment for PsO, whereas 21 
were using a topical treatment and the remaining 19 
were using systemic treatment, primarily methotrex-
ate and biologics. In addition, 46.8% and 12.7% of the 
patients had nail involvement and psoriatic arthritis 
(PsA), respectively. In the psoriasis group, 18 of 62 
(29%) patients were obese and 44 of 62 patients (71%) 
were not obese. In the control group, 8 of 31 (26%) 
participants were obese and 23 of 31 (74%) controls 
were not obese. In terms of obesity, univariate analysis 
revealed that there were no differences between patients 
and controls (P = 0.74) (Table 1).

 Univariate analysis showed that there was a significant 
association between PsO, and hypertension (P = 0.02). 
Following adjustments for HT and smoking, the sd-LDL-
C/LDL-C ratio, and mean CIMT and Pre-d2 remained 
significantly different between the patients and controls 
(P = 0.03, P = 0.043, and P = 0.05, respectively). Although 
univariate analysis showed an association between PsO 
and VATc, after adjustments for hypertension and smok-
ing, VATc did not remain significant between patients and 
controls (P = 0.09) (Tables 2 and 3). There was no differ-
ence in the sd-LDL-C/LDL-C ratio, or mean CIMT and 
Pre-d2 between the patients who were currently receiv-
ing a systemic treatment for PsO and those that were not 
(P = 0.57, P = 0.60, and P = 0.10, respectively), as well as 
between patients with and without PsA (P = 0.93, P = 0.76, 
and P = 0.17, respectively) (Tables 1, 2).

In the patient group, there was a moderate to strong 
positive correlation between CIMT and age (rs = 0.74, 
P < 0.001 and rs = 0.66, P < 0.001, respectively). There 
was a weak to moderate positive correlation between 
CIMT and FBG, BMI, WC, SBP, DBP, VATb, Sc-d1, 
and VFV. Additionally, a moderate to strong positive cor-
relation was found between CIMT and VATc (rs = 0.51, 
P < 0.001). There was no significant correlation between 
the sd-LDL/LDL-C ratio and CIMT, blood pressures, and 
adipose fat tissue parameters. VATc was positively corre-
lated in a moderate to strong relationship with BMI, WC, 
VATb, and VFV (rs = 0.73, P < 0.001, rs = 0.72, P < 0.001, 
rs = 0.66, P < 0.001, and rs = 0.78, P < 0.001, respectively, 
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Table 4). Logistic regression analysis showed that there 
was a significant correlation between PsO, and mean 
CIMT; each 0.1-unit increase in CIMT (P = 0.02; 95% 

CI, 1.08–2.12) increased the risk of PsO 1.51-fold. As 
such, mean CIMT was considered an independent risk 
factor for PsO.

Table 1   Comparison of means 
of clinical and laboratory 
metabolic parameters between 
patients with psoriasis and 
normal controls

a Indicates median (minimum–maximum) results
b Represents mean ± standard deviation values
c Normal ranges for BMI and WC are adapted from World Health Organization report (14)
n number, DM diabetes mellitus, HT hypertension, CAD coronary artery disease, BMI body mass index, 
WC waist circumference, FBG fasting blood glucose, TGs triglycerides, TC total cholesterol, LDL-C low-
density lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol, VLDL-C Very-low-density 
lipoprotein cholesterol, sd-LDL-C small dense low-density lipoprotein cholesterol. P < 0.05 is defined sta-
tistically significant and shown in bold

Parameter Patients
(n = 62) (%)

Controls
(n = 31) (%)

P value

Agea (years) 41.5 (18 − 65) 37 (18 − 65)
Gender (Male/Female) 27/35 16/15
Cigarette smoking status
 Current smoker
 Ex-smoker
 Never smoked

33 (53.2%)
7 (11.3%)
22 SS(35.5%)

8 (25.8%)
5 (16.1%)
18 (58.1%)

0.042

Pack-years of cigarette smokinga 6.3 (0–126) 0 (0–50) 0.048
Engagement in regular physical activity
 Yes
 No

9 (14.5%)
53 (85.5%)

5 (16.1%)
26 (83.9%)

0.53

Family history of either DM or HT or CAD
 Yes
 No

35 (56.5%)
27 (43.5%)

15 (48.4%)
16 (51.6%)

0.46

The presence of alcohol consumption
 Yes
 No

8 (12.9%)
54 (87.1%)

3 (9.7%)
28 (90.3%)

0.47

Heightb (cm)
 Men
 Women

173.7 ± 7.2
158.6 ± 5.2

175.3 ± 6.3
162.0 ± 6.3

0.54

Weightb (kg)
 Men
 Women

80.7 ± 12.9
71.1 ± 19.1

77.5 ± 15.4
68.9 ± 12.6

0.31

BMIc (kg m–2)
 Men
 Women

26.8 ± 4.5
28.2 ± 6.9

25.2 ± 4.8
26.4 ± 5.5

0.21

WCc (cm)
 Men
 Women

95.2 ± 14.5
90.7 ± 19.4

94.9 ± 11.5
93.6 ± 17.9

0.79

FBGa (mg/dl) 92.0 (62–200) 91.0 (72–135) 0.08
TGsa (mg/dl) 132.5 (30–423) 115 (39–724) 0.49
TCb (mg/dl) 192.5 ± 37.3 184.8 ± 43.1 0.38
LDL-Cb (mg/dl) 115.5 ± 31.0 104.9 ± 33.2 0.13
HDL-Cb (mg/dl) 47.1 ± 13.6 49.7 ± 11.1 0.36
VLDL-Cb (mg/dl) 27.0 (6–85) 25 (8–65) 0.73
sd-LDL-Cb (µU/ml) 95.7 ± 29.1 93.1 ± 38.3 0.72
sd-LDL-C/LDL-C ratioa 0.81 (0.5–1.2) 0.95 (0.2–1.5) 0.02
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Discussion

There is strong evidence that chronic inflammation is the 
hallmark of atherosclerosis. Patients with chronic inflam-
matory diseases including PsO are predisposed to accel-
erated atherosclerosis and subsequent cardiometabolic 
diseases including obesity, type 2 DM, HT, and dyslipi-
demia [16]. On the other hand, obesity, type 2 DM, HT, 
and metabolic syndrome are found to be risk factors for 
development of PsO (2–5). Evaluation of different meta-
bolic parameters, along with radiological alterations by 
the present study, may help to identify risk factors in 
terms of PsO development even if these data exist in other 
populations.

Adipose tissue functions as an endocrine and secretory 
organ, producing several pro-inflammatory cytokines and 
adipokines [17]. Obesity leads to excessive production of 

pro-inflammatory adipokines and a concurrent decrease in 
the production of adipokines with anti-inflammatory fea-
tures. As such, cumulative inflammatory burden in obese 
psoriatic patients supports a critical role in all phases of 
atherosclerosis and cardiovascular events, with the onset 
of endothelial dysfunction in PsO [18]. On the other 
hand, irrespective of obesity, in PsO, the disproportionate 
accumulation of VAT may facilitate the development of 
atherosclerosis due to the excretion of pro-inflammatory 
cytokines from VAT. [7]. Although the present study find-
ings revealed that there was no difference between the 
patients and controls in terms of obesity, the difference of 
some VAT parameters between these groups may reflect a 
probable link between altered adipose tissue distribution 
and PsO.

Due to the distinctive metabolic profile of visceral adi-
posity from subcutaneous adiposity, visceral adiposity has 
been shown to be associated with subclinical cardiovascu-
lar disease. In PsO, beyond an increase in visceral adipos-
ity, Rivers JP et al. have shown that PsO is associated with 
vascular inflammation based on 18-fluorodeoxyglucose 
positron emission tomography (18-FDG PET) [19]. The 
authors added that vascular inflammation by 18-FDG PET/
CT has been shown to precede subclinical atherosclerosis 
and predict the risk for development of future cardiovascular 
events [18]. Therefore, in the light of these studies, it may be 
speculated that increased visceral adiposity accompanied by 
altered vascular inflammation may play a role in the devel-
opment of atherosclerosis and subsequent cardiovascular 
disease in PsO.

Although higher LDL-C levels are among the most sig-
nificant risk factors for CAD, many patients with CAD have 
a normal LDL-C level. Therefore, the smaller and more ath-
erogenic subfraction of LDL-C known as sd-LDL-C was 
thought to cause an increased risk of CAD and progression 
of atherosclerosis [12]. One study found a positive associa-
tion between PsA and subclinical atherosclerosis [20]. How-
ever, there is no study investigating the association between 
the factors of lipid metabolism, such as sd-LDL-C and PsO. 
Significant difference in the sd-LDL-C levels was observed 
between patients with PsO and controls in the present study. 
To confirm this finding, it is necessary to repeat the assess-
ment in different ethnic groups and with a greater number 
of participants.

In the recent years, there has been a growing interest 
in adipose tissue distribution rather than quantity of adi-
pose tissue as a risk factor for metabolic disorders and 
cardiovascular diseases. Although obesity is a classical 
risk factor for atherosclerosis, it is not clear whether intra-
abdominal fat accumulation has an association with car-
diovascular disease in non-obese subjects. Accordingly, 
Tadokoro et al. [21] reported that preperitoneal fat tis-
sue is significantly correlated with the coronary artery 

Table 2   Comparison of means of radiological adipose fat tissue 
parameters between psoriasis patients and normal controls

a Indicates median (range) results
b Represents mean ± standard deviation values
CIMT carotid artery intima media thickness, VATa the distance 
between splenic vein and the internal surface of the abdominal mus-
cle, VATb the distance between posterior wall of the aorta and inter-
nal surface of the abdominal muscle at the level of umbilicus, VATc 
right posterior perirenal adipose tissue thickness, Sc-d1 the thickness 
of the subcutaneous adipose tissue at the level of xiphoid process, 
Pre-d2 pre-peritoneal adipose tissue thickness at the level of xiphoid 
process

Parameter Patients
(n = 62)

Controls
(n = 31)

P value

Average CIMTa 0.5 (0.3–1.2) 0.4 (0.3–0.9) 0.005
VATab 40.1 ± 13.1 39.9 ± 18.2 0.93
VATba 53.9 (12.4–112.7) 54.2 (23.4–86.6) 0.81
VATca 5.7 (2.6–14.1) 4.8 (2.4–11.0) 0.02
Sc-d1b 13.1 ± 7.0 13.4 ± 7.1 0.987
Pre-d2b 14.8 ± 5.7 12.2 ± 4.9 0.03

Table 3   Univariate analysis of laboratory metabolic parameters and 
radiological adipose fat tissue parameters associated with psoriasis 
after adjustments for hypertension and smoking

sd-LDL-C small dense low-density lipoprotein cholesterol, LDL-
C low-density lipoprotein cholesterol, CIMT Carotid artery intima 
media thickness, Pre-d2 Pre-peritoneal adipose tissue thickness at the 
level of xiphoid process. P < 0.05 is defined statistically significant 
and shown in bold

Variable P value

sd-LDL-C/LDL-C ratio 0.03
Average CIMT 0.043
Pre-d2 0.05
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stenosis score and serum lipid levels in non-obese sub-
jects. Liu et al. [22] noted that there is a positive associa-
tion between preperitoneal fat thickness and CIMT. In the 
present study univariate analysis showed that VATc and 
Pre-d2 are significantly higher in the PsO patients than in 
the controls. Following adjustments for HT and smoking, 
Pre-d2 remained significantly correlated with PsO. The 
present findings show that although preperitoneal fat tis-
sue was thick in psoriatic patients, it is not clear if cellular 
composition, impaired VAT functions, or the VAT volume 
has a significant effect on the development of PsO and 
subsequent atherosclerosis.

Carotid intima media thickness is considered an indica-
tor of atherosclerosis, cardiovascular morbidity, and mor-
tality. Since PsO is an auto-inflammatory disease associ-
ated with increased burden of atherosclerosis as well as 
an increase in the risk of cardiovascular morbidity, several 
studies have examined the relationship between PsO and 
CIMT to measure risk stratification for CAD [23]. Most of 
them observed that CIMT was greater in psoriatic patients 
compared with controls [24].Therefore, patients with PsO 
should be screened and followed up via CIMT monitoring 
due to the highest risk of cardiovascular events. In the pre-
sent study, CIMT is considered to be the sole independent 
risk factor for PsO. This risk was not different from the 
type of treatment used. However, there is a possibility that 
deep fat is implicated in the development of atherosclero-
sis in patients with PsO, since a strong positive correlation 
was found between CIMT and VATc.

The present study has some limitations, including a 
small sample size, unequal gender distribution, and a much 
larger patient group than control group. As the study was 
performed at a single center, the sample may not be repre-
sentative of the larger patient population. Lastly, causality 
could not be determined due to the study’s case–control 
design.

In conclusion, based on the present study’s findings PsO 
is associated with sd-LDL-C/LDL-C ratio, preperitoneal 
fat tissue, and CIMT. However, CIMT thickness was the 
sole risk factor for PsO in the present study. Based on these 
findings, screening psoriatic patients for CIMT and preperi-
toneal adipose tissue thickness, as well as careful monitor-
ing for the traditional cardiovascular risk factors, so as to 
prevent ischemic comorbidities, might be considered highly 
warranted. Additional research is needed to further eluci-
date the relationship between the treatments for PsO and 
atherosclerosis.
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