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Abstract

Background and aims—~Psoriasis is a chronic inflammatory disorder associated with vascular
inflammation, measured by 18-fluorodeoxyglucose positron emission tomography/computed
tomography (18-FDG PET/CT), and an increased risk of myocardial infarction. Patients with
psoriasis are also more likely to suffer from comorbid depression. Whether depression accelerates
the development of subclinical atherosclerosis in psoriasis is unknown.

Methods—~Patients were selected from within a larger psoriasis cohort. Those who reported a
history of depression (N = 36) on survey were matched by age and gender to patients who reported
no history of psychiatric illness (N = 36). Target-to-background ratio from FDG PET/CT was used
to assess aortic vascular inflammation and coronary CT angiography scans were analyzed to
determine coronary plaque burden. Multivariable linear regression was performed to understand
the effect of self-reported depression on vascular inflammation and coronary plaque burden after
adjustment for Framingham risk (standardized B reported).

Results—In unadjusted analyses, vascular inflammation and coronary plaque burden were
significantly increased in patients with self-reported depression as compared to patients with
psoriasis alone. After adjustment for Framingham Risk Score, vascular inflammation (B = 0.26, p
= 0.02), total plaque burden (B =0.17, p=0.03), and non-calcified burden (B =0.17, p=0.03)
were associated with self-reported depression.
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Conclusions—Self-reported depression in psoriasis is associated with increased vascular
inflammation and coronary plaque burden. Depression may play an important role in promoting
subclinical atherosclerosis beyond traditional cardiovascular risk factors.
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1. Introduction

Psychological distress is increasingly recognized as a risk factor for cardiovascular disease
[1]. Depression has been associated with cardiovascular events, subclinical atherosclerosis,
and all-cause mortality independent of traditional cardiovascular risk factors in a number of
epidemiologic studies [2,3]. Inflammatory mediators, TNF-a and IL-6, have been shown to
associate with depression in multiple investigations [4]. Furthermore, C-reactive protein,
which serves as a biomarker for both inflammation and cardiovascular risk, is found to be
elevated in depression [5]. These studies suggest that chronic inflammation may provide an
important link between depression and cardiovascular disease.

Patients with psoriasis, a chronic inflammatory disorder, are known to experience higher
rates of depression [6,7] as well as increased rates of cardiovascular events [8-12]. Recently,
it was demonstrated that among patients with psoriasis, depression was associated with an
increased risk of myocardial infarction, stroke and cardiovascular death [13]. Because
psoriasis associates with increased vascular inflammation [14], it provides a strong human
clinical model to study inflammatory atherogenesis /n vivo. However, whether self-reported
history of depression in psoriasis relates to the development of subclinical atherosclerosis
before cardiovascular events occur is unknown.

Given that patients with psoriasis have higher rates of depression, understanding the role of
psychological distress in promoting inflammation-induced atherosclerotic plaque
development may be important to prevent future cardiovascular events. Aortic vascular
inflammation as measured by 18-fluorodeoxyglucose positron emission tomography/
computed tomography (18-FDG PET/CT) has proven useful for predicting cardiovascular
outcomes [15], and is elevated in psoriasis [15]. Similarly, coronary computed tomography
angiography (CCTA) provides a validated non-invasive modality for determining coronary
plaque burden and composition, is predictive of cardiovascular outcomes [16], and is
established for the study of coronary artery disease in psoriasis [17]. Therefore, the goal of
this study was to utilize these non-invasive measures of subclinical atherosclerosis to
evaluate the extent of vascular inflammation and burden of coronary artery disease
associated with self-reported depression in a deeply phenotyped cohort of patients with
psoriasis.
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2. Patients and methods
2.1. Study design

This nested cohort study was conducted using a subset of patients from a larger cohort study
examining the relationship between psoriasis and cardiovascular health (NCT01778569).
Approval for this research was granted by the Institutional Review Board of the National
Heart Lung and Blood Institute prior to patient recruitment in accordance with the
Declaration of Helsinki. All patients provided informed consent before study participation.

2.2. Selection of study groups

Recruitment of patients via the ongoing NHLBI Protocol 13-H-0065 began January 23, 2013
and continued until October 14, 2015. All patients were over the age of [18] and had a
diagnosis of psoriasis made by a dermatologist or collaborating board-certified physician.
Patients who were pregnant, lactating or had kidney disease with an estimated glomerular
filtration rate <30 mL/min/1.73 m2 were excluded. In a baseline medical questionnaire
administered to all study participants, patients were asked to indicate whether they had a
history of depression, defined and confirmed by the use of medications and/or counseling. A
total of 36 patients reported a history of depression by survey. We then selected 36 age- and
gender-matched patients without any reported history of psychiatric illness from the same
cohort for comparison to reduce confounding by age and gender and maximize statistical
efficiency.

2.3. Clinical assessment

All patients were seen at the NIH Clinical Center for visits. During these visits, patients
received a detailed history and physical exam. All patients underwent 18-FDG PET/CT
imaging and laboratory testing. CCTA scans were done on all patients who provided consent
and lacked contraindications.

2.4. Laboratory analysis

Fasting blood samples were processed in an on-site certified clinical research laboratory.
Plasma levels of markers known to associate with cardiometabolic disease and inflammation
were measured —including glucose, insulin, total cholesterol, HDL, LDL, triglycerides,
apolipoprotein A and apolipoprotein B —using previously published methods [15].

2.5. FDG PET/CT analysis

After fasting overnight, patients were given a 10 mCi dose of 18-fluorodeoxyglucose (18-
FDG). Approximately 60 min after administration of 18-FDG load, PET/CT images (Fig.
1A and B) were acquired using a Siemens Biograph mCT PET/CT 64-slice scanner
(Siemens Medical Solutions USA, Malvern, PA, USA). Axial 1.5 mm thick slices of the
aorta were analyzed by placing regions of interest (ROIs) around the vessel walls at the level
of key anatomical landmarks with careful avoidance of adjacent structures. Mean and
maximum standard uptake values (SUVs) were calculated using Extended Brilliance
Workspace (Phillips Electronics, NV, USA). To standardize the values, target-to-background
ratios (TBR) were calculated by dividing the maximum SUVs of each slice by the 18-FDG
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uptake measured in the lumen of the vena cava, and we report the average TBR in the aorta
for each patient.

2.6. Coronary CT angiography analysis

Eligible patients who consented to receive CCTA were scanned on a 320 detector row unit
(Aquilion ONE ViSION Edition; Toshiba Medical Systems, Otawara, Japan) using standard
techniques [18,19] during their baseline visits on the same day that fasting blood samples
were drawn (Fig. 1C and D). CCTA images were read and interpreted by a collaborating
experienced cardiologist (MYC). We evaluated CCTA data in all patients who had
analyzable scans and evaluated each coronary artery individually. Plaque morphology and
composition were then analyzed for the left main, left anterior descending, left circumflex
and right coronary arteries using the dedicated software program, QAngio CT (Medis, The
Netherlands). Total, non-calcified, and dense calcified plaque burden were quantified on the
basis of pre-defined Hounsfield unit ranges. Indices for total, non-calcified and dense
calcified plaque burden were then calculated by dividing the plaque volume of each vessel
by its total length, attenuated for luminal intensity. We report total burden, non-calcified and
dense calcified burden for each patient.

2.7. Statistical analysis

Summary statistics were reported and data were assessed for normality by skewness and
kurtosis. Normally distributed continuous variables were analyzed using the Student’s t-test.
Continuous variables that were not normally distributed were compared using the Mann-
Whitney U'test. Dichotomous variable comparisons were performed using Fisher’s exact
test. Univariable regression analyses were performed using TBR as a primary outcome and
depression status as an independent variable. In the same fashion, univariable regression
analyses were performed using total and non-calcified plaque burden as secondary outcomes
and depression status as the independent variable. Multivariable linear regression analyses
were performed between depression status and TBR, and between depression status and total
and non-calcified plaque burden, adjusting for established cardiovascular risk factors in the
form of Framingham risk scores. We reported beta coefficients and p-values for all of the
regression models. All statistical analyses were conducted using STATA 12.1 statistical
software (StataCorp, College Station, TX, USA).

3. Results

3.1. Patient characteristics

We compared 36 psoriasis patients with a self-reported history of depression to 36 age- and
gender-matched controls with psoriasis and no self-reported history of depression or other
psychiatric condition (Table 1). Overall, patients in this study were middle-aged (average
age of 48.9 years), equally distributed by gender, and had low cardiovascular risk by
Framingham scores. Both groups had mild-to-moderate psoriasis by Psoriasis Area and
Severity Index score (median 5.8, IQR 2.9-12.8). The groups did not differ significantly by
major clinical parameters, namely psoriasis severity and cardiovascular risk factors.
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3.2. Vascular inflammation by FDG PET/CT

Vascular inflammation (by TBR) was significantly higher in the group with self-reported
depression (Fig. 2 & Table 2A). These differences remained significant after adjustment for
Framingham risk score (Table 3A). Stratified analysis showed that the use of systemic and
biologic therapies eliminated the observed relationship between depression status and
vascular inflammation. In the absence of systemic and biologic therapies, a stronger
relationship existed between depression status and vascular inflammation (Table 4).

3.3. Coronary plaque burden by coronary CT angiography

Total and non-calcified coronary plaque burden were significantly higher in patients with
self-reported depression (Fig. 2 & Table 2B). The relationship of total and non-calcified
coronary plaque burden to depression status remained significant after adjustment for
Framingham risk score (Table 3B). Stratified analysis showed that the use of systemic and
biologic therapies eliminated the observed relationship between depression status and
coronary plaque burden. In patients not on systemic or biologic therapies, stronger
relationships existed between depression status and total and non-calcified coronary plaque
burden (Table 4).

4. Discussion

In this study, we demonstrate: 1) among patients with psoriasis, those with self-reported
depression have increased vascular inflammation as quantified by 18-FDG PET/CT,; 2)
coronary plaque burden, as assessed by CCTA, the gold-standard non-invasive modality for
assessing coronary plaque, is significantly higher in patients with psoriasis who report
having depression than in those with psoriasis alone, and 3) the observed associations of
vascular inflammation and coronary plaque burden with comorbid depression in psoriasis
persist beyond adjustment for traditional CVD risk factors, as assessed by Framingham risk.
Additionally, using stratified analysis we show that the observed relationships between
markers of subclinical atherosclerosis and self-reported depression are stronger in the
absence of systemic or biologic treatment and do not retain significance in the presence of
such treatments. Thus, our findings suggest that patients with psoriasis —already at increased
cardiovascular risk due to chronic inflammation— may have even higher cardiovascular risk
associated with self-reported psychiatric comorbidities that is not fully captured by
Framingham risk score. These findings suggest that psoriasis patients with a history of
depression should be carefully screened for CVD risk factors.

For several decades depression has been studied as a cardiovascular risk factor [20,21].
Studies have correlated the presence of depression with myocardial infarction, stroke and
sudden death [2,3]. As both depression and anxiety have been implicated in atherosclerosis,
though admittedly with different magnitudes of effect, we chose to include patients who
reported both depression and anxiety in this study rather than excluding them. However, it
should be noted that causal pathways are complex and proposed mechanisms differ between
depression and anxiety with regards to their contribution to atherosclerotic disease.
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In recent years, there has been a greater focus on early measures of cardiovascular disease
using non-invasive markers, allowing us to better understand the atherosclerotic process
before devastating adverse cardiovascular events occur. As a result, validated noninvasive
imaging techniques such as FDG PET/CT and CCTA are useful tools that are being
increasingly applied to study subclinical atherosclerotic disease. The evidence base for using
these imaging modalities to examine the effects of psychological factors on cardiovascular
health is small but demonstrates detectable differences which may portend adverse future
prognoasis. Our findings in a chronic inflammatory cohort show that both vascular
inflammation and coronary plaque burden are increased by self-reported depression beyond
what can be attributed to traditional cardiovascular risk, providing further support for the
link between psychological distress and coronary artery disease.

Our work provides the first study of subclinical atherosclerosis via multimodal imaging in
psoriasis patients with depression. We utilize two different validated imaging methods to
show that self-reported depression associates with increased aortic vascular inflammation
and progression of early coronary artery disease in psoriasis, beyond what is seen to
associate with traditional risk factors. Furthermore, this study draws from a large, well-
phenotyped cohort of psoriasis patients, allowing for in-depth profiling of cardiovascular
risk factors.

Limitations of this study include its small sample size, its cross-sectional nature, and its
inability to use inventories for better characterization of depression status in conjunction
with baseline scans. For both vascular inflammation by TBR and coronary plaque burden,
we observed appreciable overlap in values between groups likely due to the small sample
size in our study. Larger, longitudinal studies are warranted to provide more support for the
observed association between psychiatric comorbidities and coronary artery disease in
patients with chronic inflammation, and to allow for adequate comparison of key
inflammatory mediators that have been implicated, such as TNF-a and IL-6 [5], as well as
other biomarkers involved in stress-related pathways. We used patient self-reporting at the
time of the baseline visit to categorize patients as having or not having comorbid depression.
As such, patient categorization is subject to inherent biases associated with self-reporting.
Future investigations should incorporate the use of a self-rating depression scale to better
expound upon these initial findings. Despite these limitations, our novel FDG PET/CT and
CCTA findings merit further investigation.

In conclusion, we show that self-reported depression in psoriasis is associated with increased
vascular inflammation and coronary artery disease, as assessed by FDG PET/CT and CCTA,
respectively. Our findings suggest a role for depression in the development of subclinical
atherosclerosis, beyond what is attributable to traditional cardiovascular risk factors,
although causation cannot be determined in this study and future studies are needed.
Additionally, our work highlights that patients with psoriasis and self-reported depression
may be a particularly vulnerable population for the development of coronary artery disease
and consequent cardiovascular events. This risk may not be completely captured by
conventional prognostication in the form of Framingham risk score calculation. Patients with
chronic inflammatory diseases, such as psoriasis, may benefit from better risk stratification
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and care that is inclusive of screening for depression in order to reduce cardiovascular
diseases.
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A

Fig. 1. Plaque imaging by coronary CT angiography and aortic vascular inflammation by FDG
PET/CT

(A) FDG PET/CT image of a patient with psoriasis and no psychiatric history. (B) FDG
PET/CT image of a patient with psoriasis and comorbid depression showing increased FDG
uptake in the aortic arch indicative of higher vascular inflammation. (C) CCTA 3D
reconstructed image of the same patient in Panel B showing stenosis of the left anterior
descending artery corresponding with plaque on CCTA (yellow arrows). (D) Multiplanar
reconstructed CCTA image of the right coronary artery of the same patient. Lines delineate
the vessel wall (orange) and lumen (yellow), showing areas of increased wall volume and
both calcified and non-calcified plaque. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Aortic vascular inflammation and coronary plaque burden by depression status
Scatter dot plots of individual participants demonstrate significantly higher (A) average

aortic target-to-background ratio, (B) total coronary plaque burden, and (C) non-calcified
plaque burden values in participants with self-reported depression (Dep) as compared to
those without self-reported depression (Non-Dep).
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Table 1
Characteristics of study groups.

Parameters Psoriasiswith depression N =36  Psoriasiswithout depresson N=36 pvalue

Demographics and clinical history
Age (years) 48.7+124 49.0+12.3 matched
Males, N (%) 18 (50%) 18 (50%) matched
Body Mass Index 30.0+6.6 285+4.7 0.13
Metabolic syndrome, N (%) 12 (33%) 5 (14%) 0.05
Hypertension, N (%) 13 (36%) 7 (19%) 0.11
Type 2 diabetes, N (%) 3 (8%) 3 (8%) 1.00
Hyperlipidemia, N (%) 17 (47%) 17 (47%) 1.00
Current tobacco use, N (%) 7 (19%) 7 (19%) 0.17
Personal history of CAD, N (%) 2 (6%) 3 (8%) 0.64
Family history of CAD, N (%) 11 (31%) 15 (42%) 0.33
Exercise frequency = once weekly, N (%)2 29 (88%) 29 (94%) 0.44

Cardiovascular risk profile
Systolic BP, mmHg 1255+ 19.0 120.2 +14.7 0.10
Diastolic BP, mmHg 74.1+10.2 71.3+10.3 0.13
Total cholesterol, mmol/L 479+1.03 457 +£0.99 0.18
LDL cholesterol, mmol/L 2.75+£0.84 2.56 £0.79 0.17
HDL cholesterol, mmol/L 1.35+0.42 144 +0.43 0.17
Framingham Risk score [median (IQR)] 4 (1-6) 2.5 (1-5) 0.56
Hs-CRP, nmol/L [median (IQR)] 20.95 (9.71-41.43) 22.86 (6.67-62.86) 0.84

Psoriasis characteristics
Disease duration, years 22.3+155 20.5+15.3 0.31
Body surface area affected, % [median (IQR)] 4.5 (2.8-17.4) 3.4 (1.7-13.2) 0.34
PASI score [median (IQR)] 6.3 (3.2-13.7) 4.7 (2.8-12.8) 0.25
Systemic or biologic therapy, N (%) 12 (33%) 14 (39%) 0.62

Continuous variables are expressed as Mean + Standard Deviation unless specified otherwise.

Hs-CRP = High sensitivity C-reactive protein, PASI = Psoriasis Area and Severity Index.

aN =33 vs. 31.
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Table 2

Non-invasive marker s of subclinical atherosclerosis

(A) Vascular inflammation by depression status. (B) Coronary plaque burden by depression status.

Parameter

Comorbid depression

No psychiatric history  pvalue

A

Vascular inflammation by FDG-PET/CT

Total aortic TBR 1.82+0.34 1.66 +0.18 0.008
Aortic arch TBR 1.98 +£0.36 1.84+0.21 0.02
Descending aortic TBR 1.81+£0.37 1.65+0.18 0.01
Suprarenal aortic TBR 1.90 £ 0.42 1.69+0.24 0.007
Infrarenal aortic TBR 1.79+0.40 1.59+0.19 0.003
B
Plaque burden adjusted for luminal attenuation
Total burden (x100), mm? [median (IQR)] 1.11 (0.85-1.49) 0.98 (0.81-1.22) 0.04
Non-calcified burden (x100), mm? [median (IQR)] 1.10 (0.83-1.45) 0.93 (0.78-1.21) 0.03
Dense calcified burden (x100), mm? [median (IQR)]  0.01 (0.005-0.03) 0.01 (0.003-0.03) 0.37

TBR = Target-to-Background Ratio.
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Table 3
Multivariate analyses of vascular inflammation and coronary plaque burden by

depression status

(A) Relationship between vascular inflammation and depression status. (B) Relationship between coronary
plague burden and depression status.

Model B (pvalue)
A
Total aorta
Unadjusted 0.28 (0.02)
Adjusted for FRS 0.26 (0.02)
Aortic arch
Unadjusted 0.25 (0.04)

Adjusted for FRS 0.23 (0.047)
Descending aorta

Unadjusted 0.27 (0.02)

Adjusted for FRS 0.25 (0.03)
Suprarenal aorta

Unadjusted 0.29 (0.01)

Adjusted for FRS 0.27 (0.02)
Infrarenal aorta

Unadjusted 0.32 (0.007)

Adjusted for FRS 0.30 (0.01)

B

Total plaque burden
Unadjusted 0.18 (0.02)
Adjusted for FRS 0.17 (0.03)
Non-calcified burden
Unadjusted 0.18 (0.02)
Adjusted for FRS 0.17 (0.03)
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