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Abstract Psoriatic arthritis (PsA) is an inflammatory rheu-
matic disorder occurring in patients with psoriasis. Several
studies have shown an association between Psa and traditional
atherosclerotic risk factors. We evaluated the relationship
between small dense low-density lipoproteins particles (sd-
LDL) a risk marker for atherosclerosis, sub-clinical athero-
sclerosis and PsA in a group of 50 patients with PsA and in
100 controls. Cholesterol, high-density lipoproteins (HDL),
low-density lipoproteins (LDL), triglycerides, insulin, homeo-
stasis model assessment (HOMA), Apo B, and sd-LDL have
been measured. LDL particle separation was performed and
seven LDL subfractions were obtained, LDL score
(percentage of sd-LDL) and mean LDL particle size were
calculated. PsA patients and control group differ significantly
(p < 0.001) in triglycerides values (119.3 ± 52.0 vs 90.7
± 40.7 mg/dL), Apo B (1.1 ± 0.2 vs 0.9 ± 0.1 g/L), insulin
(8.9 ± 4.9 vs 5.8 ± 3.2 mU/L), HOMA (2.2 ± 1.7 vs 1.3 ± 0.8),
BMI (27.7 ± 3.3 vs 25.8 ± 3.8). LDL score is significantly
higher in PsA as compared to control (9.0 ± 10.7 vs 2.9
± 4.7 mg/dL); and mean LDL size is significantly lower in
PsA than control (268.1 ± 4.6 vs 271.2 ± 2.7 Å). These differ-
ences were confirmed when stratifying PsA patients for treat-
ment and for disease activity. LDL score and LDL diameter

significantly were correlated with the carotid IMT in patients
with PsA. These findings show a novel relationship between
LDL score and mean LDL size with PsA diagnosis and with
sub-clinical atherosclerosis. Sd-LDL gives potentially useful
information in the risk assessment for atherosclerotic disease
in PsA patients.
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Introduction

Psoriatic arthritis (PsA) is a chronic arthropathy associated
with psoriasis, marked by an axial and/or peripheral joint in-
volvement [1]. In addition to joint manifestations, subjects
with PsA exhibit an abnormally high cardiovascular (CV) risk
and, in turn, of the metabolic syndrome (MetS), of its major
vascular risk factors (VRFs) [2]. Accordingly, as compared
with healthy controls, PsA patients exhibit a higher than nor-
mal platelet reactivity [3], and a higher than normal prevalence
of hepatic steatosis (HS) [4, 5] and of carotid plaques (CPs) [6,
7]. All these conditions are well-knownmarkers of atheroscle-
rosis and of CV risk [8–10].

Several large, prospective studies in general populations,
using gradient gel electrophoresis to determine LDL particle
size, confirmed the relationship of small dense LDL (sd-LDL)
with coronary events [11, 12]. Moreover, metabolic syndrome
is usually accompanied by increased prevalence of sd-LDL
[13–15]. Although some studies examined the lipid profile
in PsA patients [16], no data are currently available on a pos-
sible relationship of high levels of sd-LDL with PsA. The aim
of the present study was to evaluate the concentration of sd-
LDL in PsA patients and to assess the relationship with carotid
intima–media thickness.
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Methods

During a 3-month period (January 2010–April 2010), consec-
utive patients with a diagnosis of PsA (according to CASPAR
criteria) [1] referred to the Regional Reference Center for the
treatment of spondyloarthropathies of the Federico II
University of Naples were evaluated for the enrollment in this
study. For all enrolled subjects, exclusion criteria were: lack of
informed consent signature, age <18 years, malignancy,
hematologic diseases, autoimmune diseases other than PsA,
unstable medical conditions, ongoing pregnancy, history of
venous and/or arterial thrombosis, known alterations of lipid
metabolism and active treatment with statins or other drugs
modifying lipid profile. After approval of the study by the
local Ethics Committee and after informed consent signature,
data about age, gender, height, weight, disease duration, dis-
ease activity, previous and/or current treatments, and vascular
risk factors were collected from all patients as previously de-
scribed [17]. All PsA subjects were classified into different
clinical subsets according to Moll and Wright criteria [18].
Briefly, PsA patients were classified as having axial disease
if they had at least grade 2 unilateral sacroiliitis in the presence
of a combination of inflammatory back pain plus back stiff-
ness. The PsA patients were classified as pure axial if they had
no peripheral joint involvement, mixed if they had both pe-
ripheral joint arthritis and axial disease, or as having only
peripheral joint involvement. The rare mutilans form was di-
agnosed in the presence of distal interphalangeal joint bone
resorption (osteolysis), Bpencil-in-cup^ radiographic finding
or telescoping motion of the digit.

At enrollment, all PsA subjects underwent a complete clin-
ical rheumatologic and laboratory evaluation that included:
tender joint count (TJC, n = 78), swollen joint count (SJC,
n = 76), tender entheseal count (according to the Maastricht
Ankylosing Spondylitis Enthesitis Score), psoriasis area se-
verity index (PASI), health assessment questionnaire (HAQ),
visual analog scale for pain (VAS), patient global disease ac-
tivity VAS score, erythrocyte sedimentation rate (ESR), and
C-reactive protein (CRP). PsA subjects were classified as in
minimal disease activity (MDA) when fulfilling five or more
of the following seven outcome measures at T1: TJC ≤1, SJC
≤1, PASI ≤1 or body surface area ≤3, VAS for pain ≤15,
patient global disease activity VAS score of ≤20, HAQ ≤0.5,
and tender entheseal points ≤1 [19]. Otherwise, they were
considered in active disease (AD).

According to the NCEP criteria [20], abdominal obesity
was defined as a waist circumference ≥102 cm for men and
≥88 cm for women; hypertriglyceridemia, as triglycerides
(TG) levels ≥150 mg/dL; hypercholesterolemia as a total cho-
lesterol ≥200 mg/dL with high-density lipoprotein cholesterol
(HDL-C) <40 mg/dL for men and <50 mg/dL for women;
hypertension as a blood pressure ≥130 and/or 85 mmHg; im-
paired fasting glucose (IFG) as a fasting glucose ≥100 mg/dL.

Patients were defined as having the MetS if three or more of
these VRFs were present.

In addition, all patients underwent a carotid artery ultra-
sound examination for the assessment of the intima–media
thickness (IMT). After 5-min rest in supine position, the sub-
jects underwent a bilateral carotid ultrasonography (US) with
a 7.5- to 12-MHz linear-array transducer and a duplex scanner
(ESAOTE MyLab 25Gold, Genoa, Italy). The ultrasound
evaluation was performed longitudinally and transversally
by using gray-scale and color-Doppler US imaging. The scan
protocol requires the full-length visualization of the near and
far wall of the right and left common carotid artery (CCA) and
of the bulb in three different projections (anterior, lateral, and
posterior). The intima–media thickness (IMT) was measured
in each of the three projections in CCA and bulb and, the
presence of CPs was defined for IMT ≥1.3 mm. All the exam-
inations were performed by the same operator blind as to the
presence of PsA. Control subjects without PsA (or other rheu-
matic diseases), comparable with PsA cases for age and gen-
der, have been selected from the registries of three different
General Practitioners in the Naples province. Subjects compa-
rable for age and gender with PsA patients were enrolled as
controls groups using the same exclusion criteria as cases.
Major clinical and demographic characteristics of these sub-
jects have been recorded according to same criteria used for
the PsA population.

For both cases and controls, blood was drawn by puncture
of antecubital vein after a 12-h fast and withdrawal for at least
5 weeks from any lipid-lowering treatment.

Total cholesterol and TG concentrations were measured
using standard enzymatic methods [21, 22]. HDL-C was mea-
sured after the precipitation of very-low-density lipoproteins
(VLDL) and low-density-lipoproteins (LDL-C) with phos-
photungstic acid [23], and LDL-C was calculated according
to the Friedewald formula. Fasting glucose levels were enzy-
matically determined by the peroxidase method. Fasting insu-
lin levels were determined by enzyme immunoassay
(Ultrasensitive ELISA, Mercodia, Uppsala, Sweden). The
homeostasis model assessment (HOMA) index was used to
estimate insulin resistance and calculated as fasting serum
insulin (in microunits per milliliter) × fasting serum glucose
(in millimolar)/22.5 [24]. Apolipoprotein B (apo B) was mea-
sured by turbidimetric assay with an automated method (ABX
Pentra 400, Horiba Medical, Italy).

LDL particle size determination

LDL particles separation was performed by Lipoprint System
(Quantimetrix Inc., Redondo Beach, CA USA). This method
is based on electrophoresis of lipid stained serum (Sudan
black) in non-denaturing gel gradient of polyacrylamide
[13]. The proportion of sd-LDL particles to the whole LDL
area was calculated in our sample (LDL score). The diameter
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of the LDL particles at the cut-off point separating
subfractions 1–2 from subfractions 3–7 was 251 Å.

The present study protocol has been approved by the
Federico II University Local Ethic Committee.

Statistical analysis

Statistical analysis was performed with the SPSS 16 system
(SPSS Inc., Chicago, IL, USA). Continuous data were
expressed as mean ± SD or as median values; categorical var-
iables were expressed as percent. The T test was performed to
compare continuous variables; the chi-square test was
employed to analyze categorical data. When the minimum
expected value was <5, the Fisher’s exact test was used.
Continuous variables were described as mean and standard
deviation. Comparisons between Control subjects and PsA
patients were performed using Student’s t test for independent
samples and non parametric test, the Mann–Whitney U test,
for variables (triglycerides, HOMA, hypertension, LDL score,
median LDL particle diameter, metabolic syndrome diagno-
sis) not normally distributed. Correlation was assessed using
the Pearson linear correlation coefficient (r). Logistic regres-
sion analysis at univariate and multivariate level was used to
test the association between the LDL score (dependent dis-
crete variable: above or below the upper 75th percentile cut
points of control group) with age, gender, PsA duration,

metabolic syndrome diagnosis (independent continuous vari-
ables). Odds ratio (OR) for the presence of LDL score were
calculated by unconditional logistic regression and 95 % con-
fidence intervals (CI) of the odds ratio were computed. All the
results are presented as two-tailed values with statistical sig-
nificance if p values <0.05.

Table 1 Clinical and
biochemical characteristics of
studied population

Variable Control subjects (n = 100) PsA (n = 50) P

% Women 56 48 0.358

Age (years) 47.3 ± 0.8 49.5 ± 1.5 0.189

Disease duration PsA, years (mean ± SD) NA 15.21 ± 1.0 NA

Disease duration PsO, years (mean ± SD) NA 17.47 ± 1.2 NA

Articular involvement

Axial, N (%) NA 21 (42.00) NA
Peripheral, N (%) 28 (58.00)

Oligoarticular, N (%) NA 15 (30.00) NA
Polyarticular, N (%) 14 (28.00)

Total cholesterol (mg/dL) 190.7 ± 2.6 200.9 ± 5.2 0.057

Triglycerides (mg/dL) 90.7 ± 4.0 119.3 ± 7.3 <0.001

High-density lipoprotein cholesterol (mg/dL) 50.5 ± 1.3 47.4 ± 1.5 0.151

Low-density lipoprotein cholesterol (mg/dL) 122.0 ± 2.2 129.6 ± 4.3 0.088

Fasting glucose (mg/dL) 95.2 ± 1.1 98.8 ± 3.4 0.218

Apolipoprotein B (mg/dL) 91.7 ± 0.2 109.5 ± 0.2 <0.001

Body mass index (kg/m2) 25.8 ± 0.4 27.7 ± 0.5 0.003

Homeostasis model assessment (HOMA) index 1.39 ± 0.1 2.24 ± 0.2 <0.001

Hypertension (%) 21.6 21.6 0.358

Metabolic syndrome diagnosis 7 % 26 % <0.001

Carotid plaques 14 (14 %) 19 (38 %) <0.001

Values are expressed as mean ± SEM

NA not applicable

^ Medians (interquartile ranges)
* Mann-Whitney U

Fig. 1 Median LDL score in patients with Psoriatic arthritis (N = 50) vs
controls subjects (N = 100). Circumflex accent (^), medians (interquartile
ranges). Asterisk (*), Mann–Whitney U
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Results

After excluding those already under treatment with statins and
those with a known diagnosis of alterations in lipid metabo-
lism (n = 33), 50 PsA subjects and 100 matched controls were
enrolled in this study. Among the 50 PsA patients, 23 were
receiving DMARDs and 27 were under TNF-α blockers.
None of PsA patients were receiving combined treatment with
DMARDs + TNF-α blockers. Minimal disease activity was
found in 16 PsA patients (seven under DMARDs and nine
under TNF-α blockers).

Major clinical, biochemical, and demographic characteris-
tics of the two study populations are reported in Table 1.

Triglycerides, Apo B, BMI, HOMA, and the prevalence of
MS and carotid plaques were significantly lower in the control
group as compared to PsA patients, 21 (42.00 %) out of 50
PsA patients had axial and 28 (58.00%) had peripheral subset,
among these 15 (30.00 %) had oligoarticular, and 14
(28.00 %) polyarticular involvement.

Median LDL score was significantly higher in patient with
PsA as compared to control group (median 5.6 vs. 1.4,
p < 0.001; Fig. 1). Median LDL particle diameter was lower
in PsA patients as compared to control group (median 269 vs.
272, p < 0.001; Fig. 2).

LDL score values above the 75th and 90th percentiles of
the values of the control group (4.0 and 9.6, respectively) were
found in 66 and 28 %, respectively, of PsA patients.

All results were confirmed when stratifying analyses
according to the type of treatment [disease-modifying
anti-rheumatic drugs (DMARDs) vs TNF-α blockers] or
according to disease activity [minimal disease activity
(MDA) vs active disease (AD)]. In detail, as showed in
Fig. 3, LDL score and LDL diameter were significantly
higher both in PsA patient receiving DMARDs and in
those under TNF-α blockers as compared with controls.
Interestingly, LDL score and LDL diameter resulted in-
creased in PsA compared with controls, regardless the dis-
ease activity status (Fig. 4).

As reported in Table 2, univariate logistic analysis shows a
positive and significant relationship of the LDL score (below
or above the 75th percentiles of the control values), with
Metabolic Syndrome Diagnosis and PsA diagnosis (OR
9.68; 95 % CI 3.03–30.86; p < 0.001 for MS diagnosis; OR
4.14; 95 % CI 2.01–8.52; p < 0.001 for PsA diagnosis).
Negative and significant relationship between LDL score

^ Medians (interquartile ranges)
* Mann-Whitney U

Fig. 2 Median LDL diameter in patients with psoriatic arthritis (N = 50)
vs controls subjects (N = 100). Circumflex accent (^), medians
(interquartile ranges). Asterisk (*), Mann–Whitney U

PsA: psoriatic arthritis; DMARDs: traditional disease modifying anti-rheumatic drugs; TNF-α blockers: Tumor Necrosis Factor- α
blockers  
^ Medians (interquartile ranges)
* Mann-Whitney U

Fig. 3 LDL score and LDL diameter in PsA subjects, stratified for type
of treatment, and controls. PsA: psoriatic arthritis; DMARDs: traditional
disease-modifying anti-rheumatic drugs; TNF-α blockers: tumor necrosis

factor-α blockers. Circumflex accent (^), medians (interquartile ranges).
Asterisk (*), Mann–Whitney U
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and gender was found (OR 0.40; 95 % CI 0.20–0.79;
p = 0.009 for gender).

Multivariate logistic analysis between LDL score, PsA di-
agnosis, MS diagnosis, and other covariates is reported in
Table 3. After controlling for age and gender LDL score (be-
low or above the 75th percentiles of the control values) is
independently related to PsA diagnosis (OR 3.94; 95 % CI
1.86–8.32; p < 0.001 for PsA diagnosis). This relation was
confirmed after controlling for age, gender, PsA diagnosis
and MS diagnosis (OR 3.22; 95 % CI 1.47–7.03; p = 0.003
for PsA diagnosis).

Carotid atherosclerosis ultrasound assessment

The carotid ultrasound examination showed that carotid
plaques were reported by 38 % of PsA patients and 14 % of
controls (OR 3.93, 95% CI 1.61–9.60, p = 0.003; Table 1).

Moreover, as showed in Fig. 5, LDL score and LDL diameter
significantly and directly correlated with the carotid IMT in
patients with PsA.

Discussion

The present study shows a novel relationship between sd-LDL
and PsA diagnosis and sub-clinical atherosclerosis. This rela-
tionship is independent of the presence of MS. Almost 26 %
of studied PsA patients were diagnosed as having MS; recent
experimental evidence have demonstrated that sd-LDL were
highly prevalent in both men and women with MS [13, 15].
Such background prompted us to adjust the relationship be-
tween sd-LDL and PsA status for the presence of MS. The

PsA: psoriatic arthritis; AD: active disease; MDA: minimal disease activity  

^ Medians (interquartile ranges)
* Mann-Whitney U

Fig. 4 LDL score and LDL diameter in PsA subjects, stratified for disease activity, and controls. PsA: psoriatic arthritis; AD: active disease; MDA:
minimal disease activity. Circumflex accent (^), medians (interquartile ranges). Asterisk (*), Mann–Whitney U

Table 2 Relationship among LDL score, psoriatic arthritis and other
variables: univariate logistic analysis

Independent variables Dependent
variable
score LDLa

p OR 95.0 % CI for OR

Lower–upper

Ageb 0.110 1.03 0.99–1.06

Genderc 0.009 0.40 0.20–0.79

Metabolic syndrome
diagnosisb

<0.001 9.68 3.03–30.86

Psoriatic arthritis diagnosisb <0.001 4.14 2.01–8.52

a Discrete variable with above 75th percentile cut points of control group
distribution as outcome
bContinous variables
c Discrete variables

Table 3 Relationships between LDL score, psoriatic arthritis and other
variables: multivariate logistic analysis

Independent
variables

Dependent variable
LDL scorea

p OR 95.0 % CI for OR

Lower–upper

Ageb 0.135 1.03 0.99–1.07

Genderc 0.009 0.37 0.18–0.78

Psoriatic arthritisc <0.001 3.94 1.86–8.32

Ageb 0.374 1.01 0.97–1.06

Genderc 0.030 0.43 0.20–0.92

Metabolic syndromec 0.004 5.87 1.73–19.87

Psoriatic arthritisc 0.003 3.22 1.47–7.03

a Discrete variable with above 75th percentile cut points of control group
distribution as outcome
bContinous variables
c Discrete variables
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independent role of PsA status as predictors of elevated sd-
LDL was confirmed after this adjustment. A number of stud-
ies [25–27] have found that sd-LDL are more easily oxidized,
higher affinity for extracellular matrix, reduced binding to
LDL receptor, and a longer residence time in the circulation
compared to large LDL. These characteristics are linked to the
increased cardiovascular risk [11, 12]. PsA is frequently asso-
ciated with obesity, diabetes, dyslipidemia, hypertension, ear-
ly atherosclerosis, and increased cardiovascular morbidity and
mortality [28]. Patients with PsA without cardiovascular risk
factors or clinically evident cardiovascular disease have a in-
creased carotid artery IMT compared with matched controls,
this data suggesting that PsA is associated to accelerated ath-
erosclerosis [6, 29]. Another study conducted by
Raychaudhuri [30] has reported high prevalence of the meta-
bolic syndrome in patients with PsA.

Only one study [31] was conducted to investigate the pres-
ence of small dense LDL in patients with PsA but LDL size
ana lys i s was pe r fo rmed by a d i f f e ren t me thod
(ultracentrifugation) and the sample size was only of 13 pa-
tients. In this study, the authors carried out that patients with
PsA have raised levels of subfraction LDL3 and low levels of
HDL as compared to controls group, no statistical differences
were reported in TG values and Apo B values. The impact of
MS was not reported.

Our study indicates that patients with PsA have an in-
creased concentration of sd-LDL independently of the pres-
ence of metabolic syndrome; this data suggests a possible link
between PsA and the development of atherosclerosis mediated
by sd-LDL. LDL size measurement gives potentially useful
information in the risk assessment for atherosclerotic dis-
ease in these patients and could be useful in identifying a
subsample of high-risk patients, with prominent lipoprotein
abnormality, among those with the PsA diagnosis, deserving
lipid-lowering intervention. This hypothesis has, however, to
be further tested with prospective epidemiological studies.
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