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Background: Psoriasis is associated with a heightened risk of cardiovascular disease and higher
prevalence of metabolic syndrome.
Objective: Investigate the effect of metabolic syndrome and its factors on early coronary artery disease
assessed as noncalcified coronary burden by coronary computed tomography angiography in psoriasis.
Methods: This cross-sectional study consisted of 260 participants with psoriasis and coronary computed
tomography angiography characterization. Metabolic syndrome was defined according to the harmonized
International Diabetes Federation criteria.
Results: Of the 260 participants, 80 had metabolic syndrome (31%). The metabolic syndrome group had a
higher burden of cardiometabolic disease, systemic inflammation, noncalcified coronary burden, and high-
risk coronary plaque. After adjusting for Framingham risk score, lipid-lowering therapy, and biologic use,
metabolic syndrome (b = .31; P\.001) and its individual factors of waist circumference (b = .33; P\.001),
triglyceride levels (b = .17; P = .005), blood pressure (b = .18; P = .005), and fasting glucose (b = .17;
P = .009) were significantly associated with noncalcified coronary burden. After adjusting for all other
metabolic syndrome factors, blood pressure and waist circumference remained significantly associated with
noncalcified coronary burden.
Limitations: Observational nature with limited ability to control for confounders.
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Conclusions: In psoriasis, individuals with metabolic syndrome had more cardiovascular disease risk
factors, systemic inflammation, and noncalcified coronary burden. Efforts to increase metabolic syndrome
awareness in psoriasis should be undertaken to reduce the heightened cardiovascular disease risk. ( J Am
Acad Dermatol 2021;84:1329-38.)

Key words: atherosclerosis; cardiovascular disease; hypertension; metabolic syndrome; obesity; preventive
medicine; psoriasis.
CAPSULE SUMMARY

d Psoriasis is associated with a higher
prevalence of metabolic syndrome and
risk of atherosclerosis.

d Metabolic syndrome and its factors,
particularly hypertension and central
obesity, are important determinants of
noncalcified coronary burden in
psoriasis. Increased awareness of
metabolic syndrome in psoriasis is
important to reduce this heightened
cardiovascular disease risk.
INTRODUCTION
Psoriasis is a chronic, in-

flammatory condition with
important cardiometabolic
consequences.1 Psoriasis af-
fects 2% to 3% of the adult
population and is strongly
associated with increased
risk of cardiovascular disease
and progression of athero-
sclerosis, making it feasible
to study the longitudinal ef-
fects of chronic inflammation
on cardiometabolic health.1,2

The chronic inflammation
observed in psoriasis is asso-
ciated with a heightened

prevalence of cardiovascular risk factors such as
obesity, diabetes, hyperlipidemia, and hypertension,
factors that compose the metabolic syndrome, a
condition that is more prevalent in psoriasis patients
than in the general population.3,4 The International
Diabetes Federation defines metabolic syndrome as
meeting 3 or more of the following criteria: elevated
waist circumference, triglycerides, blood pressure,
and fasting glucose, as well as reduced high-density
lipoprotein cholesterol.5 Indeed, metabolic syn-
drome has independently been associated with
advanced vascular damage, coronary heart disease,
and mortality from all causes in noninflammatory
populations,6-8 partly driven by insulin resistance
and endothelial dysfunction, which are associated
with systemic inflammation.9-12

The interplay between central obesity and chronic
inflammation may drive metabolic syndrome and
other associated factors.13-15 Specifically, excess
visceral adipose tissue, through its ability to alter fatty
acid metabolism and act as an endocrine organ that
releases proinflammatory mediators, has been linked
to and proposed as a causal factor for the metabolic
derangements that encapsulate metabolic syn-
drome.16-19 Excess visceral adipose tissue has been
associated with increased risk of coronary artery dis-
ease in the general population and increased non-
calcified coronary burden in psoriasis patients.20-22

Despite its importance, visceral adipose tissue requires
imaging-based analysis for
quantification and is not an
easily attainable factor in the
clinical setting. It may be
approximated by metabolic
syndrome and its factors;
however, to our knowledge,
this has not yet been studied
in psoriasis.

Coronary computed to-
mography angiography al-
lows noninvasive assessment
of early coronary artery dis-
ease through identification of
plaque composition and char-
acteristics beyond luminal
stenosis.23,24 Noncalcified
plaque serves as an important predictor of future
coronary artery disease events, especially in popula-
tions such as psoriasis patients, for whom traditional
risk factors such as age and Framingham risk score are
poorer predictors of cardiovascular disease.25,26

Additionally, noncalcified coronary burden was
recently found to be associated with cardiometabolic
factors detected by machine learning in psoriasis27

andmay respond to pharmacologic therapy,making it
an attractive target in reducing future cardiovascular
disease events.28,29 To our knowledge, there have
been no studies evaluating the effect of metabolic
syndrome and its factors on early vascular disease
assessed as noncalcified coronary burden in psoriasis.
Thus, in the present study, we aimed to characterize
how metabolic syndrome in psoriasis affects cardio-
metabolic and cardiovascular disease risk factors,
investigate the effect of metabolic syndrome and its
individual factors on noncalcified coronary burden in
psoriasis, and understand how metabolic syndrome
and its factors are associated with directly measured
visceral adipose tissue.
METHODS
Study participants

The study participants were part of the Psoriasis,
Atherosclerosis, and Cardiometabolic Disease
Initiative, an ongoing longitudinal prospective study.
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The study consisted of 336 consecutive participants
with psoriasis who were aged 18 years or older and
were recruited from January 1, 2013, through August
11, 2020, of whom 260 had coronary computed
tomography angiography scans and adequate data
for metabolic syndrome classification. Psoriasis was
diagnosed by a certified dermatologist or rheuma-
tologist according to typical skin findings, as well as
systemic disease of the joints, nails, and hair.
Psoriatic arthritis was diagnosed according to the
Classification for Psoriatic Arthritis criteria by a
certified rheumatologist. Exclusion criteria were an
estimated glomerular filtration rate less than 30 mL/
min/1.73 m2, known current cardiovascular disease,
and conditions that increase systemic inflammation
such as internal solid or liquid malignancy within the
past 5 years, HIV infection, any active infection
72 hours before, 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 and com-
plied with the Declaration of Helsinki.

Metabolic syndrome definition
Metabolic syndrome was defined as meeting 3 or

more of the harmonized International Diabetes
Federation criteria, which include (1) elevated waist
circumference greater than 102 cm for men or greater
than 88 cm for women; (2) triglyceride level greater
than or equal to 150 mg/dL; (3) high-density lipo-
protein C level less than 40 mg/dL for men or less
than 50 mg/dL for women; (4) systolic blood
pressure greater than or equal to 130 mm Hg,
diastolic blood pressure greater than or equal to
85 mmHg, or antihypertensive treatment in a patient
with a history of hypertension; and (5) fasting
glucose level greater than or equal to 100 mg/dL or
drug treatment of elevated glucose level. In accor-
dance with these criteria, all participants were given
a binary metabolic syndrome score. A categorical
score of 0 to 5was also calculated for 239 participants
with data for all 5 criteria available.

Clinical and laboratory measurements
Participants underwent measurements of routine

vital signs, including waist circumference, and gave
detailed histories. Psoriasis skin burden was deter-
mined with the Psoriasis Area Severity Index score.
Systemic treatment included steroids and metho-
trexate, whereas biologic agents included tumor
necrosis factor alpha, interleukin 12/23, and inter-
leukin 17 inhibitors. Measurements of a fasting lipid
panel, blood glucose, and inflammatory markers
were performed. Lipoprotein subclass profiles along
with glycoprotein acetylation (GlycA) were
measured by an automated Vantera clinical nuclear
magnetic resonance analyzer using the LipoProfile-3
algorithm (Labcorp).30 High-density lipoprotein
cholesterol efflux capacity was assessed according
to previously described methods.31
Coronary burden characterization by
coronary computed tomography angiography

All participants underwent coronary computed
tomography angiography in the same scanner (320-
detector row Aquilion ONE ViSION). Guidelines
established by the NIH Radiation Exposure
Committee were followed. Scans were performed
with retrospective gating at 120 kV, tube current of
750 to 850 mA, and a gantry rotation time of less than
or equal to 420 ms. Coronary artery characteristics
across the main coronary arteries greater than 2 mm
were phenotypedwith QAngio CT (Medis) with high
intraclass correlation coefficient ([0.95), using pre-
viously described methods.32 Only clear deviations
of the software’s automatic contouring of lumen and
outer wall segmentation were edited. Total, non-
calcified, and dense calcified coronary artery burden
were calculated by dividing the respective coronary
artery volume by corresponding segment length and
were subsequently adjusted for mean lumen in-
tensity. Further analysis of high-risk plaque was
defined as presence of either positive remodeling
(a calculated index $1.1) or low-attenuation plaque
(\30 Hounsfield units).33
Visceral and subcutaneous adipose tissue
quantification

Participants underwent low-dose CT scans to
quantify total, visceral, and subcutaneous adipose
tissue volume (in cubic centimeters). Transverse
slices (50-150) from the caudal end of the sternum
to the cranial end of the pubic symphysis were
interpreted with an automated software with a con-
tour model algorithm, as previously described.34,35

Visceral adipose tissue was defined as adipose tissue
within the internal contour surrounding the abdom-
inal cavity, and subcutaneous adiposity as adipose
tissue found between the internal and external
contour of the body. Slice adipose tissue volumes
were averaged. Errors in configuration were
screened andmanually corrected by trained research



Table I. Baseline characteristics of the psoriasis cohort stratified by metabolic syndrome

Parameter Entire cohort MetSyn absent MetSyn present P value

Clinical characteristics N = 260 N = 180 N = 80
Age, y 50 (13) 48 (13) 52 (12) .04
Sex, men 161 (62) 108 (60) 53 (66) .34
Waist circumference, cm 97 (87-108) 92 (84-99.5) 110 (103-120) <.001
Current smoker, no. 28 (11) 22 (12) 6 (8) .26
Hypertension, no. 74 (28) 32 (18) 42 (53) <.001
Diabetes, no. 19 (7) 8 (4) 11 (14) .008
Hyperlipidemia, no. 99 (38) 59 (33) 40 (50) .008
Lipid-lowering medication, no. 71 (27) 37 (21) 34 (43) <.001
Hypertension treatment, no. 57 (22) 19 (11) 38 (48) <.001
Diabetes treatment, no. 16 (6) 5 (3) 11 (14) <.001

Psoriasis characteristics
Psoriatic arthritis, no. 83 (32) 57 (32) 26 (33) .89
PASI score 6.2 (3.0-10) 5.6 (3.0-9.0) 6.8 (3.2-13) .07
Disease duration, y 20 (13) 20 (14) 22 (13) .36
Topical treatment, no. 157 (60) 114 (63) 43 (54) .14
Phototherapy, no. 27 (10) 16 (9) 11 (14) .22
Nonbiologic systemic treatment, no. 33 (13) 20 (12) 13 (17) .28
Biologic treatment, no. 74 (28) 47 (26) 27 (34) .21

Clinical and laboratory values
Systolic blood pressure, mm Hg 122 (113-130) 121 (112-128) 127 (114-137) .02
Diastolic blood pressure, mm Hg 72 (67-78) 71 (67-77) 74 (67-83) .06
hsC-reactive protein, mg/L 1.7 (0.80-3.6) 1.4 (0.70-3.1) 2.4 (0.90-4.6) .02
GlycA, �mol/L 396 (352-446) 383 (344-444) 414 (370-450) .005
HOMA-IR 2.6 (1.6-4.3) 2.0 (1.3-3.0) 4.8 (3.5-7.9) <.001
Framingham risk score 2.0 (0.50-5.5) 1.5 (0.38-4.9) 4.0 (1.1-8.9) <.001
Total adipose tissue, cc 34,384 (17,055) 28,560 (14,950) 47,099 (14,287) <.001
Subcutaneous adipose tissue, cc 18,927 (10,969) 16,255 (10,376) 24,760 (9977) <.001
Visceral adipose tissue, cc 15,457 (9266) 12,305 (7931) 22,339 (8219) <.001

Lipid and lipoprotein profile
Total cholesterol, mg/dL 181 (158-205) 182 (160-206) 181 (156-204) .88
LDL cholesterol, mg/dL 102 (84-121) 104 (84.5-121) 99 (84-120) .85
HDL cholesterol, mg/dL 52 (44-65) 58 (49-70) 44 (37-51) <.001
Triglycerides, mg/dL 97 (70-141) 88 (65-116) 148 (100-201) <.001
LDL particle number 1160 (891-1469) 1099 (861-1415) 1323 (1005-1592) .001
HDL particle number 34.0 (30.5-38.7) 34.3 (31.0-39.6) 33.0 (29.6-37.0) .08
VLDL particle number 42.4 (24.0-61.9) 39.8 (21.3-56.7) 48.6 (30.5-74.6) .003
Small VLDL particle number 21.3 (12.2-33.0) 22.8 (13.9-34.7) 20.2 (8.40-26.9) .01
Medium VLDL particle number 14.6 (5.75-26.3) 11.4 (4.10-22.6) 21.6 (9.10-42.6) <.001
Large VLDL particle number 2.5 (1.2-5.0) 1.9 (0.90-3.3) 5.8 (3.0-12) <.001
HDL cholesterol efflux capacity 0.95 (0.86-1.1) 0.98 (0.88-1.1) 0.91 (0.83-1.0) .002

Coronary characteristics
Presence of plaque, no. 87 (45) 51 (38) 36 (58) .01
Presence of high-risk plaque, no. 40 (20) 21 (15) 19 (30) .02
Total coronary burden, mm2 ( 3 100) 1.2 (0.48) 1.1 (0.40) 1.5 (0.57) <.001
Noncalcified coronary burden,
mm2 ( 3 100)

1.2 (0.46) 1.1 (0.37) 1.4 (0.56) <.001

Dense-calcified coronary burden,
mm2 ( 3 100)

0.058 (0.12) 0.062 (0.13) 0.048 (0.079) .39

Values are reported as mean (standard deviation) for parametric variables, median (interquartile range) for nonparametric continuous

variables, and No. (%) for categorical variables. Coronary burden is presented as an average burden measured in the left anterior

descending, left circumflex, and right coronary arteries, multiplied by a factor of 100.

Bolded P values are significant.

GlycA, Glycoprotein acetylation; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment for insulin resistance; LDL, low-

density lipoprotein; MetSyn, metabolic syndrome; PASI, Psoriasis Area Severity Index; VLDL, very low-density lipoprotein.
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Table II. Association between metabolic syndrome
and coronary computed tomography
angiographyebased quantitative noncalcified
coronary burden

Exposures

Unadjusted

Adjusted for FRS,

biologic use, and

lipid-lowering therapy

b P value b P value

Binary
MetSyn
score

.36 <.001 .31 <.001

Categorical
MetSyn
score

.40 <.001 .33 <.001

Reported b is a standardized b for metabolic syndrome in each

model, with the following standard deviations: binary MetSyn

score = .46 and categorical MetSyn score = 1.4. Binary MetSyn

score refers to the absent/present classification of metabolic

syndrome. Categorical MetSyn score refers to the 0 to 5

metabolic syndrome score based on the number of criteria met.

Bolded P values are significant.

FRS, Framingham risk score; MetSyn, metabolic syndrome.
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fellows with high intraclass correlation coefficient
(0.98).

Statistical analysis
Values are reported as mean (standard deviation

[SD]) for parametric variables, median (interquartile
range [IQR]) for nonparametric variables, and num-
ber (%) for categorical variables. Statistical signifi-
cance was assessed by Student t-test for parametric
variables, Wilcoxon rank-sum test for nonpara-
metric variables, and Pearson x2 test for categorical
variables. Analysis of variance was used for multiple
comparisons. Linear regressions were performed
and a standardized b coefficient was reported.
Adjusted variables included 10-year Framingham
risk score, biologic use, and lipid-lowering therapy.
P \ .05 was considered significant. All analyses
were performed with StataIC (version 16,
StataCorp).

RESULTS
Characteristics of the study group

The cohort had a mean age of 50 years (SD 13),
was predominantly composed of male patients
(62%), and had body mass index characteristics
consistent with an overweight profile (median 28.8;
IQR 25.1-32.8). The cohort had mild to moderate
skin disease severity as measured by the Psoriasis
Area Severity Index score (median 6.2; IQR 3.0-10
kg/m2) with psoriasis disease duration of 20 years
(SD 13).

Characteristics of the study group stratified by
metabolic syndrome status

Of the 260 participants with psoriasis, 80 met
criteria for metabolic syndrome. Metabolic syn-
drome compared with no metabolic syndrome
had no significant differences in Psoriasis Area
Severity Index scores, disease duration, partici-
pants with psoriatic arthritis, or psoriasis-specific
medication use. Individuals with metabolic syn-
drome were significantly older and more likely to
have and be receiving treatment for hypertension,
diabetes, and hyperlipidemia. The metabolic syn-
drome group had greater systemic inflammation by
high-sensitivity C-reactive protein (median 2.4, IQR
0.90-4.6 mg/L vs median 1.4, IQR 0.70-3.1 mg/L;
P = .02) and GlycA (median 414, IQR 370-450 �mol/
L vs median 383, IQR 344-444 �mol/L; P = .005).
Insulin resistance as assessed by the homeostatic
model assessment for insulin resistance was higher
in metabolic syndrome (median 4.8, IQR 3.5-7.9 vs
median 2.0, IQR 1.3-3.0; P\ .001). Despite having
similar total cholesterol and low-density lipopro-
tein levels, participants with metabolic syndrome
had lower high-density lipoprotein C levels (me-
dian 44, IQR 37-51 mg/dL vs median 58, IQR 49-70
mg/dL; P\.001), higher triglyceride levels (median
148, IQR 100-201 mg/dL vs median 88, IQR 65-116
mg/dL; P \ .001), as well as higher low-density
lipoprotein particle number (median 1323, IQR
1005-1592 vs median 1099, IQR 861-1415;
P = .001) and higher very low-density lipoprotein
particle number (median 48.6, IQR 30.5-74.6 vs
median 39.8, IQR 21.3-56.7; P = .003). There was
lower high-density lipoprotein cholesterol efflux
capacity in metabolic syndrome (median 0.91, IQR
0.83-1.0 vs median 0.98, IQR 0.88-1.1; P = .002)
(Table I).

Association between metabolic syndrome, its
factors, and noncalcified coronary burden

In the participants with metabolic syndrome,
there was a higher prevalence of coronary plaque
(36 [58%] vs 51 [38%]; P = .01) and high-risk plaque
(19 [30%] vs 21 [15%]; P = .02), with higher total
(mean 1.5, SD 0.57 mm2 vs mean 1.1, SD 0.40 mm2;
P \ .001) and noncalcified burden (mean 1.4, SD
0.56 mm2 vs mean 1.1, SD 0.37 mm2; P \ .001)
(Table I). The presence of metabolic syndrome was
significantly associated with higher noncalcified
coronary burden (b = .36; P \ .001), which
persisted after adjusting for 10-year Framingham
risk score, biologic use, and lipid-lowering therapy
(b = .31; P \ .001). The number of metabolic
syndrome criteria met also associated with non-
calcified coronary burden in unadjusted (b = .40;



Fig 1. Average noncalcified burden by number of metabolic syndrome criteria met. Seven
patients met 5 criteria and are combined with those who met 4 criteria. P value reported from
analysis of variance.

Table III. Association between individual metabolic syndrome factors and coronary computed tomography
angiographyebased quantitative noncalcified coronary burden

Binary exposures

Unadjusted

Adjusted for FRS, biologic use,

and lipid-lowering therapy

Adjusted for

all binary MetSyn factors

b P value b P value b P value

Waist circumference criteria .38 <.001 .33 <.001 .31 <.001
Triglycerides criteria .21 .001 .17 .005 .12 .06
HDL criteria .09 .16 .06 .32 -.07 .31
Blood pressure criteria .26 <.001 .18 .005 .13 .03
Fasting glucose criteria .26 <.001 .17 .009 .12 .06

Reported b is a standardized b for metabolic syndrome factors in each model, with the following standard deviations: waist circumference

criteria = .50, triglycerides criteria = .41, high-density lipoprotein criteria = .40, blood pressure criteria = .50, and fasting glucose criteria = .49.

Bolded P values are significant.

FRS, Framingham risk score; HDL, high-density lipoprotein; MetSyn, metabolic syndrome.

J AM ACAD DERMATOL

MAY 2021
1334 Teklu et al
P \ .001) and fully adjusted (b = .33; P \ .001)
models (Table II and Fig 1). When the 5 factors of
metabolic syndrome were considered, the criteria
for elevated waist circumference (b = .33; P\.001),
triglycerides (b = .17; P = .005), blood pressure
(b = .18; P = .005), and fasting glucose (b = .17;
P = .009) were independently associated with
noncalcified coronary burden after adjusting for
each of the above-mentioned covariates. The crite-
rion for reduced high-density lipoprotein C was not
associated with noncalcified coronary burden.
When all metabolic syndrome factors were adjusted
for, the waist circumference (b = .31; P\.001) and
blood pressure (b = .13; P = .03) criteria remained
significantly associated with noncalcified coronary
burden (Table III).



Table IV. Adjusted associations between metabolic syndrome, its individual factors, and quantitative measures
of adiposity

Exposures

Visceral adipose tissue

adjusted for FRS, biologic use,

and lipid-lowering therapy

Subcutaneous adipose tissue

adjusted for FRS, biologic use,

and lipid-lowering therapy

Total adipose tissue

adjusted for FRS, biologic use,

and lipid-lowering therapy

b P value b P value b P value

Binary MetSyn score .40 <.001 .36 <.001 .45 <.001
Categorical MetSyn score .43 <.001 .54 <.001 .58 <.001
Waist circumference criteria .43 <.001 .60 <.001 .62 <.001
Triglyceride criteria .24 <.001 .12 .07 .21 .001
HDL criteria .17 .003 .25 <.001 .26 <.001
Blood pressure criteria .19 .002 .21 .004 .24 .001
Fasting glucose criteria .23 <.001 .27 <.001 .30 <.001

Reported b is a standardized b for metabolic syndrome factors in each model, with the following standard deviations: binary MetSyn

score = .46, categorical MetSyn score = 1.4, waist circumference criteria = .50, triglycerides criteria = .41, high-density lipoprotein

criteria = .40, blood pressure criteria = .50, and fasting glucose criteria = .49. Binary MetSyn score refers to the absent/present classification of

metabolic syndrome. Categorical MetSyn score refers to the 0 to 5 metabolic syndrome score based on the number of criteria met.

Bolded P values are significant.

FRS, Framingham risk score; HDL, high-density lipoprotein; MetSyn, metabolic syndrome.
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Association between metabolic syndrome, its
factors, and total, subcutaneous, and visceral
adipose tissue volumes

Participants with metabolic syndrome had higher
visceral (mean 22,339, SD 8219 cc vs mean 12,305,
SD 7931 cc; P\ .001), subcutaneous (mean 24,760,
SD 9977 cc vs mean 16,255, SD 10,376 cc; P\.001),
and total (mean 47,099, SD 14,287 cc vs mean 28,560,
SD 14,950 cc; P \ .001) adipose tissue volumes
(Table I). Metabolic syndrome was associated with
visceral, subcutaneous, and total adipose tissue
volumes in unadjusted models (b = .50, .36, and
.51, respectively; all P \ .001) and models fully
adjusted for Framingham risk score, biologic use,
and lipid-lowering therapy (b = .40, .36, and .45,
respectively; all P\ .001). In fully adjusted models,
the criteria for waist circumference (b = .43;
P \ .001), triglycerides (b = .24; P \ .001), high-
density lipoprotein (b = .17; P = .003), blood
pressure (b = .19; P = .002), and fasting glucose
(b = .23; P \ .001) were associated with visceral
adipose tissue (Table IV).

DISCUSSION
We performed a cross-sectional study to assess the

effect of metabolic syndrome in a psoriasis cohort.
Psoriasis participants with metabolic syndrome had
elevated markers of systemic inflammation, insulin
resistance, and an abnormal lipoprotein profile.
Furthermore, individuals with metabolic syndrome
had higher total, noncalcified, and high-risk coro-
nary burden. Metabolic syndrome and its factors
were significantly associated with noncalcified cor-
onary burden in fully adjusted models. In models
with all factors of metabolic syndrome adjusted for,
blood pressure and waist circumference remained
significantly associated with noncalcified coronary
burden. Focusing on the central adiposity factor of
metabolic syndrome, we further showed that meta-
bolic syndrome and its factors were associated with
visceral adipose tissue in fully adjusted models. Our
findings collectively demonstrate the critical role of
central adiposity in cardiovascular risk in psoriasis.

Metabolic syndrome affects approximately one-
quarter of the adult population, with continued
increasing prevalence.36 Even considering how
prevalent metabolic syndrome is in the general
population, its prevalence is higher in individuals
with psoriasis.4,37 Metabolic syndrome and its
defining metabolic derangements have devastating
systemic consequences, including increased inci-
dence of stroke, coronary heart disease, myocardial
infarction, and cardiovascular disease mortality.38,39

Psoriasis, in part owing to its associated increase in
vascular and systemic inflammation, has been shown
to not only increase but also accelerate atheroscle-
rotic plaque formation.1,40,41 Thus, understanding
the influence of cardiovascular disease risk acceler-
ators such as metabolic syndrome in psoriasis
patients is of clinical importance. To our knowledge,
this is the first study to show that metabolic syn-
drome and its factors are associated with higher
noncalcified coronary burden in psoriasis. This
relationship persisted after adjusting for traditional
cardiovascular disease risk factors encompassed by
the Framingham risk score, lipid-lowering therapy,
and biologic use. When the factors of metabolic
syndrome were compared, blood pressure and waist
circumference emerged as especially important for
noncalcified coronary burden. Hypertension is a
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well-known cardiovascular disease risk factor, with
inflammatory mediators such as T cells and cytokines
known to play a role in its pathogenesis and eventual
end-organ damage.42 Patients with psoriasis have a
higher risk of hypertension that increases with pso-
riasis severity.43 Here, we showed that the hyperten-
sion factor of metabolic syndrome remains important
to noncalcified coronary burden even when all other
factors are controlled, indicating its importance as a
marker of subclinical atherosclerosis in psoriasis
patients independent of other traditional risk factors.
Our study further highlights the importance of
screening for and addressing the factors of metabolic
syndrome in psoriasis patients, especially the factors
relating to hypertension and central obesity.

Central adiposity is the most prevalent aspect of
metabolic syndrome, with visceral adipose tissue
playing a large role.15,44 The significance of visceral
adipose tissue to metabolic dysfunction and cardio-
vascular disease is well established, and our group
has previously shown that visceral adipose tissue is
strongly associated with noncalcified coronary
burden in psoriasis.20-22 Visceral adipose tissue is
metabolically active and releases factors such as
leptin, adiponectin, and inflammatory mediators
and subsequently leads to increased systemic inflam-
mation, hyperinsulinemia, glucose intolerance, and
hypertriglyceridemia.45-48 Although visceral adipose
tissue is established as an important component of
metabolic and cardiovascular risk in both the general
population and psoriasis patients, its routine mea-
surement in the clinical setting is not yet feasible. In
this study, we showed that metabolic syndrome
and its factors were strongly associated with visceral
adipose tissue in psoriasis. Of the metabolic syn-
drome factors, waist circumference was most
strongly associated with visceral adipose tissue.
Waist circumference has been previously postulated
as an inexpensive marker of visceral adiposity,
although its association with total adiposity is stron-
ger, a finding replicated in this study.49,50 Although
waist circumference andmetabolic syndrome are not
perfect markers of visceral adipose tissue quantity
owing to their added relationship with subcutaneous
and total adiposity, they did emerge as strongly
associated with imaging-based quantitative visceral
adipose tissue and noncalcified coronary burden
in our psoriasis cohort. Given the inexpensive,
noninvasive, and time-efficient nature of metabolic
syndrome categorization, we believe metabolic syn-
drome and its factors, especially waist circumfer-
ence, are important tools for estimating visceral
adipose tissue and assessing risk of cardiometabolic
and cardiovascular diseases in the clinical setting for
patients with psoriasis.
The main limitation of this study is its observa-
tional and cross-sectional nature, which makes
causality and directionality difficult to establish.
Although our study provides strong evidence for
higher noncalcified coronary burden in psoriasis
patients with metabolic syndrome, further work on
the role of inflammation and anti-inflammatory
treatment on the effect of metabolic syndrome in
psoriasis over time is needed. Additional work
investigating differences in coronary plaque charac-
teristics between psoriasis patients and the general
population with metabolic syndrome is also war-
ranted to better understand the role of chronic
inflammation in metabolic syndrome.

In conclusion, individuals with psoriasis and
metabolic syndrome had higher systemic inflamma-
tion, prevalence of cardiovascular disease risk fac-
tors, and noncalcified coronary burden. Efforts to
increase metabolic syndrome awareness in psoriasis
should be undertaken to reduce the associated
heightened cardiovascular disease risk.
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