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Objective. To examine the prevalence of subclinical atherosclerosis in patients with psoriatic arthritis (PsA) compared
with healthy controls, and to identify clinical and biologic markers for atherosclerotic disease in this patient population.
Methods. Subclinical atherosclerosis was defined as the average of intima-media thickness (IMT) measures in the
common carotid artery, bifurcation, and internal carotid artery on both sides above the 95th percentile of healthy
controls. IMT was measured using carotid ultrasonography in 82 consecutive PsA patients and 82 healthy controls
matched on age, sex, and ethnicity. We also ascertained traditional and novel cardiovascular (CV) risk factors, Framing-
ham risk score (FRS), disease severity, treatment, and inflammatory markers in all PsA patients.
Results. No PsA patients had clinically overt CV diseases. After adjusting for traditional CV risk factors, PsA patients
had a higher prevalence of subclinical atherosclerosis. PsA patients with subclinical atherosclerosis had significantly
increased sugar, total triglyceride levels, total cholesterol/high-density cholesterol, white cell count, and patients’ global
assessment score compared with those without subclinical atherosclerosis. Using logistic regression analysis, indepen-
dent explanatory variables associated with subclinical atherosclerosis in PsA included increased sugar and total
triglyceride levels. The FRS was similar in PsA patients with or without subclinical atherosclerosis. Twenty-six (35%) of
74 patients had subclinical atherosclerosis despite having a low CV risk.
Conclusion. PsA is associated with subclinical atherosclerosis after adjusting for traditional CV risk factors. Independent
explanatory variables associated with subclinical atherosclerosis in PsA included increased sugar and total triglyceride levels.
Carotid IMT can identify PsA patients with subclinical atherosclerosis who may benefit from early intervention.

INTRODUCTION

Patients with psoriatic arthritis (PsA) experience substan-
tial morbidity and unfavorable outcomes at referral centers
(1,2). In a mortality study of patients with PsA from To-
ronto, the leading causes of death were diseases of the
circulatory system, with an increased death rate of 1.3 due
to cardiovascular disease (CVD) (1). Using a large admin-

istrative database, Han et al found that the prevalence ratio
of overt CVD, as well as traditional risk factors including
type II diabetes mellitus (DM), hyperlipidemia, and hyper-
tension were higher in patients with PsA compared with
controls (3). Our group recently reported that PsA was
associated with an increased prevalence of obesity, hyper-
tension, dyslipidemia, and insulin resistance because of
the shared inflammatory pathway (4). Three previous stud-
ies demonstrated that PsA patients with active synovitis
had lower total cholesterol, low-density lipoprotein (LDL)
cholesterol, and high-density lipoprotein (HDL) choles-
terol (5–7). In patients with PsA, markers of disease activ-
ity as reflected by prior use of medication, a high erythro-
cyte sedimentation rate (ESR) at presentation, and
evidence of radiologic damage are associated with an in-
creased cardiovascular (CV) mortality (2).

Early diagnosis of atherosclerosis in this population
might trigger more aggressive prophylaxis. Increased inti-
ma-media thickness (IMT) of the carotid artery, a sign of
early atherosclerosis (8), has been observed in patients
with PsA (9,10). Increased IMT significantly correlates
with traditional risk factors including age (9), body mass
index (BMI) (9), total cholesterol and LDL cholesterol (10),
and disease-related parameters including age at PsA diag-
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nosis (10), disease duration (9,10), spine involvement (9),
ESR (9), and fibrinogen (9). Whether IMT is associated
with emerging risk factors such as apolipoprotein (Apo)
A-1 and Apo B and hemostatic risk factors such as plas-
minogen activator inhibitor 1 (PAI-1) in PsA has never
been studied.

Better identification of asymptomatic individuals at
high risk of future coronary artery disease (CAD) who
should therefore receive aggressive risk reduction therapy
is an important challenge. Whether subclinical atheroscle-
rosis as determined by carotid ultrasound can refine CV
risk assessment in patients with PsA is of great interest.

In the present study, we assessed whether subclinical
atherosclerosis as determined by carotid IMT was in-
creased in a cohort of PsA patients as compared with
healthy controls. Next, we ascertained the explanatory
variables associated with subclinical atherosclerosis in the
whole group to see if PsA is an independent explanatory
variable for subclinical atherosclerosis after adjusting for
the other known CVD risk factors. Last, we repeated the
same analysis in PsA patients to look for independent
explanatory variables for subclinical atherosclerosis in
PsA and the relationship of subclinical atherosclerosis
with the Framingham Risk Assessment Model (FRAM).

PATIENTS AND METHODS

Patients. Eighty-two consecutive PsA patients who ful-
filled the Moll and Wright criteria for PsA (11) and the
Classification of Psoriatic Arthritis criteria (12) who were
followed at the rheumatology clinic of 2 regional hospitals
(The Prince of Wales Hospital and the Alice Ho Miu Ling
Nethersole Hospital) were recruited for this cross-sectional
study. Exclusion criteria included inability to provide in-
formed consent, hypothyroidism, clinically significant re-
nal disease (serum creatinine level �270 �moles/liter), or
pregnancy. Patients underwent clinical assessment and
imaging protocol and provided blood samples.

Healthy controls. Healthy age-matched (�6 years) and
sex-matched controls were recruited from a broad spec-
trum of hospital staff without prior history of overt CVD.
The catchment area of the Prince of Wales Hospital and the
Alice Ho Miu Ling Nethersole Hospital has only been
developed since the 1960s. The majority of inhabitants,
including staff at the hospital, are a typical socioeconomic
representation of first- or second-generation migrants from
southern China now living in a westernized environment.
None of the controls had a known history of hypertension,
DM, hyperlipidemia, or overt CVD (including myocardial
infarction [MI], angina, stroke, and transient ischemic at-
tack, or family history of CVD) and all were nonsmokers.
Patients and controls underwent the same anthropometric
measures and imaging protocols.

The Ethics Committee of the Chinese University of Hong
Kong approved the study protocol, and informed consent
was obtained from all participants.

Clinical interview. Disease patterns. Patients who ever
had peripheral arthritis or had it at the time of assessment
were included in the peripheral arthritis category. Patients
with inflammatory arthritis of the back who presented

with peripheral arthritis were included in the category of
spondylarthritis.

Evaluation of disease activity and severity. Pain and
physicians’ and patients’ global assessments were evalu-
ated using a 10-point visual analog scale, where 0 indi-
cated excellent well-being and 10 indicated feeling ex-
tremely unwell. Physical examination included recording
the number of tender and swollen joints using the 68
tender/66 swollen joint count, the presence of dactylitis,
and the number of permanently deformed joints. Labora-
tory markers of disease activity included ESR, high-sensi-
tivity C-reactive protein (hsCRP) level, serum albumin
level, and complete blood count. Disease activity was as-
sessed using the Disease Activity Score in 28 joints
(DAS28) (13). The DAS28 is one of the instruments uti-
lized in recent randomized controlled trials (14) that has
distinguished active treatment (infliximab) from placebo,
and has proven to be one of the most responsive and
discriminant instruments (15). The Bath Ankylosing Spon-
dylitis Disease Activity Index and Bath Ankylosing Spon-
dylitis Functional Index were used to evaluate disease
activity and function in patients with predominant axial
involvement (16,17), and the Psoriasis Area and Severity
Index was used to assess the extent of skin involvement
(18). Radiographs were reviewed for the presence of ero-
sion.

Anthropomorphic measurements. We obtained height,
weight, and waist and hip circumferences; 2 consecutive
blood pressure (BP) readings in the sitting position; and
heart rate. Other data obtained from PsA patients through
the interview and chart review included menopausal sta-
tus, smoking and drinking habits, history of DM, hyper-
tension, hypercholesterolemia, overt CVD, and family his-
tory of MI in first-degree male relatives �55 years of age or
first-degree female relatives �65 years of age. Drug history
was retrieved from case notes or elicited during the clini-
cal assessment.

Laboratory tests. Total cholesterol was measured by an
autoanalyzer enzymatic method. HDL cholesterol was de-
termined enzymatically with polyethylene glycol–modi-
fied enzymes. LDL cholesterol was calculated by the
Friedewald formula. If the triglyceride levels exceeded 4.0
mmoles/liter, the LDL levels were measured directly by
ultracentrifugal single spin analysis. Apo A and Apo B
were measured by automated analyzer (Cobas-Mira Plus,
Hoffman-LaRoche Diagnostics, Mannheim, Germany) us-
ing a turbidimetric assay. Plasma insulin was measured
using enzyme-linked immunosorbent assay (ELISA; Diag-
nostics Systems Laboratories, Webster, TX). We used the
homeostasis model assessment for determination of insu-
lin resistance: [fasting insulin (mU/liter) � fasting glucose
(mmoles/liter)] / 22.5. PAI-1 was measured by ELISA using
commercially available kits (Diagnostica Stago, Freres
Chausson, France) (19). Fibrinogen was measured using a
modified clot-rate assay. The hsCRP level was measured
using an immunoturbidimetric assay performed with
Olympus OSR6185 (Olympus Diagnostics, Lismeehan,
County Clare, Ireland). ESR was measured by the Wester-
gren method.
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Clinical risk factors and biomarkers of CVD. We exam-
ined the frequency of clinical risk factors for CVD in the
PsA patients compared with the healthy controls. The
clinical variables included smoking status, BMI, and hy-
pertension (defined as a systolic BP �140 mm Hg or a
diastolic BP �90 mm Hg or the use of antihypertensive
agents). For Asian patients, a BMI between 25 and 29.9
kg/m2 is overweight and a BMI �30 kg/m2 is obese (20).
Waist:hip ratio (WHR) was calculated as the ratio of waist-
to-hip circumferences. Abdominal obesity was defined as
1) a waist circumference �80 cm for women and �90 cm
for men, as recently proposed by the International Associ-
ation for the Study of Obesity (21) and 2) a WHR �0.9, as
proposed by the World Health Organization (WHO) (22).

Other traditional CVD risk factors were ascertained in
PsA patients, including DM (a history of DM on a DM-
specific diet, oral hypoglycemic agent, or insulin, or fast-
ing sugar �7.0 mmoles/liter) and hypercholesterolemia
(total cholesterol �6.2 mmoles/liter or LDL cholesterol
�4.13 mmoles/liter, or taking lipid lowering agent). The
National Cholesterol Education Program Adult Treatment
Panel III guidelines classify individuals as having meta-
bolic syndrome if they possess �3 of the following com-
ponents (23): 1) fasting plasma glucose �6.1 mmoles/liter
or receiving glucose-lowering drugs; 2) hypertension (sys-
tolic and/or diastolic BP �130/85 mm Hg or receiving
BP-lowering drugs); 3) fasting plasma triglycerides �1.7
mmoles/liter; 4) fasting HDL cholesterol �1.04 or �1.29
mmoles/liter in men and women, respectively; and 5) cen-
tral obesity (waist circumference �80 cm or �90 cm in
women and men, respectively) (24). Framingham sex-spe-
cific equations were used to predict the 10-year risk for
fatal and nonfatal CAD (25). PsA patients were classified as
low, intermediate, and high risk if their CAD risk was
calculated at �10%, between 10% and 20%, and �20%,
respectively.

Carotid intima-media thickness and plaque. Carotid
IMT was measured using a high-resolution B-mode ultra-
sound machine (Hewlett-Packard SONOS 5500; Hewlett-
Packard, McMinnville, OR), as previously reported (26).
Briefly, duplex carotid ultrasound was performed by an
experienced cardiologist (QS) using a 10-MHz linear vas-
cular probe (Vivid 7, GE Vingmed Ultrasound, Horten,
Norway). The cardiologist was blinded to all clinical in-
formation. Patients laid in a supine position during the
examination and carotid arteries were scanned cross-sec-
tionally and longitudinally. Minimal gain was adjusted to
visualize the lumen-intimal and medial-adventitial inter-
faces defining IMT in the far wall. Digital images of 3
cardiac cycles were saved with electrocardiogram signals
to optical discs. The IMT was measured offline in the
distal common carotid artery (the arterial segment 1 cm
proximal to the carotid bulb), bulb, and proximal internal
carotid artery (the arterial segment 1 cm distal to the ca-
rotid bifurcation) using dedicated software (Carotid Ana-
lyzer, Medical Imaging Applications, Coralville, IA), and
was analyzed by the same investigator who was blinded to all
clinical information. The values of maximal thickness were
recorded, not including plaques, for the following calcula-
tion. Plaque was defined as a localized thickening �1.2 mm

that did not uniformly involve the whole artery. The mean
and maximal IMT values of 6 arterial segments were calcu-
lated for further analysis. Reproducibility of IMT and de-
tection of plaque has been well documented (27–29).

Subclinical atherosclerosis is defined as the average of
IMT measures in the common carotid artery, bifurcation,
and internal carotid artery on both sides above the 95th
percentile of healthy controls (30).

Statistical analysis. SPSS for Windows, version 13.0
(SPSS, Chicago, IL) was used for the analyses. Results are
expressed as the mean � SD for normally distributed data.
Non-normally distributed data are expressed as the me-
dian (interquartile range [IQR]). Comparisons between 2
groups were assessed using t-test for continuous variables
and chi-square tests for categorical variables. Mann-Whit-
ney U test was used for continuous variables that were
highly skewed. Comparisons between 3 groups were as-
sessed using one-way analysis of variance for continuous
variables. Post hoc analysis using Bonferroni adjustment
was performed to ascertain differences between sub-
groups. Correlations between variables were analyzed
with a correlation test and regression analysis. Variables
with P values less than 0.05 in the univariate analysis were
entered into the linear regression analysis. Independent
explanatory variables for subclinical atherosclerosis were
assessed using binary logistic regression analysis (forward,
stepwise). P values less than 0.05 were considered signif-
icant. All tests were 2-tailed.

RESULTS

Clinical features of PsA patients. Clinical information
for 102 PsA patients has previously been reported (4), and
82 of the 102 were included in this study. The clinical
characteristics of the 82 patients are summarized in Table
1. Twenty-three (57.5%) of 40 female patients were post-
menopausal. Sixty-one percent of the patients had psoria-
sis preceding PsA. Eight (9.7%) patients had distal joint
disease, 28 (34.1%) had oligoarthritis involving �4 joints,
30 (36.6%) had polyarthritis affecting �5 joints, 1 (1.2%)
had arthritis mutilans, and 15 (18.3%) had spondylarthri-
tis. The diagnosis of spondylarthritis was based on clinical
grounds; only 8 of 15 patients had features of sacroiliitis
on radiograph. Forty-nine (59.8%) patients had erosion on
radiograph. Sixty-six (80.5%) patients had psoriasis at the
time of assessment. No patients had clinically overt CVD.

Medications used by PsA patients. At the time of the
study, 48 (58.5%) patients were taking nonsteroidal anti-
inflammatory drugs. Forty-three (52.4%) patients were
currently taking disease-modifying antirheumatic drugs
(DMARDs) and 9 (11.0%) were taking combination
DMARDs. Methotrexate (MTX) was by far the most fre-
quently used medication (27 [32.9%] of 82 patients).
Eleven (13.4%) patients were taking sulfasalazine, 2
(2.4%) were taking hydroxychloroquine, and 1 (1.1%) was
taking leflunomide. Seven patients had been taking corti-
costeroids at a median (IQR) cumulative dosage of 0.9
gm/day (IQR 0.5–22.2). Only 2 (2.4%) patients were still
taking prednisone. One (1.0%) patient was taking anti–
tumor necrosis factor �. Eight (9.8%) patients were taking
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oral hypoglycemic agents, 20 (24.4%) were taking antihy-
pertensives, and 2 (2.4%) were taking statins.

Demographic and traditional CV risk factors in PsA
patients and healthy controls. The demographic data and
the prevalence of traditional CV risk factors in PsA pa-
tients compared with controls are summarized in Table 2.
The PsA group had a significantly higher mean BMI, WHR,
and systolic and diastolic BP, and the prevalence of over-
weight, obesity, abdominal obesity, hypertension, and cur-
rent smoker was also significantly increased.

Carotid IMT in PsA patients and healthy controls. The
mean and the maximum IMT of the PsA patients were
significantly increased compared with the healthy controls
(Table 2). When PsA patients were divided into those with
and without CV risk factors, both the mean and the max-

imum IMT were significantly different among the 3 groups
(P � 0.001). In the post hoc analysis using Bonferroni
adjustment, the mean � SD IMT of healthy controls
(0.63 � 0.07 mm) was significantly lower than that of PsA
patients without CV risk factors (0.70 � 0.14 mm; P �
0.013) and PsA patients with CV risk factors (0.76 � 0.12
mm; P � 0.001) (Figure 1A); the mean IMT of PsA patients
without CV risk factors was slightly lower than that of PsA
patients with CV risk factors (P � 0.079). Similarly, the
maximum IMT of healthy controls (0.72 � 0.10 mm) was
significantly lower than that of PsA patients without CV
risk factors (0.86 � 0.20 mm; P � 0.001) and PsA patients
with CV risk factors (0.90 � 0.17 mm; P � 0.001) (Figure
1B). However, the maximum IMT of PsA patients without
CV risk factors was similar to that of PsA patients with CV
risk factors (P � 0.70).

Table 1. Demographic and clinical characteristics of the psoriatic arthritis (PsA) patients with and without subclinical
atherosclerosis (SCA)*

All PsA patients
(n � 82)

PsA patients
with no SCA

(n � 52)

PsA patients
with SCA
(n � 30) P†

Age, years 49 � 10 48 � 12 51 � 8 0.154
Sex, no. 0.096

Male 42 23 19
Female 40 29 11

Age at PsA diagnosis, years 39 � 10 38 � 11 41 � 9 0.245
Age at psoriasis diagnosis, years 36 � 12 34 � 12 38 � 13 0.159
PsA disease duration, years 9.4 (3.2–14.8) 10.3 (2.6–16.4) 8.4 (3.4–14.0) 0.656
Disease patterns, no. 0.761

Peripheral 67 43 24
Spondylarthritis 15 9 6

DAS28 3.4 � 1.3 3.4 � 1.4 3.5 � 1.3 0.838
No. of tender joints 2.0 (0–7.3) 2.0 (0–7.0) 2.0 (0–10.3) 0.980
No. of swollen joints 0.5 (0–3.0) 1 (0–3) 0 (0–2) 0.070
Current psoriasis, no. 0.507

Yes 66 43 23
No 16 9 7

PASI 2.7 (1.0–7.8) 4.4 (1.4–8.4) 1.8 (0.8–4.5) 0.124
Physician’s global (VAS 0–10) 2 (0–3) 1 (0–3) 2 (1–3) 0.679
Pain (VAS 0–10) 4.9 � 2.7 4.7 � 2.6 5.1 � 2.8 0.455
Patient’s global (VAS 0–10) 4.8 � 2.4 4.3 � 2.4 5.4 � 2.2 0.034
BASDAI (n � 15) 4.4 � 2.0 4.2 � 2.0 4.7 � 2.0 0.197
BASFI (n � 15) 1.7 (0.4–4.8) 1.2 (0.4–4.8) 2.1 (0.9–4.8) 0.321
No. of damaged joints 2 (0–7) 2 (0–8) 2 (0–7) 0.663
Erosion on radiograph, no. 0.312

Yes 49 33 16
No 33 19 14

Previous joint surgery, no. 0.185
Yes 6 2 4
No 76 50 26

Health Assessment Questionnaire 0.4 (0.1–1.0) 0.4 (0–1.1) 0.4 (0.1–1.0) 0.786
Current DMARDs, no. 0.087

Yes 43 31 12
No 39 21 18

Corticosteroid ever, no. 0.703
Yes 7 4 3
No 75 48 27

* Values are the mean � SD or median (interquartile range) unless otherwise indicated. DAS28 � Disease Activity Score in 28 joints; PASI � Psoriasis
Area and Severity Index; VAS � visual analog scale; BASDAI � Bath Ankylosing Spondylitis Disease Activity index; BASFI � Bath Ankylosing
Spondylitis Functional Index; DMARDs � disease-modifying antirheumatic drugs.
† P values indicate differences between PsA patients with and without SCA.
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Prevalence of subclinical atherosclerosis. The preva-
lence of plaques in PsA patients was significantly in-
creased compared with the healthy controls (Table 2). PsA
patients with carotid plaques were older at the time of
assessment (mean age 56 � 10 years versus 48 � 10 years;
P � 0.006) and at diagnosis of psoriasis (43 � 13 years
versus 34 � 12 years; P � 0.024). The 10-year CAD risk
according to the Framingham risk score (FRS) (median
[IQR] 6.0% [2.0–8.0%] versus 1.0% [0.9–4.0%]; P �
0.012), mean IMT (0.86 � 0.17 mm versus 0.74 � 0.10 mm;
P � 0.006), and maximum IMT (1.08 � 0.23 mm versus
0.84 � 0.13 mm; P � 0.002) were increased in patients
with plaques. When the 3 explanatory variables were an-
alyzed using logistic regression, the independent explan-
atory variable associated with plaques was older age at
diagnosis of psoriasis (odds ratio [OR] 1.06, 95% confi-
dence interval [95% CI] 1.01–1.12, P � 0.030).

The 95th percentile of the mean IMT of healthy controls
was 0.752 mm. The prevalence of subclinical atheroscle-
rosis (mean IMT �0.752 mm) was significantly increased
in PsA patients (30 [37%] of 82) compared with healthy
controls (4 [5%] of 82; P � 0.001). The prevalence of
subclinical atherosclerosis was significantly higher in pa-
tients with PsA in all decades of life, except those in the
youngest group (age �40 years) (Figure 1C).

Explanatory variables associated with subclinical ath-
erosclerosis in the whole group (n � 164). The demo-
graphic and traditional risk factor profiles in patients with
and without subclinical atherosclerosis are summarized in
Table 3. Patients with subclinical atherosclerosis had sig-
nificantly increased BMI, WHR, and systolic and diastolic
BP. Subclinical atherosclerosis was also associated with
male sex, hypertension, obesity, abdominal obesity
(WHO), and the diagnosis of PsA. Significant differences
in the prevalence of subclinical atherosclerosis were found
between the different age groups but not between current

smokers and nonsmokers. The ages of patients with and
without subclinical atherosclerosis were similar.

All of these explanatory variables (BMI, WHR, systolic
and diastolic BP, sex, hypertension, obesity, abdominal
obesity [WHO], age group, and diagnosis of PsA) were
analyzed using logistic regression. Independent explana-
tory variables associated with subclinical atherosclerosis
in the whole group included male sex (OR 3.63, 95% CI
1.33–9.91, P � 0.012) and PsA (OR 15.17, 95% CI 4.17–
55.22, P � 0.001).

Explanatory variables associated with subclinical ath-
erosclerosis in the PsA group (n � 82). PsA patients with
subclinical atherosclerosis had significantly increased
sugar, total triglyceride levels, total cholesterol/HDL,
white cell count, and patient’s global assessment score
(Tables 1, 4, and 5). Other demographic characteristics,
disease-related parameters, and traditional or novel CVD
risk factors were similar between the 2 groups. The use of
DMARDs, including MTX, was not associated with sub-
clinical atherosclerosis.

All of these explanatory variables were analyzed using
logistic regression. Independent explanatory variables as-
sociated with subclinical atherosclerosis in PsA patients
included increased sugar (OR 1.873, 95% CI 1.152–3.044,
P � 0.011) and total triglyceride levels (OR 1.859, 95% CI
1.051–3.288, P � 0.033).

FRAM and subclinical atherosclerosis in the PsA
group. The mean � SD FRS was 9.0 � 4.8 for the whole
group of PsA patients. Seventy-four (90%) of these pa-
tients were considered to have low CAD risk (�10% 10-
year risk of fatal and nonfatal CAD). The FRS was similar
in PsA patients with and without subclinical atheroscle-
rosis. Twenty-six (35%) of 74 patients had subclinical
atherosclerosis despite having a low risk of CAD (Table 4).

Table 2. Demographic data, traditional risk factor profiles, intima-media thickness
(IMT), and plaques in PsA patients compared with healthy controls*

Control
(n � 82)

PsA
(n � 82) P

Age, years 50 � 10 49 � 10 0.586
Sex, male:female 42:40 42:40 1.0
BMI, kg/m2 23.4 � 3.1 25.7 � 4.7 0.001

Normal (�25), no. (%) 57 (70) 47 (57) 0.012
Overweight (25–29.9), no. (%) 23 (28) 23 (28)
Obese (�30), no. (%) 2 (2) 12 (15)

Waist:hip ratio 0.86 � 0.08 0.90 � 0.08 0.001
Abdominal obesity (IASO), no. (%) 32 (39) 49 (60) 0.001
Abdominal obesity (WHO), no. (%) 22 (27) 41 (50) 0.001

Systolic blood pressure, mm Hg 121 � 11 134 � 17 � 0.001
Diastolic blood pressure, mm Hg 72 � 8 80 � 9 � 0.001
Hypertensive, no. (%) 0 (0) 41 (50)
Current smoker, no. (%) 0 (0) 8 (10) 0.007
Mean IMT, mm 0.626 � 0.074 0.740 � 0.126 � 0.001
Maximum IMT, mm 0.722 � 0.106 0.888 � 0.178 � 0.001
Plaques, no. (%) 0 (0) 15 (18) � 0.001

* Values are the mean � SD unless otherwise indicated. PsA � psoriatic arthritis; BMI � body mass
index; IASO � International Association for the Study of Obesity; WHO � World Health Organization.
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DISCUSSION
We have confirmed the findings from 2 previous studies
that PsA was associated with subclinical atherosclerosis
(9,10) by exhibiting an increased IMT compared with
healthy controls. The prevalence of subclinical atheroscle-
rosis appears stable after age 40 years probably due to the

skewed distribution of other CVD risk factors (e.g., obesity
[0 of 13, 11 of 28, 0 of 31, and 1 of 10 in the 4 age groups,
respectively] was found predominantly in the 40–49 years
age group).

One potential bias from our study is that controls who
smoked or had known CVD risk factors were excluded. We

Figure 1. A, Mean intima-media thickness (IMT) in controls and
in psoriatic arthritis (PsA) patients with and without cardiovas-
cular disease (CVD) risk factors. B, Maximum IMT in controls and
in PsA patients with and without CVD risk factors. C, Prevalence
of subclinical atherosclerosis in controls and in patients with PsA,
subdivided according to age. Shaded bars � healthy controls;
open bars � patients with PsA. In A and B, boxes represent the
25th to 75th percentiles. Lines inside the boxes represent the
median. Error bars indicate the 95% confidence interval. Circles
indicate outliers. In C, Error bars indicate the SD.
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acknowledge the fact that age-, sex-, and ethnicity-matched
community controls without overt CVD and PsA would be
a more representative sample for assessing the IMT of the
general population, because IMT is well known to be as-
sociated with CVD risk factors. Therefore, we performed a
subgroup analysis comparing the mean IMT of PsA pa-
tients without CVD risk factors and healthy controls. The
mean IMT of PsA patients without CVD risk factors was
significantly increased by 1 SD compared with healthy
controls, suggesting an age- and sex-adjusted relative risk
of MI of 1.26 (31).

Although controls with known CVD risk factors, such
as smoking, were excluded, the maximum IMT results of
our controls were similar to another study that included
284 Chinese persons randomly selected from the com-
munity in a westernized environment (32) (data not
shown).

Based on a recent consensus statement, the presence of
carotid plaque or IMT greater than or equal to the 75th
percentile for the patient’s age, sex, and race/ethnicity is

indicative of increased CVD risk and may signify the need
for more aggressive risk-reduction interventions (33). Our
definition of subclinical atherosclerosis was much more
stringent than the current recommendation. We defined
subclinical atherosclerosis as carotid IMT greater than the
95th percentile of the age-, sex-, and ethnicity-matched
population without CVD and other known CVD risk fac-
tors, because in middle-aged subjects of the Atherosclero-
sis Risk in Communities study (30), ultrasound evidence
of markedly increased overall mean carotid IMT (average
of IMT measures above the 95th percentile) was associated
with 14% and 11% 10-year CAD risk in men and women,
respectively. All of these results suggest that PsA itself is
an independent risk factor associated with subclinical ath-
erosclerosis, whereas the presence of coexisting CVD risk
factors would aggravate this condition. We also tried to
confirm this by performing multivariate analysis and dem-
onstrated that PsA itself was an independent risk factor
associated with subclinical atherosclerosis after adjusting
for the traditional CV risk factors (hypertension, smoking,

Table 3. Demographic and traditional risk factor profiles in patients with and without
subclinical atherosclerosis in the whole group (n � 204)*

No subclinical
atherosclerosis

(n � 130)

Subclinical
atherosclerosis

(n � 34) P

Age, years 49.1 � 10.9 50.9 � 7.5 0.384
Age group, no. (%) 0.011

�40 (n � 29) 28 (97) 1 (3)
40–49 (n � 44) 29 (65) 15 (35)
50–59 (n � 67) 52 (78) 15 (22)
�60 (n � 24) 21 (88) 3 (12)

Sex, no. (%) 0.031
Male (n � 84) 61 (73) 23 (27)
Female (n � 80) 69 (86) 11 (14)

BMI, kg/m2 24.0 � 3.8 26.6 � 4.7 0.001
Normal (�25) (n � 106), no. (%) 90 (85) 16 (15) 0.029
Overweight (25–29.9), (n � 44), no. (%) 32 (73) 12 (27)
Obese (�30) (n � 14), no. (%) 8 (57) 6 (43)

Waist:hip ratio 0.87 � 0.08 0.91 � 0.07 0.008
Abdominal obesity (IASO), no. (%) 0.879

Yes (n � 81) 64 (79) 17 (21)
No (n � 83) 66 (80) 17 (20)

Abdominal obesity (WHO), no. (%) 0.012
Yes (n � 63) 44 (70) 19 (30)
No (n � 101) 86 (85) 15 (15)

Systolic blood pressure, mm Hg 125 � 15 135 � 14 0.003
Diastolic blood pressure, mm Hg 74 � 9 82 � 7 � 0.001
Hypertensive, no. (%) � 0.001

Yes (n � 41) 24 (56) 17 (44)
No (n � 123) 106 (86) 17 (14)

Current smokers, no. (%) 0.671
Yes (n � 8) 6 (75) 2 (25)
No (n � 156) 124 (79) 32 (21)

Patient groups, no. (%) � 0.001
Psoriatic arthritis (n � 82) 52 (63) 30 (37)
Healthy controls (n � 82) 78 (95) 4 (5)

Mean IMT, mm 0.64 � 0.07 0.85 � 0.12 � 0.001
Maximum IMT, mm 0.75 � 0.10 1.03 � 0.18 � 0.001

* Values are the mean � SD unless otherwise indicated. BMI � body mass index; IASO � International
Association for the Study of Obesity; WHO � World Health Organization; IMT � intima-media thickness.
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obesity). This leads us to speculate that early onset of
atherosclerosis may be a characteristic of PsA, similar to
other chronic inflammatory diseases.

The mechanism by which premature atherosclerosis de-
velops in PsA is not known. Fasting sugar and triglyceride
levels were predictive of subclinical atherosclerosis in our
study, whereas none of the other novel and disease-related
parameters improved the prediction of subclinical athero-
sclerosis. Our results are consistent with those of Kimhi et
al (9), who reported an association of increased IMT with
diabetes. Of note is that the median sugar level in PsA
patients with subclinical atherosclerosis was well below
the normal limit. This finding raises our concern about the
definition of normality in terms of fasting sugar level in
patients with chronic inflammatory diseases.

Hypertriglyceridemia is commonly associated with ge-
netic disorders (familial combined hyperlipidemia and fa-
milial hypoalphalipoproteinemia), DM, obesity, insulin

resistance, metabolic syndrome, and alcohol consump-
tion, and has been shown to predict CAD after adjustment
for many traditional risk factors (34), but not after adjust-
ment for LDL or HDL cholesterol subfractions. In our
study, the prevalence of other associated disorders was not
increased in PsA patients with subclinical atherosclerosis.
Whether increased triglyceride level is associated with
clinical CAD needs to be addressed in future studies.

In a large Chinese population study, the original FRAM
overestimated the risk of CAD for the participants (35).
Our finding of a high prevalence of subclinical atheroscle-
rosis in this group of Chinese PsA patients, the majority of
whom are considered low risk according to the FRAM,
suggests that increased CVD in PsA patients cannot be
fully explained by traditional Framingham risk factors
alone. Prospective studies of PsA patients comparing the
role of traditional risk factors, disease-related parameters,
inflammatory markers, other novel risk factors, and IMT

Table 4. Traditional cardiovascular risk factors in psoriatic arthritis (PsA) patients with and
without subclinical atherosclerosis (SCA)*

PsA patients with
no SCA (n � 52)

PsA patients with
SCA (n � 30) P

Obesity 0.508
Normal (BMI �25 kg/m2) (n � 47) 32 (68) 15 (32)
Overweight (BMI 25–29.9 kg/m2) (n � 23) 14 (61) 9 (39)
Obese (BMI � 30 kg/m2) (n � 12) 6 (50) 6 (50)

Abdominal obesity (IASO) 0.728
Yes (n � 53) 36 (70) 17 (30)
No (n � 36) 18 (50) 18 (50)

Abdominal obesity (WHO) 0.840
Yes (n � 41) 25 (61) 16 (39)
No (n � 41) 27 (66) 14 (34)

Family history of MI 0.756
Yes (n � 16) 10 (63) 6 (37)
No (n � 66) 42 (64) 24 (36)

Current smoker 0.704
Yes (n � 8) 6 (75) 2 (25)
No (n � 74) 46 (62) 28 (38)

Hypertensive 0.146
Yes (n � 45) 25 (56) 20 (44)
No (n � 44) 31 (70) 13 (30)

Diabetes 0.266
Yes (n � 19) 10 (53) 9 (47)
No (n � 63) 42 (67) 21 (33)

Hyperlipidemia 0.521
Yes (n � 12) 9 (75) 3 (25)
No (n � 70) 43 (61) 27 (39)

Metabolic syndrome 0.507
Yes (n � 16) 9 (56) 7 (44)
No (n � 66) 43 (65) 23 (35)

Current alcohol use 0.953
Yes (n � 27) 17 (63) 10 (37)
No (n� 55) 35 (64) 20 (36)

Framingham risk score, mean � SD 8.6 � 5.1 9.6 � 4.2 0.384
10-year CVD risk �10% 0.455

Yes (n � 74) 48 (65) 26 (35)
No (n � 8) 4 (50) 4 (50)

* Values are the number (percentage) unless otherwise indicated. BMI � body mass index; IASO � International
Association for the Study of Obesity; WHO � World Health Organization; MI � myocardial infarction; CVD �
cardiovascular disease.
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values are required to ascertain the comparative prognos-
tic performance of the various tests of atherosclerosis cur-
rently available before one can recommend routine IMT
screening in this group of patients.

Limitations of our study include its cross-sectional de-
sign and inherent inability to establish probable causality.
Single determinations of traditional and novel risk factors,
inflammatory markers, and disease activity assessment
may not accurately represent concentration over time and
cumulative burden of exposure. In addition, we were un-
able to precisely quantify lifetime doses of medications to
more fully examine the effect of pharmacologic therapy on
development of atherosclerosis. Ideally, fasting blood sam-
ples from the healthy controls should be checked for the
traditional and novel risk factors for more comprehensive
analysis.

In conclusion, low-risk patients with PsA have a marked
increase in carotid atherosclerosis independent of tradi-
tional risk factors. In particular, subclinical atherosclerosis
in PsA patients was associated with increased sugar and
triglyceride levels. Future research efforts should seek to
define more precisely the mechanisms whereby athero-
sclerosis is accelerated in patients with PsA and to identify
interventional strategies that will slow the development of
clinical CVD in this group of patients.
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