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Abstract: Psoriasis is a model Th1-mediated inflammatory disease associated with increased incidence of stroke and
cardiovascular disease (CVD). The mechanism behind these associations is unknown, however abnormal HDL particle composition measured by nuclear magnetic resonance (NMR) spectroscopy has been shown to be associated
with CVD. Using [18F]-fluorodeoxyglucose (FDG) positron emission tomography-computed tomography (PET/CT), a
validated surrogate marker of CVD, we assessed whether HDL particle size and concentration were associated with
vascular inflammation in patients with psoriasis. Patients with psoriasis were prospectively enrolled (439 aortic samples from 10 patients). Lipoprotein profiles using NMR spectroscopy were obtained and the relationship between
vascular inflammation within the thoracic aorta by FDG-PET/CT was analyzed for association with lipoprotein particle
characteristics. The plasma total cholesterol (206 mg/dL (IQR 154-229)), LDL (105 (90-161)), and triglyceride levels
were within normal range (151 (94-191)) while HDL levels were low (28.9 (27.2-31.3)); however, the NMR profile
demonstrated an atherogenic profile with increased small LDL and HDL particles. Total HDL particle concentration
(p<0.001) and HDL particle size (p<0.001) were associated with decreased aortic inflammation, while concentration
of small HDL particles was associated with increased inflammation (p<0.001). The association of total HDL particle
concentration (β -0.0113, p=0.002) and small HDL particle concentration (β 0.026, p<0.001) with aortic inflammation persisted following adjustment for CVD risk factors. Total HDL particle concentration and small HDL particle concentration were associated with vascular inflammation within the thoracic aorta in psoriasis. These findings suggest
that HDL particle characteristics may play an important role in psoriatic vascular inflammation and CVD.
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Introduction
Recently, [18F]-fluorodeoxyglucose (FDG) positron emission tomography-computed tomography (PET/CT) has emerged as a promising biomarker for the measurement of in vivo vascular
inflammation [1]. Used in clinical studies as a
surrogate marker for macrophage activity, FDGPET/CT localizes and measures active inflammation within vessel walls, a specificity that
allows FDG-PET to capture dynamic inflammatory changes [2, 3]. Indeed, vascular inflamma-

tion on FDG-PET/CT has been associated with
aging [4], adverse carotid events [2, 5], aortic
dissection [6], and elevated hs-CRP [7, 8], while
clinical trials of statin therapy [9, 10] and lifestyle modification [11] have demonstrated reductions in vascular inflammation.
These studies suggest that FDG-PET/CT may
have a promising role in advancing our understanding of atherosclerosis and vascular inflammation, particularly in settings of dynamic
chronic inflammation. Using FDG-PET/CT, our
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group recently demonstrated that patients with
moderate to severe psoriasis have greater inflammation in the aorta compared to healthy
controls, an observation that persisted after
adjustment for cardiovascular risk factors, including low-density lipoprotein (LDL) and highdensity lipoprotein (HDL) levels [12]. Psoriasis is
a chronic T-helper (Th) 1/17-mediated inflammatory skin disease that affects approximately
2-3% of the U.S. population and over 125 million people worldwide. Patients with severe disease demonstrate an increased risk of stroke,
myocardial infarction, and cardiovascular mortality, and psoriasis has recently been identified
as an emerging cardiovascular risk factor [1317]. Therefore, psoriasis provides a unique disease state in which the impact of chronic in vivo
inflammation can be examined on cardiometabolic diseases such as atherosclerosis and
lipoprotein metabolism.
A growing body of literature suggests that
chronic inflammatory states such as psoriasis
may adversely affect lipoprotein metabolism,
and predispose to high density lipoprotein (HDL)
dysfunction through the production of proinflammatory lipoprotein particles and the impairment of reverse cholesterol transport [18-20].
Other chronic inflammatory states, including
type 2 diabetes mellitus and insulin resistance,
alter lipoprotein composition, resulting in
proatherogenic changes characterized by an
increase in small LDL or HDL particles and a
decrease in large lipoprotein particles [21].
These variations in lipoprotein particle size add
a dimension to our understanding of lipoprotein
function not captured by traditional measurements of LDL and HDL cholesterol concentrations. In large-scale population studies, lipoprotein particle size and concentration have been
observed to associate with cardiovascular
events independent of traditional lipoprotein
levels, suggesting that measurement of lipoprotein particles may yield new insights into the
relationship between inflammation and atherosclerosis [22-25].
Variations in lipoprotein particle size and concentration may therefore have measurable effects on vascular inflammation observed on
FDG-PET/CT, and such relationships may offer
promising insight into inflammatory drivers of
cardiovascular risk. To study the relationship
between lipoprotein particle variation and vascular inflammation, we performed a proof-of-

286

concept pilot study using psoriasis a model system for chronic inflammation [26]. Using FDGPET/CT, we investigated whether vascular inflammation measured within the thoracic aorta,
a clinically significant risk factor for stroke, myocardial infarction and aneurysm rupture, was
associated with HDL particle size and concentration in the setting of chronic psoriasis.
Materials and methods
Subjects and study design
We prospectively enrolled patients ages 18 to
70 with psoriasis (n=10) involving a body surface area (BSA) >10%. We excluded individuals
with diabetes mellitus, history of cardiovascular
disease, uncontrolled hypertension (defined as
systolic blood pressure >180 mmHg or diastolic
blood pressure >95 mmHg), pregnancy or lactation, regular use of alcoholic beverages (>2
drinks per day), major systemic or psychiatric
disease, recent invasive surgery, or recent participation in interventional drug trials. Patients
were recruited from dermatology and preventive
cardiology clinics at the University of Pennsylvania. The study complied with the Declaration
of Helsinki and was approved by the Institutional Review Board of the University of Pennsylvania. All subjects provided written informed
consent.
Research protocol
Patients fasted 8 hours prior to the study and
volunteered blood samples for the measurement of fasting glucose, high sensitivity Creactive protein (hs-CRP), erythrocyte sedimentation rate (ESR), and lipid profile. Lipoprotein
particle size and concentration were determined
by nuclear magnetic resonance (NMR) spectroscopy (Liposcience, Raleigh, NC) as previously
described [22]. Patients then underwent a
whole body FDG-PET/CT scan as previously described (Gemini TF, Philips Medical Systems)
[12] and PET/CT image acquisition commenced
~60 minutes after intravenous administration of
~140 μCi/kg FDG to maximize detection of
macrophage activity. Axial, sagittal, and coronal
PET reconstructions were interpreted with attenuation correction using CT images for attenuation correction and anatomical correlation.
2D circular regions of interests (ROI) were
manually placed on each PET slice image
around the external contour of the thoracic
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aorta (total n=439). Mean standardized uptake
values (SUV) and areas of each ROI were measured for each slice using dedicated PET/CT image analysis software (Extended Brilliance
Workstation, Philips Healthcare, Bothell, WA). To
correct mean SUV values for background blood
activity, we divided the mean SUV per slice by
the average blood SUV estimated from the inferior vena cava below the level of the renal arteries [27]. This produced a background-corrected
SUV known as arterial tissue-to-background
ratio (TBR), a widely utilized measure of vascular inflammation [28].
Statistical analysis
The primary outcome of this study was vascular
inflammation within the thoracic aorta, measured as TBR in 439 FDG PET samples. The unadjusted association of cardiovascular risk factors and lipoprotein particle characteristics with
vascular inflammation was assessed using
Spearman’s correlation (ρ). Multivariate linear
regression was used to describe the association
of HDL particle concentration with aortic inflammation after adjustment of traditional cardiovascular risk factors. Because vascular inflammation values within a subject may be highly
correlated, we further performed random effects and fixed effects regression models to
adjust for within subject correlation of TBR
among FDG PET samples and present the results of the fixed effect model. All analyses were
performed in STATA 11 [StataCorp, College Station, Texas].
Results
Subject characteristics
Subject characteristics are summarized in Table
1. Briefly, 80% of study participants were male,
the median age was 49 (Interquartile range
(IQR) 42-53) and the median body surface area
affected by psoriasis was 19% (13-32). Among
study participants, 1 patient reported biologic
use within the last 3 months, 2 patients reported methotrexate use only, 6 patients used
topical steroids only, and 1 patient was untreated. Subjects were obese (body mass index
(BMI) 31 (28-37)) and had normal hs-CRP (2.7
(1.95-10.7) mg/L), blood pressure (systolic 130
(112-137) mmHg) and fasting glucose (87 (7992) mg/dl) with mostly normal fasting lipid parameters. Strikingly, NMR spectroscopy of lipo-
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protein particles revealed an atherogenic lipoprotein profile similar to that seen in insulin
resistant individuals [21], characterized by
lower concentrations of large LDL particles,
higher concentrations of small LDL and small
HDL particles, and decreased average LDL and
HDL particle size.
Thoracic aortic inflammation
A total of 439 thoracic aorta samples were identified and measured by FDG-PET/CT. The mean
inflammation in the thoracic aorta as measured
by TBR was 1.25 (SD 0.22). Medication use,
including use of biologics (n=1), methotrexate
(n=2), and topic steroids (n=6) demonstrated
no correlation with inflammation in the thoracic
aorta by Spearman correlation. In this limited
age range, we found that age was negatively
correlated with aortic inflammation in univariate
analysis. Other known cardiovascular risk factors including gender, BMI, serum triglycerides,
total cholesterol, LDL cholesterol, and HDL cholesterol demonstrated expected relationships
with vascular inflammation (Table 2). There was
no statistically significant relationship observed
between aortic inflammation and hs-CRP, a
commonly used biomarker for inflammation.
However, proatherogenic lipoprotein particles,
namely total LDL particle concentration
(Spearman’s ρ 0.43, p<0.001), small LDL particle concentration (ρ 0.23, p<0.001), and small
HDL particle concentration (ρ 0.24, p<0.001),
were associated with increased aortic inflammation. In contrast, cardioprotective lipoprotein
profiles such as total HDL particle concentration
(ρ -0.16, p<0.001), large HDL particle concentration (ρ -0.59, p<0.001), and HDL size (ρ 0.64, p<0.001) were correlated with lower levels of vascular inflammation.
To test whether these associations remained
robust after adjustment for traditional cardiovascular risk factors, we used multivariate
analysis fitted using fixed effects and random
effects models to accommodate for within subject correlation of thoracic aorta SUV. The association of both total HDL particle concentration
(β -0.013, p<0.001) and small HDL particle concentration (β 0.026, p<0.001) with thoracic
aorta inflammation remained robust in our
model adjusted for age (β 0.058, p<0.001),
male gender (β 0.408, p<0.001), systolic blood
pressure (β 0.012, p<0.001), LDL cholesterol (β
0.014, p<0.001), and HDL cholesterol (β -
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Table 1. Study subject characteristics
Variable
Age
Male, count (%)
Body Surface Area
PGA†
PASI
Body Mass Index
Waist-hip ratio
Fasting glucose (mg/dl)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Hypertension, count (%)
Antihypertensive, count (%)
Tobacco, count (%)
Statin, count (%)
hs-CRP, mg/L
Erythrocyte sedimentation rate
Serum Total Cholesterol (mg/dl)
Serum Triglycerides (mg/dl)
Serum HDL cholesterol (mg/dl)
Serum LDL cholesterol (mg/dl)
LDL particle concentration (nmol/l)
Large LDL particle concentration (nmol/l)
Small LDL particle concentration (nmol/l)
LDL size (nm)
HDL particle concentration (µmol/l)
Large HDL particle concentration (µmol/l)
Small HDL particle concentration (µmol/l)
HDL size (nm)

Sample Characteristics*
N=10
49 (42-53)
8 (80%)
19 (13-32)%
3 (2.3-3.3)
11.1 (9.2-17.2)
31 (28-37)
1.0 (0.85-1.0)
87 (79-92)
130 (112-137)
79 (71-84)
2 (20%)
1 (10%)
2 (20%)
2 (25%)
2.7 (1.95-10.7)
12 (5-22.5)
206 (154-229)
151 (94-191)
38 (36-39)
105 (90-161)
1341 (940-1746)
218 (100-345)
1148 (695-1533)
20.2 (19.7-20.4)
28.9 (27.2-31.3)
4.2 (3.1-5.3)
22.2 (14.8-25.4)
8.7 (8.5-8.9)

*Values represent median (IQR) unless otherwise specified. †The body surface area, Physician Global Assessment (PGA), and
Psoriasis Area and Severity Index (PASI) are measures of degree and severity of psoriasis disease.

0.006, p<0.001).
Discussion
The role of HDL cholesterol in the setting of
chronic inflammation has garnered significant
attention in recent years. HDL cholesterol is a
key anti-inflammatory molecule credited with
potent cardioprotective effects [23]. The antiatherogenic effects of HDL cholesterol are largely
attributed to its role in reverse cholesterol transport, but HDL cholesterol is composed of a complex array of HDL particles, which vary substantially in size and function between individuals
[29]. Traditionally, HDL cholesterol levels are

288

measured in serum and considered a single
entity, but emerging evidence suggests that
higher HDL cholesterol concentration is not universally protective against cardiovascular
events [30].
Indeed, proatherogenic HDL cholesterol has
been described in both mouse and human studies, and has been proposed to occur in settings
of chronic systemic inflammation, resulting in
proinflammatory HDL particles and reduced
cholesterol efflux [20]. A similar chronic inflammatory environment is observed in psoriasis
[26] and postulated to contribute to the increased incidence of aortic inflammation,
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Table 2. Unadjusted associations with thoracic aorta vascular inflammation.
Variables
Age
Male
Body Mass Index
hs-CRP
Serum Triglycerides (mg/dl)
Serum Total Cholesterol (mg/dl)
Serum LDL Cholesterol (mg/dl)
Serum HDL Cholesterol (mg/dl)
LDL particle concentration (mmol/l)
Large LDL particle concentration (nmol/l)
Small LDL particle concentration (nmol/l)
LDL size (nm)
HDL particle concentration (µmol/l)
Large HDL particle concentration (µmol/l)
Small HDL particle concentration (µmol/l)
HDL size (nm)

Spearman’s correlation coefficient (ρ) on Thoracic
Aorta Inflammation, TBR*
n = 439 aortic slices
-0.49
0.36
0.12
-0.20
0.23
0.35
0.40
-0.42
0.43
0.04
0.23
-0.12
-0.16
-0.59
0.24
-0.64

P-value
<0.001
<0.001
0.014
0.40
<0.001
<0.001
<0.001
<0.001
<0.001
0.40
<0.001
0.01
<0.001
<0.001
<0.001
<0.001

*TBR- Tissue to background ratio.

stroke, and myocardial infarction seen in this
patient population [12-14]. Specifically, the
chronic activation of Th-1/17 pathways in psoriasis in thought to be a major driver for cardiovascular risk and serves as a model for studying
the relationship between inflammation and
atherogenesis [26].
Using FDG PET/CT to measure in vivo vascular
inflammation as a surrogate for vascular disease [2, 31], we demonstrate in this study that
abnormalities in lipoprotein particle size and
number, namely decreased concentration of
total HDL particles and large HDL particles and
increased concentration of small LDL and HDL
particles, are associated with aortic inflammation in patients with psoriasis. Among these, the
association of total HDL particle concentration
and small HDL particles with vascular inflammation remained robust after multivariate analysis
adjusting for traditional cardiovascular risk factors, including age, gender, blood pressure, and
LDL and HDL cholesterol. This suggests that
cellular dysfunction associated with the pathogenesis of psoriasis via T-cells, macrophages
and dendritic cells may contribute to the accelerated vascular diseases observed in psoriasis.
While epidemiology studies measuring HDL particle profiles remain limited, these findings are
consistent with existing studies linking HDL particle abnormalities with cardiovascular disease.
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Small HDL particles are associated with increased coronary atherosclerosis [32] while
combined niacin and statin therapy [33] promotes an increase in both total HDL particle
concentration and HDL particle size. Studies
that have examined cardiovascular outcomes
further suggest a role for HDL particle measurements in cardiovascular risk prediction. The
Veterans Affairs High-Density Lipoprotein Intervention Trial substudy was the first major prospective study to investigate the role of HDL
particles in coronary artery disease, finding that
total HDL particle concentration was associated
with new coronary artery disease events independent of traditional cardiovascular risk factors [34]. Similar results were reported by the
EPIC (European Prospective Investigation into
Cancer and Nutrition)-Norfolk study, which
found that patients with higher total HDL particle concentration and larger HDL particle size
had lower risk of first coronary artery event after
adjustment for traditional cardiovascular risk
factors [23], findings concordant with our observation that large HDL particles were associated
with lower vascular inflammation within the
aorta.
Taken together, the results seen in this body of
literature suggest that concentration and size of
HDL particles may have unique effects on
atherogenesis, though the mechanism remains
unknown. In this pilot study, we set out to de-
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scribe the association of HDL particle concentration and size with in vivo vascular inflammation using a novel application of FDG-PET/CT.
Our results demonstrate that FDG-PET/CT can
be used to describe the effects of HDL particle
concentration and size on vascular inflammation in the setting of chronic inflammation. In
particular, we found that higher concentrations
of total HDL particles and larger HDL size are
associated with lower levels of aortic inflammation, suggesting that greater concentrations of
HDL particles, and large HDL particles in particular, convey greater anti-inflammatory capacity, while the converse may true for small HDL
particles [29]. Overall, these findings suggest
that variations in HDL particle concentration
and size correlate with the degree of aortic vascular inflammation in patients with psoriasis,
and may provide potential mechanistic insight
linking psoriasis and cardiovascular disease.
Several limitations of this study are important to
consider. First, this study is cross sectional, and
therefore unable to test causal relationships.
Additionally, while Th-1 activation in psoriasis
shares many pathways with atherogenesis, inflammation observed in psoriasis may not be
generalizable to other populations. We found
that age was inversely correlated with vascular
inflammation in univariate analysis, a result that
may reflect the narrow age range in the study
sample as our prior study noted an increase in
vascular inflammation with aging [4]. Furthermore, in multivariate analysis, increasing age
demonstrated a strong correlation with vascular
inflammation after inclusion of other cardiovascular risk factors such as gender, BMI, and
dyslipidemia, all of which demonstrated expected relationships with aortic inflammation. In
addition, while our study is similar in size to
other prospective FDG PET/CT studies, additional studies are certainly needed to replicate
and extend our findings in a larger population.
Nonetheless, this proof-of-concept study demonstrates that subtle variations in vascular inflammation can be captured by FDG PET/CT
which can then be used to study novel relationships between vascular inflammation and
emerging risk factors. Future studies examining
exposure to psoriasis in either a case-control or
prospective cohort study will be necessary to
elucidate the mechanistic role of psoriasis in
HDL dysfunction and atherogenesis.
In conclusion, among patients with severe psoriasis, vascular inflammation of the thoracic
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aorta assessed by FDG PET/CT was inversely
associated with large HDL particle concentration and HDL particle size, and independently
associated with total HDL and small HDL particle concentrations. Our findings suggest that
HDL particle size may reveal underlying differences in the composition and function of HDL,
and correlate with vascular inflammation in psoriasis. Future studies are needed to replicate
these findings in a larger population, to examine
if vascular inflammation measured by FDG-PET/
CT correlate with HDL lipoprotein particle characteristics over time, and to investigate the
mechanistic effect, if any, of chronic psoriasis
on HDL function and vascular inflammation.
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