American Journal of Preventive Cardiology 8 (2021) 100231

Contents lists available at ScienceDirect e A a2

American Journal of Preventive Cardiology

journal homepage: www.journals.elsevier.com/the-american-journal-of-preventive-cardiology

Abdominal subcutaneous adipose tissue negatively associates with )
subclinical coronary artery disease in men with psoriasis e

Meron Teklu?, Wunan Zhou?, Promita Kapoor? Nidhi Patel? Martin P Playford?,

Alexander V Sorokin?, Amit K Dey?, Heather L Teague? Grigory A Manyak? Justin A Rodante?,
Andrew Keel? Marcus Y Chen?, David A Bluemke®, Amit V Khera¢, Nehal N Mehta®*

2 National Heart, Lung, and Blood Institute, National Institutes of Health, Bethesda, MD, USA

b Department of Radiology, University of Wisconsin School of Medicine and Public Health, Madison, WI, USA
¢ Center for Genomic Medicine, Department of Medicine, Massachusetts General Hospital, Boston, MA, USA

GRAPHICAL ABSTRACT

Abdominal subcutaneous adipose tissue volume adjusted for body mass index

Women with psoriasis

Men with psoriasis

Negative relationship with
noncalcified and lipid-rich
necrotic core burden

Neutral relationship with
noncalcified and lipid-rich
necrotic core burden

Subcutancous adipose tissuc

ARTICLE INFO ABSTRACT
Keywords: Objective: Understand the relationship between abdominal subcutaneous adipose tissue (ASAT) and coronary
Abdominal obesity atherosclerosis defined as noncalcified and lipid-rich necrotic core burden in psoriasis.

Cardiovascular disease

Methods: We performed a cross-sectional study of 232 participants (92 women) with psoriasis and without
Inflammation

known cardiovascular disease. Participants underwent coronary computed tomography angiography to charac-
terize coronary atherosclerosis burden and low dose abdominal computed tomography to quantify subcutaneous
and visceral adipose tissue. Fat depot volumes were first adjusted for each participant’s BMI (ASAT, gigr)-
Results: In women, there was a positive correlation between ASAT, 4z and systemic inflammation as assessed by
hs-C-reactive protein (r=0.30; p=.004) and GlycA (r=0.29; p=.007) as well as total cholesterol (r=0.24; p=.02)
and low-density lipoprotein cholesterol (r=0.22; p=.04). In men, ASAT, g5\ correlated with hs-C-reactive protein
(r=0.18; p=.04) and insulin resistance (r=0.17; p=.04). In models fully adjusted for traditional cardiovascular
risk factors, ASAT, gy negatively associated with noncalcified and lipid-rich necrotic core burden in men (=
-0.17; p=.03, = -0.20; p=.03, respectively), but not women (f= -0.06; p=.57, = 0.09; p=.49, respectively) with
psoriasis.

Conclusions: For a given BMI, ASAT negatively associated with coronary atherosclerosis burden in male par-
ticipants with psoriasis. The observed sex-specific effects warrant further study of ASAT in states of chronic
inflammation.

1. Introduction subcutaneous adipose tissue (SAT), especially in the gluteo-femoral re-
gion, has been shown to have a protective effect [2-4]. This may be in

Body fat distribution plays an important role in risk of cardiovascu- part due to SAT’s ability to act as a metabolic sink by providing a reser-

lar disease [1]. While ectopic fat depots such as visceral, hepatic and voir for excess energy storage [5]. The inability of this beneficial fat
epicardial adipose tissue have adverse cardiometabolic consequences, subtype to expand may lead to deposition of fat in metabolically unfa-
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336 consecutive participants with psoriasis and without known cardiovascular
disease recruited from January 1, 2013 through August 11, 2020 as part of an
ongoing longitudinal cohort study

63 without abdominal CT results due to
unavailability of scanners during visit or
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Fig. 1. Recruitment Scheme. CCTA; Coronary computed tomography

angiography. CT; computed tomography.

uninterpretable scans

273 with abdominal subcutaneous
and visceral adipose tissue quantified

A 4

v

232 (696 arteries) with CCTA results

burden

41 without CCTA results to quantify
total, noncalcified and dense-calcified

for total, noncalcified and dense-
calcified coronary burden

\ v

o| 14 without CCTA results to quantify
lipid-rich necrotic core burden

218 (654 arteries) with CCTA results
for lipid-rich necrotic core coronary
burden

|
¥ ¥

vorable locations [6]. While the protective effect of gluteo-femoral SAT
has been well studied, the role of abdominal subcutaneous adipose tis-
sue (ASAT), especially as it relates to coronary atherosclerosis burden,
is less explored. This is especially pertinent because of the clinical focus
on abdominal adiposity, which in itself is a heterogeneous entity.

Increased abdominal adiposity has been associated with metabolic
syndrome and incident cardiovascular events [7,8]. However, abdom-
inal visceral adipose tissue has been postulated to be the main driver
of these adverse consequences [9,10]. ASAT has fewer metabolic conse-
quences than visceral fat and increasing ASAT has not been consistently
associated with increasing cardiovascular risk factors [11,12]. Previous
studies have reported lower arterial calcification and coronary plaque
scores in those with higher ASAT [13-15]. However, there are limited
data on whether ASAT may have a protective role in high-risk coronary
atherosclerosis subtypes such as noncalcified and lipid-rich necrotic core
burden.

Psoriasis is a chronic inflammatory condition associated with an in-
creased risk of obesity and myocardial infarction than the general pop-
ulation [16,17]. Psoriasis and obesity are intimately linked through
shared inflammatory pathways [18-20]. Obesity itself is a state of
chronic low grade inflammation and adipocytes secrete proinflamma-
tory mediators such as IL-6 and TNF-alpha which are major compo-
nents of the pathophysiology of psoriasis [18,19]. The interaction be-
tween psoriasis and obesity makes this chronic inflammatory condition
an interesting state to study the effects of fat depots on cardiovascular
disease.

Coronary computed tomography angiography (CCTA) allows for
non-invasive assessment of atherosclerosis burden and characterization
of coronary phenotypes beyond luminal stenosis [21]. The differentia-
tion of coronary atherosclerosis allows for identification of particularly
high-risk phenotypes such as noncalcified and lipid-rich necrotic core
burden [22-24]. Furthermore, CCTA derived factors such as noncalci-
fied coronary burden not only associate with metabolic dysfunction in

psoriasis, but may be modifiable with statin and biologic therapies [25-
271].

We therefore conducted a cross-sectional study of well-characterized
participants with psoriasis and no known clinical cardiovascular disease
to better understand the role ASAT may play in coronary atheroscle-
rosis defined as noncalcified and lipid-rich necrotic core burden. In a
sex stratified manner, we aimed to 1) elucidate the association between
ASAT and cardiovascular risk factors in psoriasis, and 2) understand
the relationship between ASAT and coronary atherosclerosis burden in
participants with psoriasis.

2. Methods
2.1. Study participants

The study consisted of 336 consecutive participants with psoriasis
18 years or older recruited from January 1, 2013 through August 11,
2020, of whom 232 had CCTA results for coronary atherosclerosis bur-
den characterization and low dose abdominal CT results for characteri-
zation of ASAT. All 232 participants had total, noncalcified and dense-
calcified burden characterized and 218 had lipid-rich necrotic core bur-
den characterized (Figure 1). Psoriasis was diagnosed by a certified der-
matologist based on typical skin findings and systemic disease of the
joints, nails, and hair. Exclusion criteria were an estimated glomerular
filtration rate <30 mL/min/1.73 m2, known current cardiovascular dis-
ease and conditions that increase systemic inflammation such as internal
solid or liquid malignancy within the past 5 years, human immunodefi-
ciency virus infection, any active infection 72 hours prior, major surgery
within the previous 3 months, current pregnancy or lactation. The study
protocol was approved by the institutional review board of the National
Institutes of Health.
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2.2. Clinical and laboratory measurements

Psoriasis skin burden was determined with the Psoriasis Area Sever-
ity Index (PASI) score. Biologic agents included TNF, IL-12/IL-23, and
IL-17 inhibitors. Metabolic syndrome was defined according to the har-
monized International Diabetes Federation criteria. Fasting glucose,
insulin, lipids and inflammatory markers were measured. Insulin re-
sistance was assessed by the Homeostatic Model Assessment for In-
sulin Resistance (HOMA-IR) calculated as (fasting glucose X fasting in-
sulin)/405.

2.3. Coronary atherosclerosis burden characterization by CCTA

Participants underwent CCTA in the same scanner (320-detector row
Aquilion ONE ViSION). Guidelines established by the National Institutes
of Health Radiation Exposure Committee were followed. Scans were per-
formed with retrospective gating at 120 kV, tube current of 750-850 mA
and a gantry rotation time of <420 milliseconds. Noncalcified and dense
calcified burden across the main coronary arteries >2 mm diameter
were analyzed using QAngio CT (Medis, The Netherlands) with high ICC
(>0.95). Clear deviations of the software’s automatic contouring of lu-
men and outer wall segmentation were edited manually. Atherosclerosis
volume was calculated as artery volume-lumen volume and atheroscle-
rosis burden as sum of all atherosclerosis volumes/vessel length. Total,
noncalcified and dense calcified burden were adjusted for mean lumen
intensity. Maximum lipid rich necrotic core area was quantified for the
three major coronary arteries with commercially available plaque quan-
tification software (vascuCAP, Elucid Bioimaging Inc, Boston, MA) as
previously described and did not require adjustment for mean lumen
intensity [28].

2.4. Abdominal adipose tissue quantification

Participants underwent low dose CT scans to quantify visceral and
subcutaneous adipose tissue volumes (cc). 100 transverse slices (50-150)
from the caudal end of the sternum to the cranial end of the pubic sym-
physis were interpreted utilizing an automated software with a contour
model algorithm. Visceral adipose tissue was defined as adipose tissue
within the internal contour surrounding the abdominal cavity and sub-
cutaneous adiposity as adipose tissue found between the internal and
external contour of the body. Slice adipose tissue volumes were aver-
aged. Errors in configuration were screened and manually corrected by
trained research fellows with high ICC (0.98).

2.5. Statistical analysis

Values are reported as mean (standard deviation) for parametric
variables, median (interquartile range) for non-parametric variables,
and n (%) for categorical variables. Statistical significance was assessed
by Student’s t-test for parametric variables, Wilcoxon rank-sum test for
nonparametric variables, and Pearson’s y2 test for categorical variables.
Pearson correlations were performed. Abdominal subcutaneous and vis-
ceral adipose tissue volumes were first adjusted for body mass index
(BMI) in a sex stratified manner. This was done by performing sex strat-
ified linear regressions between abdominal adipose tissue markers and
BMI, and the residual values were used for analyses. The residualized
values were obtained by subtracting the observed values from the pre-
dicted values in the linear models. These BMI residualized values are
henceforth referred to as “BMI adjusted” or “ASAT,gjpy; - Scatter plots
and adjusted R? were used to check for fit of linear models. Adjusted
covariates were based on clinical importance and included age, smok-
ing status, low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, triglycerides, diabetes status, systolic blood pressure, dias-
tolic blood pressure, hypertension treatment, lipid-lowering therapy, bi-
ologic therapy, high-sensitivity c-reactive protein (hs-CRP), and BMI ad-
justed visceral adipose tissue volume. Missing data were excluded from
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analyses. Standardized betas were reported for linear regression analy-
ses. P<.05 was considered significant. All analyses were performed with
StatalC 16 (Stata Corp., College Station, TX, USA).

3. Results
3.1. Comparison of participants included and excluded from analyses

Of the 336 participants initially enrolled in the study, 232 met crite-
ria for inclusion. Those included did not significantly differ from those
excluded in age (50 (13 years) vs 49 (13 years); p=.42), sex (40% women
vs 38% women; p=.71), BMI (28.8 (25.2-32.9 kg/m?) vs 27.9 (24.6-32.3
kg/m?); p=.33) or percentage of participants with hypertension (29%
vs 33%; p=.41), hyperlipidemia (41% vs 38%; p=.64), diabetes (8% vs
13%; p=.15) or use of lipid lowering therapy (29% vs 28%; p=.73).

3.2. Clinical characteristics of the cohort stratified by sex

Characteristics of the cohort stratified by sex are presented in
Table 1. The women and men were similar in age and comorbidities
such as hypertension, diabetes and hyperlipidemia. The men had higher
10-year Atherosclerotic Cardiovascular Disease risk scores (7.1 (6.1 %)
vs 4.3 (4.1 %); p=.001) and fasting glucose levels (99 (92-105 mg/dL)
vs 94 (87-103 mg/dL); p=.005). Psoriasis severity assessed by the PASI
score, disease duration and biologic therapy did not significantly dif-
fer by sex. The men had lower total cholesterol levels (176 (157-197
mg/dL) vs 194 (161-220 mg/dL); p=.008) and lower HDL levels (50
(42-59 mg/dL) vs 62 (50-77 mg/dL); p<.001). Coronary atherosclerosis
burden was higher in men for both noncalcified (1.3 (0.47 mm?) vs 0.96
(0.38 mm?); p<.001) and lipid-rich necrotic core (3.6 (2.6-5.1 mm?) vs
3.1 (2.2-4.0 mm?2); p=.002) burden.

3.3. Measures of adiposity stratified by sex

While BMI did not differ by sex, the men had higher waist circumfer-
ences (102 (93-111 c¢cm) vs 89 (80-103 cm); p<.001), waist-to-hip ratios
(0.99 (0.94-1.0) vs 0.90 (0.85-0.94); p<.001) and unadjusted visceral
adipose tissue volumes (18798 (9048 cc) vs 10543 (6985 cc); p<.001).
However, the men had lower unadjusted subcutaneous adipose tissue
volumes (17018 (9965 cc) vs 22717 (12228 cc); p<.001).

3.4. Sex stratified correlations between ASAT yqippy and cardiovascular
risk factors

Correlations between ASAT,gjpy; and cardiovascular risk factors are
presented in Table 2. In women, ASAT,gjgy; positively correlated with
hs-CRP (r= 0.30; p=.004), GlycA (r= 0.29; p=.007), total cholesterol (r=
0.24; p=.02) and LDL cholesterol (r=0.22; p=.04). In men, there was a
weaker relationship compared to women with hs-CRP (r=0.18; p=.04)
and a positive relationship with insulin resistance (r=0.17; p=.04) as-
sessed by HOMA-IR. In both sexes, there was a mild nonsignificant
negative correlation with diastolic blood pressure (r= -0.18; p=.09 for
women and r= -0.10; p=.23 for men). While the raw ASAT volume pos-
itively correlated with the raw visceral adipose tissue volume in women
(r=0.67; p<.001) and men (r=0.59; p<.001), ASAT,gjg\y did not signif-
icantly correlate with BMI adjusted visceral adipose tissue volume in
women (r=0.10; p=.37), but negatively correlated with this fat depot in
men (r= -0.18; p=.04).

3.5. Association between ASAT yqipyy; and coronary atherosclerosis burden
stratified by sex

Sex stratified associations between ASAT,ggy; and coronary
atherosclerosis burden are presented in Table 3. The standard devi-
ation for ASAT, gy Was 6260 cc for women and 5175 cc for men.
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Table 1

Characteristics of the cohort stratified by sex
Parameter Women Men P value
Clinical Characteristics n=92 n=140
Age, years 49 (149) 51 (12) 0.44
Current smoker, n 15 (16) 12 (9) 0.07
Hypertension, n 29 (32) 38 (27) 0.47
Diabetes, n 9 (10) 9 (6) 0.35
Hyperlipidemia, n 33 (36) 62 (44) 0.20
Lipid-lowering medication, n 15 (16) 53 (38) <0.001
Hypertension treatment, n 23 (25) 30 (21) 0.53
Diabetes treatment, n 8(9) 7 (5) 0.26
Metabolic syndrome, n 24 (28) 47 (34) 0.33
10-year ASCVD risk, % 4.3 (4.1) 7.1(6.1) 0.001
Systolic blood pressure, mm Hg 122 (112-129) 123 (113-132) 0.51
Diastolic blood pressure, mm Hg 71 (66-77) 73 (67-79) 0.10
hsC-reactive protein, mg/L 2.2 (0.90-5.0) 1.6 (0.70-3.1) 0.04
GlycA, ymol/L 413 (76.2) 403 (66.3) 0.30
Glucose, mg/dL 94 (87-103) 99 (92-105) 0.005
Insulin, mcU/ml 11 (7.2-16) 11 (7.0-19) 0.42
HOMA-IR 2.5(1.6-4.3) 2.7 (1.6-4.7) 0.35
Measures of Adiposity
Body mass index, kg/m? 28.6 (24.4-33.2) 28.8 (25.6-32.6) 0.51
Waist circumference, cm 89 (80-103) 102 (93-111) <0.001
Waist-to-hip ratio 0.90 (0.85-0.94) 0.99 (0.94-1.0) <0.001
Total adipose tissue, cc 33260 (17679) 35816 (16940) 0.27
Subcutaneous adipose tissue, cc 22717 (12228) 17018 (9965) <0.001
Visceral adipose tissue, cc 10543 (6985) 18798 (9048) <0.001
Psoriasis Characteristics
PASI score 5.4 (2.7-7.7) 6.4 (3-11.9) 0.07
Disease duration, years 19 (14) 20 (13) 0.77
Biologic treatment, n 34 (37) 36 (26) 0.07
Lipid Profile
Total cholesterol, mg/dL 194 (161-220) 176 (157-197) 0.008
LDL cholesterol, mg/dL 105 (85-128) 102 (84-120) 0.47
HDL cholesterol, mg/dL 62 (50-77) 50 (42-59) <0.001
Triglycerides, mg/dL 104 (70-137) 98 (75-147) 0.60
Coronary Characteristics
Total burden, mm? (x100) 1.0 (0.36) 1.4 (0.50) <0.001
Noncalcified burden, mm? (x100) 0.96 (0.38) 1.3 (0.47) <0.001
Dense-calcified burden, mm? (x100) 0.05 (0.05) 0.06 (0.10) 0.20
Lipid rich necrotic core, mm? 3.1 (2.2-4.0) 3.6 (2.6-5.1) 0.002

Values reported as mean (SD) for parametric variables, median (IQR) for non-parametric continuous variables, and n (%) for categorical
variables. ASCVD; Atherosclerotic Cardiovascular Disease. HOMA-IR; homeostatic model assessment for insulin resistance. PASI; psoriasis

area severity index. LDL; low-density lipoprotein. HDL; high-density lipoprotein.

Table 2

Associations between ASAT,qpy; and cardiovascular risk parameters

stratified by sex

Women N=92 Men N=140
Parameter r PValue r P Value
10-year ASCVD risk, % 0.06 0.66 0.04 0.65
Systolic blood pressure, mm Hg -0.03  0.77 -0.02  0.79
Diastolic blood pressure, mm Hg -0.18 0.09 -0.10 0.23
hsC-reactive protein, mg/L 0.30 0.004 0.18 0.04
GlycA, umol/L 0.29 0.007 0.04 0.61
Glucose, mg/dL 0.06 0.56 0.11 0.20
Insulin, mcU/ml 0.01 0.91 0.15 0.07
HOMA-IR -0.02 0.86 0.17 0.04
Total cholesterol, mg/dL 0.24 0.02 -0.05  0.58
LDL cholesterol, mg/dL 0.22 0.04 -0.06 0.49
HDL cholesterol, mg/dL 0.12 0.27 -0.04 0.63
Triglycerides, mg/dL 0.03 0.74 0.04 0.65
VAT, gigw 0.10 0.37 -0.18  0.04

Pearson correlation between body mass index adjusted subcutaneous
adipose tissue volume and traditional cardiovascular risk factors.
ASAT,gjpvi; @bdominal subcutaneous adipose tissue adjusted for body
mass index. ASCVD; Atherosclerotic Cardiovascular Disease. HOMA-IR;
homeostatic model assessment for insulin resistance. LDL; low density
lipoprotein. HDL; high density lipoprotein. VAT, qjpy;; visceral adipose
tissue volume adjusted for body mass index.

In the women with psoriasis, there was no significant relationship be-
tween ASAT,q;pvi and noncalcified or lipid-rich necrotic core burden in
models that were unadjusted (=0.04; p=.72, $=0.04; p=.69, respec-
tively), adjusted for traditional risk factors encompassed by age, smok-
ing status, low-density lipoprotein cholesterol, high-density lipoprotein
cholesterol, triglycerides, diabetes status, systolic blood pressure, dias-
tolic blood pressure, hypertension treatment, lipid-lowering therapy, bi-
ologic therapy, and high-sensitivity c-reactive protein (= -0.06; p=.57,
$=0.09; p=.49, respectively), or adjusted for traditional risk factors plus
BMI adjusted visceral adipose tissue volume (= -0.06; p=.56, =0.09;
p=.48, respectively). However, in the men, there was a negative associ-
ation between ASAT,gipy; and noncalcified and lipid-rich necrotic core
burden (= -0.18; p=.04, = -0.22; p=.01, respectively). These negative
relationships persisted after adjusting for traditional cardiovascular risk
factors (f= -0.17; p=.03, = -0.20; p=.03, respectively) and BMI ad-
justed visceral adipose tissue volume (= -0.17; p=.03, = -0.20; p=.03,
respectively). These relationships were similar for total burden, which
is the sum of all atherosclerosis subtypes, though it did not meet signif-
icance for the men or women of the cohort.

4. Discussion

In this cross-sectional study, we showed differential association of
ASAT,gjpvy With traditional cardiovascular risk factors in men and
women with psoriasis. In men, higher ASAT, gy correlated posi-
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Table 3
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Sex stratified associations between ASAT,4j5\; and coronary atherosclerosis burden

Noncalcified burden

Lipid-rich necrotic core burden

Women Men Women Men

Stand. f P Value Stand. P Value Stand. g P Value Stand. f P Value
Unadjusted 0.04 0.72 -0.18 0.04 0.04 0.69 -0.22 0.01
Model 1 -0.06 0.57 -0.17 0.03 0.09 0.49 -0.20 0.03
Model 1 + VAT, 4pw -0.06 0.56 -0.17 0.03 0.09 0.48 -0.20 0.03

Standard deviations for interpreting standardized betas are as follows: ASAT,gjpy;;6260 cc for women and
5175 cc for men; Noncalcified burden; 0.38 for women and 0.47 for men; lipid-rich necrotic core; 1.9 for
women and 2.4 for men. Model 1: Adjusted for age, smoking status, low-density lipoprotein cholesterol,
high-density lipoprotein cholesterol, triglycerides, diabetes status, systolic blood pressure, diastolic blood
pressure, hypertension treatment, lipid-lowering therapy, biologic therapy, high-sensitivity c-reactive protein.
ASAT,4;pvi; abdominal subcutaneous adipose tissue adjusted for body mass index. VAT, gigy;; visceral adipose

tissue adjusted for body mass index.

tively with insulin resistance and negatively with BMI adjusted visceral
adipose tissue volume while women had a stronger positive correla-
tion with markers of systemic inflammation, total cholesterol and LDL
cholesterol. This SAT volume negatively associated with non-calcified
and lipid-rich necrotic core coronary burden independent of traditional
cardiovascular risk factors, systemic inflammation and BMI adjusted
visceral adipose tissue volume in men, but not women, with psoriasis.
Taken together, these findings suggest a possible atheroprotective effect
of ASAT volume for a given BMI in men with psoriasis. Furthermore,
they contribute to the body of literature establishing adipose tissue as
a heterogenous entity and highlight the need for further work elucidat-
ing the role of abdominal subcutaneous adipose tissue in cardiovascular
disease risk.

Psoriasis affects about 1-9% of the population based on geographi-
cal location and is associated with an increased risk of cardiovascular
disease [17,29]. Obesity may be a risk factor for psoriasis and psoria-
sis may promote obesity [30-32]. Psoriasis and obesity share inflam-
matory pathways related to T helper cells, TNFa, and IL-6, and the
adipokines leptin and resistin have consistently been shown to be el-
evated in patients with psoriasis [18,19,33,34]. Thus, understanding
the effects of fat depots in patients with psoriasis is of particular im-
portance. While increased abdominal adiposity has generally been as-
sociated with adverse cardiovascular outcomes, non-invasive imaging
modalities have allowed differentiation of this depot into visceral and
subcutaneous compartments [7]. Visceral adipose tissue associates with
metabolic dysfunction and atherosclerosis both in the general popula-
tion and psoriasis [15,25,35]. The role of ASAT, especially as it relates to
coronary atherosclerosis burden characteristics is less explored. Previ-
ous studies have shown that ASAT may not associate or associate nega-
tively with cardiovascular risk factors [11,12]. ASAT may also associate
with lower arterial calcification and plaque scores, however, the rela-
tionship between ASAT and high-risk coronary atherosclerosis burden
requires further study [13,14]. Here, we show that for a given BMI,
higher ASAT negatively associated with coronary atherosclerosis de-
fined as noncalcified and lipid-rich necrotic core burden in a sex specific
manner. Noncalcified, lipid-rich plaques are more rupture prone and
important harbingers of future coronary artery disease events, making
them important phenotypes for preventative measures [22,24]. Further-
more, in states of chronic inflammation such as psoriasis, cardiovascular
disease risk is accelerated and traditional risk factors such as age pro-
vide poorer assessment of risk. Therefore, quantification of coronary
atherosclerosis burden can be especially vital [17,36].

One proposed mechanism for the protective effect of SAT is its ability
to act as a metabolic sink and therefore a physiologic storage space in
states of excess energy [5]. A decrease in this reservoir is hypothesized
to play a role in formation of ectopic fat depots such as visceral adipose
tissue [6]. States of lipodystrophy, in which SAT depots are depleted
and adipose tissue accumulates in foreign regions, strengthen this hy-
pothesis [37]. Mouse studies involving intra-abdominal transplantation

of SAT have shown improvement in glucose tolerance [38]. One mecha-
nism for the improved insulin sensitivity seen on thiazolidinediones may
be their ability to specifically increase SAT volume [39,40]. Our work
adds to this body of literature supporting SAT as a protective marker
by uniquely demonstrating a possible protective role of ASAT on coro-
nary atherosclerosis burden in a high-risk population in a sex dependent
manner. In our cohort, ASAT had a stronger positive relationship with
systemic inflammation,total cholesterol and LDL cholesterol in women
accompanied by no significant relationship with coronary atherosclero-
sis burden. On the other hand, men’s ASAT positively associated with
insulin resistance and negatively associated with BMI adjusted visceral
adipose tissue volume and coronary atherosclerosis burden. These find-
ings suggest possible differential effects of ASAT by sex in this chron-
ically inflamed population. While the observational nature and small
sample size of this study do not allow for establishing a mechanism for
the observed sex differences in the association between ASAT,gjgy; and
high-risk coronary atherosclerosis burden, the differential associations
seen with cardiovascular risk factors by sex may serve as a possible ex-
planation and should be explored further. Notably, the negative associ-
ation seen between ASAT,gjgy; and BMI adjusted visceral adipose tissue
volume uniquely in the men of this cohort may point to sex differences
in the interplay between ASAT and visceral adipose tissue. Though the
exact mechanism is not yet established, previous studies have also re-
ported sex differences in the impact of SAT on cardiovascular risk factors
[3,12]. Furthermore, there are reported differences in cellularity, gene
expression, innervation and hormonal effects of SAT between men and
women [41-44]. Though not quantified in this study, differentiation of
ASAT into deep and superficial depots may clarify these results, as deep
ASAT may behave similarly to visceral adipose tissue [45,46]. Future
studies assessing the histological and genetic features of ASAT stratified
by sex in psoriasis are warranted.

The main limitations of this study include its small sample size, small
effect size, and observational nature which makes causality and direc-
tionality difficult to establish. Furthermore, we do not differentiate be-
tween deep and superficial ASAT and further work assessing if the pro-
tective effects persist with differentiation of these fat depots is necessary.
In addition, the observed sex differences need elucidation in a larger co-
hort and in studies where ASAT biopsies are performed in chronically
inflamed patients. Finally, these results require validation in larger and
longitudinal studies with cardiovascular events data.

5. Conclusions

In a well phenotyped cohort of participants with psoriasis, we
showed that for a given BMI, higher ASAT volume negatively associ-
ated with coronary atherosclerosis defined as noncalcified and lipid-rich
necrotic core burden in men with psoriasis. These results propose ASAT
as a possible protective marker of coronary atherosclerosis in male pa-
tients with psoriasis, adding to the body of literature proposing adipose
tissue as a heterogeneous entity. In the clinical setting, our findings high-



M. Teklu, W. Zhou, P. Kapoor et al.

light the importance of differentiating total adiposity into specific fat de-
pots, which may allow for better understanding of cardiovascular risk.
The observed sex-specific effects warrant further study of ASAT in states
of chronic inflammation.
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