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was significantly more decreased among PsA patients 
versus control group [mean 11  % (median (range)  %10.5 
(8–15 %)] and mean 13.2 % [median (range) 12, 8 % (8.1–
17.6 %), respectively; p = 0.01]. There was no significant 
difference in NID %, ADMA level and mean IMT or maxi-
mum IMT results. FMD % did not show a significant cor-
relation with clinical and laboratory data of PsA patients. 
This study showed that endothelial dysfunction may be 
present in PsA patients with no CVD and traditional car-
diovascular risk factors. The study findings lend support to 
the previous reports that suggested a potential relationship 
between PsA and atherosclerotic disorders.

Keywords  Asymmetric dimethylarginine · Endothelial 
dysfunction · Psoriatic arthritis · Subclinical atherosclerosis

Introduction

Psoriatic arthritis (PsA) is a type of inflammatory arthri-
tis which develops in people who have psoriasis [1]. Ath-
erosclerotic vascular diseases (AVD) are a leading cause 
of morbidity and mortality in PsA patients [2, 3]. How-
ever, the exact mechanism of increased early atheroscle-
rosis as observed in PsA patients is still unclear. Chronic 
inflammation involved in the early stage of atherosclerosis 
has been implicated in the development of AVD via a syn-
ergistic effect with vascular disease risk factors in rheu-
matic diseases and primarily rheumatoid arthritis (RA) [4]. 
Inflammation may accelerate atherosclerosis both directly 
and indirectly by causing endothelial dysfunction through 
insulin resistance, dyslipidemia and lipid oxidation [4]. 
Additionally, PsA patients were shown to have a greater 
prevalence of obesity, hypertension, dyslipidemia and insu-
lin resistance compared with the general population [5, 6]. 
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It was also reported that PsA patients have a more severe 
course of subclinical atherosclerosis due to increased bur-
den of inflammation compared to patients who have psoria-
sis alone [6].

Asymmetric dimethylarginine (ADMA) is an endogene-
ous inhibitor of nitric oxide synthase, and thus, a risk factor 
for endothelial dysfunction associated with increased ath-
erosclerosis [7, 8]. ADMA was shown to predict cardiovas-
cular risk and to be elevated in the setting of atherosclerotic 
vascular diseases [9]. Increased ADMA level was found in 
RA patients and patients with active PsA in the early stage 
of the disease. Also, ADMA level was reported to be a 
marker for endothelial dysfunction and subclinical athero-
sclerosis [10].

Endothelial dysfunction is a hallmark for several disor-
ders associated with atherosclerosis and considered to be 
an early finding of atherogenesis [11, 12]. Endothelium 
modulates vascular tone by secreting a number of vaso-
active hormones including nitric oxide as a response to 
mechanical stress [11]. Endothelial dysfunction is defined 
as the impaired ability of the arteries to dilate as a result 
of increased breakdown or decreased secretion of nitric 
oxide in response to physical or chemical stimuli [11, 13]. 
Endothelial function may be assessed noninvasively using 
sensitive brachial artery USG through measurement of pos-
tocclusion flow-mediated endothelial-dependent vasodila-
tation (FMD) of the brachial artery [12].

Carotid intima-media thickness (IMT) that is another 
marker of AVD may be used to predict a future vascu-
lar event [14]. For an absolute carotid IMT difference of 
0.1 mm, the future risk of MI increases by 10–15 %, and 
the stroke risk increases by 13–18  %. Impaired endothe-
lial dysfunction [15] and increased carotid IMT [16] were 
reported in PsA patients without any traditional cardiovas-
cular risk factors.

In the current study, we aimed to investigate the pres-
ence of subclinical atherosclerosis in a cohort of psoriatic 
arthritis patients without clinical CVD or traditional cardio-
vascular risk factors who met the criteria for minimal dis-
ease activity (MDA) [17].

Materials and methods

Study population

Twenty patients who admitted to the Rheumatology outpa-
tient clinic of Kocaeli University Hospital between Novem-
ber 2011 and April 2012 and met classification criteria for 
PsA as defined by CASPAR study group [18] were enrolled 
cross sectionally. Patients were receiving treatment on a 
regular basis for at least 1 year and met the MDA criteria 
at the time of presentation [17]. Patients with documented 

hypertension (systolic blood pressure >140  mmHg and/or 
diastolic blood pressure >90  mmHg), preexisting dyslipi-
demia (fasting plasma total cholesterol and/or triglyceride 
>240 and/or >160  mg/dl), diabetes mellitus (history of 
diabetes, on a diabetic diet, receiving oral hypoglycemic 
medication or insulin, fasting blood glucose >126 mg/dl), 
chronic renal disease (creatinine >1.3  mg/dl), established 
obesity (body mass index >30 kg/m2) or a history of car-
diovascular and/or cerebrovascular disease were excluded. 
Current non-smokers or patients who have ceased smok-
ing at least 5 years prior to the study date were allowed to 
participate. Twenty randomly selected subjects matched for 
age, sex and body mass index were included as controls. 
Control group did not have known history of hyperten-
sion, diabetes mellitus, dyslipidemia, renal failure, obesity, 
smoking or cardiovascular and/or cerebrovascular disease. 
Approval for the study was obtained from the Ethics Com-
mittee of Kocaeli University Medical Faculty. The study 
was conducted in accordance with the principles set forth 
in the World Medical Association’s Declaration of Hel-
sinki. Written informed consent was obtained from all 
patients and healthy controls.

Clinical assessment of PsA

Patient and physician global assessments were rated on a 
100-mm visual analog scale. During joint examination, 
a tender joint count using 66 joints and a swollen joint 
count using 66 joints (66/66-joint counts) were assessed 
and recorded in the protocol form along with the number 
of painful entheseal sites. Joint activity was assessed using 
the Disease Activity Score in 28 joints (DAS 28) in patients 
with peripheral joint involvement [19]. Psoriasis Area and 
Severity Index (PASI) was used to evaluate disease activ-
ity of skin psoriasis and recorded in the protocol form [20]. 
Results of the Health Assessment Questionnaire (HAQ) 
which were previously completed by the patients were also 
recorded in the form [21].

Carotid IMT and plaques

Carotid IMT was measured from both the right and the left 
common carotid arteries. The measurements were taken 
from the far wall 10 mm proximal to the carotid bifurca-
tion with 2D examination by a semi-automated, quick, 
safe and reproducible computer program (M’ATH©). The 
presence of plaques in the common carotid artery, bifurca-
tion and internal carotid artery was evaluated in 2D views. 
Plaque was defined as a focal structure encroaching into the 
arterial lumen of at least 0.5 mm or 50 % of the surround-
ing IMT or demonstrates a thickness of greater than or 
equal to 1.5 mm from the media adventitia interface to the 
intima lumen interface. A carotid IMT ≥0.9 mm and/or the 
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presence of atheromatous plaques was defined as subclini-
cal atherosclerosis [22]. Reproducibility of IMT and detec-
tion of plaque have been well documented [23–25].

Brachial artery reactivity

Measurements of endothelial function were taken in a tem-
perature-controlled vascular research laboratory according 
to Celermajer method [26]. Patients were examined in the 
morning after having abstained from alcohol, caffeine and 
food for nearly 8 h and having a 15-min rest on the exami-
nation bed. Arterial diameter was measured from high-
resolution, two-dimensional ultrasound images obtained 
using a Vivid 7 ultrasound machine (GE Medical Systems, 
Horten, Norway) with a 7.5-MHz linear-array transducer. 
The right brachial artery was scanned over a longitudinal 
section 3–5 cm above the right elbow. The transmit (focus) 
zone was set to the depth of the anterior vessel wall, and 
depth and gain settings were optimized to identify the 
lumen-to-vessel wall interface. When a reasonable image 
was obtained, a mark was made on the skin for repeat exam-
ination; the arm was kept in the same position throughout 
the study. Changes in diameter of the right brachial artery 
were measured at rest, during reactive hyperemia, again 
at rest and after sublingual nitroglycerin administration. A 
pneumatic tourniquet placed around the forearm distal to 
the target artery was inflated to a pressure of 250-mm Hg, 
and the pressure held for 5  min. After sudden cuff defla-
tion, a second ultrasound scan was performed. Measure-
ments were taken at 30, 60 and 90 s, and their average was 
calculated. An additional resting scan was recorded 15 min 
later to confirm the vessel recovery. Sublingual nitroglyc-
erin spray (0.4  mg) was then administered, and the last 
scans were obtained 3 and 4 min later. Images were stored 
in digital format to enable off-line analysis. The diameter 
of the brachial artery was measured from the anterior to the 
posterior interface between the media and adventitia at a 
fixed distance. The mean diameter was calculated from four 
cardiac cycles synchronized with the R-wave peaks on the 
ECG. The diameter change caused by FMD was expressed 
as the percentage change relative to that at the initial resting 
scan (FMD %). The diameter change caused by nitroglyc-
erin administration was also expressed as the percentage 
change relative to that at the recovery scan (NID %).

Intra‑observer variability

Doppler and brachial artery measurements were taken 
by an experienced cardiologist (T.S.) who was blinded 
to previously obtained data. In our laboratory, the intra-
observer variability was as follows: r =  0.97 for carotid 
USG measurements and r = 0.98 for brachial artery USG 
measurements.

Laboratory studies

C-reactive protein (CRP) and erythrocyte sedimentation 
rate (ESR) were obtained from venous blood samples of 
patients. CRP level was measured using Abbott Architect 
c16000 device by immunoturbidimetric method and ESH 
using Alifax test1 device by laser method. Lipid measure-
ments for LDL cholesterol, triglycerides, HDL cholesterol, 
total cholesterol were taken from approximately 10-h fast-
ing serum samples. Of these parameters, total cholesterol 
was measured by enzymatic method and triglycerides by 
glycerol phosphate oxidase method using Abbott Architect 
c16000 device. LDL was calculated using Friedewald’s 
equation. For serum ADMA measurement, sera were 
extracted from blood samples obtained from patient and 
control groups by centrifugation at 3,500  rpm for 10 min 
and stored at −80  °C until the time of analysis. Plasma 
ADMA measurement was taken at the Department of 
Clinical Biochemistry of Kocaeli University Medical Fac-
ulty using Dynex-DSX device (Immundiagnostik AG, Ger-
many) by microELISA method with an immunodiagnostic 
kit.

Statistical analysis

Statistical analyses of the present study were performed 
using SPSS for Windows 20.0 (SPSS, Chicago, IL, USA) 
software package. Results of descriptive analyses were pre-
sented as mean ±  SD if normal distribution was present 
and if not, as median [interquartile range (IQR)]. For pair-
wise comparisons, independent t test was used for normally 
distributed numerical variables and Chi-square test or 
Fisher’s exact test as appropriate was used for categorical 
variables. Non-normally distributed numerical data were 
analyzed using Mann–Whitney U test. Pearson’s correla-
tion test was used to investigate the associations between 
measured variables. All tests were two-sided, and a p value 
below 0.05 was considered statistically significant.

Results

Clinical findings and treatment of PsA patients

The two groups did not differ in demographic character-
istics including age, gender and body mass index. Table 1 
lists the characteristics of 20 patients enrolled in the study. 
The mean age of patients was 41  years, and 75  % were 
females. None of the patients had clinical CVD or tradi-
tional cardiovascular risk factors. During the study, 17 
patients (85  %) used disease-modifying antirheumatic 
drugs (DMARDs). Seventeen patients (85  %) were on 
methotrexate, and seven (35  %) were using anti-tumor 
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necrosis factor (anti-TNF) alpha therapy. Four (20  %) 
patients were receiving combination therapy with metho-
trexate and anti-TNF alpha, and 19 (95 %) patients were on 
≤5 mg/day prednisolone.  

Brachial artery reactivity and ADMA level

In this cross-sectional study, there was a difference between 
PsA patients and control group in FMD % which was found 
to be significantly decreased in PsA patients versus control 
group [mean  %11; median (range) 10.5  % (8–15  %) and 
mean 13.2 %; median (range) %12.8 (8.1–17.6 %), respec-
tively;  p =  0.01] (Fig.  1) (Table 2). The two groups did 

not differ in NID % [mean 14.2 % median (range) 14.3 % 
(9.5–21.4  %) and mean 14.3  %; median (range) 13.9  % 
(9.6–19  %), respectively;  p =  0.892] (Table 2) and base-
line arterial diameter [mean 3.5  mm; median (range) 3.5 
(2.6–4.9 mm) and mean 3.7 mm; median (range) 3.5 (2.9–
4.8 mm), respectively; p = 0.158] (Table 2). The FMD % 
results were not significantly different in males and 
females. Clinical and laboratory data obtained during the 
study did not show a significant correlation with FMD % 
results (Table 3). PsA patients and control groups did not 
differ in ADMA level either [mean ± SD, 0.538 ± 0.145 
and 0.629 ± 0.192, respectively; p > 0.05] (Table 4). 

Carotid IMT measurement in PsA patients and control 
group

When we looked at the mean IMT (mean  ±  SD, 
0.611 ±  0.08 and 0.596 ±  0.08, respectively;  p  >  0.05) 
(Table 4) and maximum IMT results, no significant differ-
ence was found between PsA patients and control group 
in these parameters (mean  ±  SD, 0.753  ±  0.113 and 
0.743 ± 0.09, respectively; p > 0.05) (Table 4).

Presence of subclinical atherosclerosis

While atherosclerotic plaques were detected in two (10 %) 
patients in the PsA group, none of the control subjects had 
plaques (Table 4).

Discussion

The most prominent changes that occur during the subclini-
cal stage of atherosclerotic disease include increased IMT 
and endothelial dysfunction of the entire arterial bed [27]. 
In the present study, endothelial function was demonstrated 
to be impaired in the PsA patient cohort with no clinical 
CVD and traditional cardiovascular risk factors.

As in RA, PsA and psoriasis are associated with 
increased cardiovascular mortality rate [2, 28, 29]. In the 
literature, impaired endothelial function and increased 
prevalence of subclinical atherosclerosis have been 
reported in PsA [30, 31]. In chronic inflammatory disorders 
such as RA and PsA, markers of inflammation frequently 
show variations over time, mainly in correlation with ther-
apy. Limited information is available on the effect of con-
trol of disease activity by treatment on endothelial dysfunc-
tion in PsA patients. Anti-TNF alpha therapy was reported 
to provide some improvement of endothelial dysfunction 
in ankylosing spondylitis patients [32]. On the other hand, 
in studies with RA patients, endothelial dysfunction was 
reported to ameliorate with anti-TNF alpha therapy, but the 
effect was transient [33, 34]. Contrastingly, a separate study 

Table 1   Demographic/clinical characteristics and laboratory data of 
PsA patients and controls

Values are expressed in mean ± standard deviation or median (inter-
quartile range)

PsA psoriatic arthritis, HDL high-density lipoprotein, LDL low-
density lipoprotein, HAQ Health Assessment Questionnaire, DAS28 
Disease Activity Score in 28 joints, PASI Psoriasis Area and Sever-
ity Index, ESR erythrocyte sedimentation rate, CRP C-reactive pro-
tein; DMARD disease-modifying antirheumatic drugs, Anti-TNF anti-
tumor necrosis factor alpha agent

PsA patients 
(n = 20)

Controls 
(n = 20)

p

Age (years)

At the time of study 41.4 ± 11.5 40.3 ± 8 0.739

At the onset of psoriasis 24.7 ± 12.5

At the onset of PsA 30.7 ± 9

Male/Female 5/15 9/11 0.185

Duration of disease,  
PsA (years)

6 (3.5–18)

Duration of disease,  
psoriasis (years)

16.8 ± 12

Body mass index (kg/m2) 26 ± 3.6 27 ± 3 0.352

Systolic blood pressure 
(mmHg)

125 (120–140) 120 (120–130) 0.538

Diastolic blood pressure 
(mmHg)

80 (80–80) 80 (80–85) 0.389

Total cholestero (mg/dl) 198 ± 42

HDL cholesterol (mg/dl) 53 ± 13

Triglyceride (mg/dl) 119 ± 63

LDL cholesterol (mg/dl) 121 ± 36

Peripheral involvement, 
n (%)

14 (70)

HAQ score 0.13 (0–1,2)

DAS28 2.3 ± 0.6

PASI 0 (0–0.35)

ESR (mm/hr) 8 (6.25–18.25)

CRP (mg/dl) 0.3 (0.16–0.71)

DMARDs/anti-TNF n 13/7

Steroid use n (%) 19 (95)
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reported no change in the impaired FMD % response with 
therapy in RA patients [35]. In the present study, impaired 
FMD % was demonstrated in PsA patient cohort with MDA 
who were receiving therapy. Therapy may have affected the 
change in FMD %. We believe that the difference might be 
more apparent in PsA patients with increased disease activ-
ity who receive inadequate therapy.

No significant difference was found between the two 
groups in ADMA level. ADMA is an endogenous inhibi-
tor of nitric oxide synthase [36] and also an indicator of 

endothelial dysfunction; elevations in serum ADMA level 
have been identified in several disorders associated with 
increased cardiovascular risk including RA and PsA [7, 
37, 38]. Additionally, decreased serum ADMA levels were 
observed following effective RA treatment with both stand-
ard DMARDs and biological agents [37, 38]. This may 
explain the absence of difference between two groups in 
ADMA level in the present study.

Several studies have shown increased carotid IMT in 
PsA patients as an evidence for subclinical atheroscle-
rosis [3, 5, 16, 31, 39]. However, a prospective, observa-
tional study conducted by Tam et al. showed that the pro-
gression of the atherosclerotic process could be slowed 
with use of 12  weeks of anti-TNF alpha blocker therapy 
in PsA patients. The same authors reported that early ath-
erosclerotic lesions may be treated with effective control 
of inflammation due to regression of maximum IMT over 
long-term follow-up [40]. In the present study, carotid IMT 
was greater in the patient group, but the difference versus 
control group was not statistically significant. This may 
have resulted from the small sample size. It may be consid-
ered that endothelial dysfunction that is an early functional 
indicator of atherosclerosis and measured by FMD might 
be a more sensitive marker than IMT which is an early 
morphological indicator of atherosclerosis.

Currently, inflammation is believed to play an impor-
tant role in increasing the CVD risk in rheumatic diseases, 
primarily RA [41]. Inflammation causes endothelial cell 

P= 0.01

Fig. 1   Box-and-whisker plot of flow-mediated vasodilatation 
(FMD  %) in patients with psoriatic arthritis (PsA) and controls. 
Boxes represent the 25th to 75th percentiles. Whiskers represent the 
median

Table 2   Difference in the percentages of flow-mediated endothelial-
dependent vasodilatation (FMD  %) and nitrate-induced dilatation 
(NID  %) between patients with psoriatic arthritis and controls

PsA patients  
(n = 20)

Controls  
(n = 20)

P

Baseline diameter (mm) 0.158

Mean ± SD 3.5 ± 0.5 3.7 ± 0.5

Median 3.50 3.50

Range 2.6–4.9 2.9–4.8

Interquartile range 3.1–3.5 3.22–4.0

FMD % 0.01

Mean ± SD 11 ± 2 13.2 ± 2.9

Median 10.5 12.8

Range 8–15 8.1–17.6

Interquartile range 9.6–12.3 11.8–15.6

NID % 0.892

Mean ± SD 14.2 ± 3 14.3 ± 2.4

Median 14.3 13.9

Range 9.5–21.4 9.6–19

Interquartile range 12.5–15.3 12.8–16.7

Table 3   Univariate correlation of flow-mediated endothelial-depend-
ent vasodilatation with selected variables in 20 patients with psoriatic 
arthritis

See Table 1 for additional definitions

PsA psoriatic arthritis
a  At the time of study

r P

Age (years)

At the time of study 0.107 0.65

At the onset of psoriasis 0.197 0.40

At the onset of PsA 0.310 0.18

Duration of disease, PsAa −0.077 0.74

Duration of disease, psoriasisa −0.249 0.29

DAS28 for patients with peripheral arthritisa 0.104 0.70

Systolic blood pressurea −0.086 0.72

Diastolic blood pressurea −0.213 0.37

Total cholesterola 0.027 0.92

HDL cholesterola 0.313 0.25

Triglyceridea −0.284 0.30

LDL cholesterola 0.015 0.95

Sedimentationa 0.078 0.74

C-reactive proteina 0.302 0.19
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activation characterized by the loss of vascular integrity, 
increased release of leukocyte adhesion molecules, devel-
opment of hypercoagulable state, cytokine release and 
upregulation of major histocompatibility complex HLA 
class II molecules [4]. Chronic inflammation may lead to 
oxidation, dyslipidemia and insulin resistance, all of which 
contribute to the development of endothelial dysfunction 
[4]. Recently, the outstanding role of chronic inflamma-
tion in the pathogenesis of accelerated atherogenesis was 
reported in a number of studies [4, 42, 43]. In one study, 
endothelial dysfunction in association with impaired FMD 
was shown in young RA patients with low disease activity. 
The same study also showed a strong association of chronic 
inflammation with endothelial dysfunction expressed as 
mean CRP levels [44]. In the current study, endothelial dys-
function already existing in our PsA patients with low dis-
ease activity may be associated with sustained subclinical 
chronic inflammation.

Limitations of the study include small size of the study 
population and cross-sectional, observational design which 
resulted in inadequate power to explore potential causality. 
Additionally, a single measurement was taken for param-
eters including inflammatory markers, disease activity and 
ultrasonographic variables. These data may not accurately 
reflect changes in the variables over time and the effect of 
cumulative burden associated with exposure time.

Another potential confounding factor was the use of 
steroids which is a known risk factor for atherosclerosis 
and 95  % of patients received steroids, even if at a low 
dose (≤5 mg/day prednisolone). However, no relationship 
was reported between cumulative prednisolone dose and 
endothelial dysfunction in series of PsA patients [15]. Sim-
ilarly, an association was not observed between a higher 
cumulative prednisolone dose (mean 15.7 grams) and 
endothelial dysfunction in a series of patients with long-
standing RA with no clinical CVD [45]. A third confound-
ing factor was the inability to exclude the potential effect 
of hormonal changes on the study results since the female 
patients were predominant in the PsA group.

In conclusion, there is an increased occurrence of 
early atherosclerosis in PsA irrespective of CVD risk fac-
tors and its underlying mechanism is still unclear. Further 

prospective studies with larger number of patients are 
needed to fully elucidate the mechanism of accelerated ath-
erosclerosis in PsA and help identify strategies to protect 
this group of patients against development of clinical CVD 
with appropriate therapy similar to those established for 
RA.
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