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ABSTRACT

The association between psoriasis, metabolic
syndrome, and cardiovascular disease is well
established. The shared pathways between pso-
riasis, metabolic syndrome, and atherosclerosis
suggest that treatments targeting the inflam-
matory pathways of psoriasis may also be ben-
eficial in the treatment of associated
cardiometabolic comorbidities. This paper
reviews the most recent data regarding the
impact of systemic psoriasis treatments on
comorbid cardiovascular and metabolic disease.
Data from randomized clinical trials with sys-
temic and biologic agents are presented. Over-
all, studies demonstrate beneficial effects on
several cardiometabolic markers and risk factors
in psoriasis patients; however, longer random-
ized controlled trials to characterize the direct
benefit for cardiovascular outcomes are needed.
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Key Summary Points

Cardiometabolic comorbidities are highly
prevalent in psoriasis patients.

Systemic agents targeting common
immune pathways between psoriasis,
cardiovascular disease, and metabolic
syndrome have the potential to positively
impact all three health conditions.

Adalimumab, methotrexate, cyclosporine,
etanercept, infliximab, secukinumab,
tofacitinib, and ustekinumab were
associated with varying levels of impact
on the imaging and biomarkers of
cardiometabolic disease in psoriasis
patients when evaluated in randomized
clinical trials.

Based on the available data, it may be
beneficial to consider early, sustained
systemic therapy in psoriasis patients at
an elevated risk of cardiovascular disease.

INTRODUCTION

Psoriasis is a chronic, immune-mediated,
inflammatory skin condition that affects over
100 million people worldwide [1]. For many
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years, psoriasis was thought to be a disease that
primarily affects the skin and joints, but its
association with cardiovascular and metabolic
disorders is now widely studied and docu-
mented. In fact, there is growing evidence to
suggest that psoriasis may be an independent
risk factor for cardiovascular disease [2, 3].
These patients are at increased risk of cardio-
vascular risk factors such as metabolic syn-
drome and its individual components (obesity,
dyslipidemia, hypertension, and insulin resis-
tance) compared to patients without psoriasis
[2, 4, 5]. While the exact mechanism behind
this relationship is unclear, common underly-
ing pathways of systemic inflammation medi-
ated by type 1 helper (Th1l) and type 17 helper
(Th17) cells, endothelial dysfunction, and
pathologic angiogenesis may explain the link
between the pathogenesis of psoriasis and car-
diometabolic diseases [6, 7].

Cardiometabolic comorbidities negatively
impact multiple domains of the lives of psoria-
sis patients, resulting in increased morbidity
and mortality. The presence of comorbid car-
diovascular disease not only negatively impacts
quality of life; it is also significantly associated
with impairment of work and physical activity
and with greater healthcare utilization [8]. The
added financial stress induced by increased
medical costs, office visits, and hospitalizations
also plays a role in the overall burden placed on
psoriasis patients with comorbid disease. Fur-
thermore, patients with severe psoriasis are at
an increased risk of cardiovascular mortality
even after accounting for traditional risk factors
[hazard ratio (HR) 1.57, 95% confidence interval
(CI) 1.26-1.96] [9].

The substantial burden associated with car-
diometabolic comorbidities is a motivating
factor for exploring treatments that may lead to
additional benefits beyond skin clearance. The
shared pathogenic pathway between psoriasis
and cardiometabolic disease suggests that
treatments which target the systemic inflam-
mation of psoriasis may also have the added
benefit of improving associated cardiometabolic
comorbidities and risk factors. In fact, previous
retrospective studies have shown a decrease in
the development of cardiovascular disease fol-
lowing treatment with systemic agents [10].

Data from randomized clinical trials provide
further support for the direct and indirect
impacts of systemic therapy for psoriasis on
cardiovascular disease and metabolic dysfunc-
tion. Detailed below is the evidence from ran-
domized clinical trials of the impacts of tumor
necrosis factor (TNF)-a inhibitors, interleukin
(IL)-17, IL-12/23, and other systemic agents on
cardiovascular risk factors and biomarkers in
psoriasis patients.

METHODS

A literature search of PubMed for randomized
clinical trials through 3 May 2021 with the
terms “psoriasis” AND (“cardiovascular” OR
“metabolic syndrome” OR “diabetes” OR “hy-
pertension” OR “dyslipidemia” OR “hyperlipi-
demia” OR “obesity”) AND (“systemic” OR
“biologic”) was conducted. Studies were exclu-
ded for the following reasons: an observational
study design without subject randomization, no
active comparator, primary outcomes that did
not assess cardiometabolic parameters, or
because no plaque psoriasis patients were
included in the study. Comprehensive review
articles were referenced to identify any addi-
tional studies that were missed. Twelve ran-
domized clinical trials that evaluate the effects
of systemic therapies in plaque psoriasis
patients on cardiovascular or metabolic risk
factors and biomarkers were identified. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

RESULTS

The significant findings of the randomized
clinical trials are reviewed below. Table 1 pro-
vides additional details and expands on the
significant results of each study.

TNF-a inhibitors

Several studies have evaluated the car-
diometabolic impact of TNF-o inhibitor agents
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é’ % 3 in psoriasis patients. One study evaluated how
g F ¥ % o &% treatment with TNF-o inhibitors in psoriatic
2 : - §*§ g patients with type II diabetes impacts insulin
ol ~ . f j 85 E resistance and insulin sensitivity [11]. Seventy
; ;‘ o \E S b _S 5 psoriasis patients were randomized to receive
§ = &= g E fo-i*:; & treatment for 24 weeks with either TNF-o inhi-
2 5 ﬁ S @ = = ;; § bitors (including etanercept, adalimumab, and
° E s - =2 2 % 8 E” infliximab) or a control (consisting of treatment
= 2 —é 3 with topicals, cyclosporine, or methotrexate).
2 4 Ry j When compared to the control group, patients
g >E ?3 = s_,g treated with TNF-a inhibitors showed a signifi-
E ) 3§ g, Y cant decrease from baseline in both fasting
_§1 o EES EL_;‘ plasma glucose [— 2.74 vs. — 0.02 (p < 0.01)]
g 35 22 g py and hemoglobin Alc [~ 1.3% vs. 0.2%
= 7] = § Q = o g
. E = EASAN: g (p < 0.01)] values. Treatment with TNF-o inhi-
S g 2 = %‘ '; _3 bitors also led to a significantly greater change
_;G & g g E o =2 é in mean insulin resistance, which was assessed
o) A 7 o ;g 3 g using the homeostasis model assessment
g § ‘gﬁ = (HOMA), when compared to control patients
5 § £ 25 g treated with other agents [1.2 vs. — 0.3
£ 338 3 (p <0.01)].
o ~ S = 2
O ¢ S SRS
S| &S @ a2 So_
2el X < 22438 s Etanercept
P : + B2 5 g & Treatment with etanercept has demonstrated
ER S S - ®E variable cardiovascular benefits in randomized
N G g —é g % 8 clinical trials. An analysis of previously frozen
g \O/ 2 9 g 3 patient blood from a randomized, double-blind,
A A § i 2 L:f placebo-controlled study evaluated the effect of
=g K| .83 § : etanercept on C-reactive protein (CRP), which is
= E Qg S E a contributor to atherosclerosis and a predictor
R VA I S of coronary artery disease [12]. For the first
§ X PN § E) fc: 12 weeks, patients with psoriasis and psoriatic
NI § CEE %‘S arthritis were randomized to receive either
o :i % E = § “g &g varying dosages of etanercept (25 mg once
3 SN VIZ S o weekly, 25mg twice weekly, or 50 mg twice
-§‘ E N S Sz g Z 2 weekly) or placebo. From week 12 to week 24,
; S % g2 & § Q‘: 3 g patients initially on placebo received etanercept
S S B=i . .
g 2 3 § ] Ty % Eﬂ £ 25 mg twice weekly. Treatment with etanercept
£ §» S 88 TEI QS for 12 weeks resulted in significantly greater
= S 2 % & reductions in median CRP from baseline in
95 ] '% EaN psoriasis patients with and without psoriatic
g ® 2558 arthritis compared to placebo [2.7 mg vs. 0.1 mg
5] 588 g3 § -éb 2 and 1.0 mg vs. 0.1 mg, respectively (p < 0.001)].
- |< & < £y Bho 2 Placebo patients were able to achieve compara-
O S O e K I
2 S E 8 2 £ ble results in CRP reduction after 12 weeks of
E v ““é =l b—g etanercept therapy at week 24.
3 g 25 ;ab g The effect of etanercept treatment on meta-
o = _—§ Egg= bolic parameters and risk factors has also been
% §D < 5 § 52 _‘é’ evaluated. A double-blind randomized pilot
=< = SSR B study treated 12 psoriasis patients with two or
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more risk factors for type 2 diabetes (in accor-
dance with the American Diabetes Association)
with either etanercept 25 mg twice weekly or
placebo for 2 weeks [13]. While the etanercept
group did have a significant decrease in fasting
serum insulin levels from baseline [baseline:
146 £ 117 vs. week 2: 111 £ 87 (p = 0.04)],
there was no significant difference in insulin
sensitivity or secretion. Furthermore, treatment
with etanercept did not significantly impact any
of the other metabolic characteristics, including
fasting serum glucose, cholesterol, or uric acid.

A more recent study with a longer treatment
duration assessed the impact of etanercept on
cardiometabolic biomarkers, including choles-
terol, plasma insulin, quantitative insulin sen-
sitivity check index (QUICKI), apolipoprotein
(APO), and high-sensitivity CRP (hs-CRP) [14].
Plaque psoriasis patients were randomized
double blind to etanercept 50 mg once or twice
weekly for 12 weeks. Following 12 weeks of
treatment with etanercept once and twice
weekly, statistically significant mean percent
changes from baseline were observed in several
biomarkers, including QUICKI (- 2.2% and
— 2.7%, respectively), Apo Al (3.2% and 2.8%),
Apo B:Apo Al ratio (— 3.5% and — 4.6%), and
hs-CRP (— 65.5% and — 74.4%) (p < 0.05). In
addition, etanercept twice weekly resulted in
significant mean percent changes in fasting
plasma insulin (15.9%) and high-density
lipoprotein cholesterol (HDL-C, 2.9%) from
baseline at week 12 (p < 0.05).

Adalimumab

Adalimumab has demonstrated mixed efficacy
in reducing cardiovascular and metabolic risk
factors. Two studies demonstrated that treat-
ment with adalimumab resulted in no signifi-
cant improvement in vascular inflammation of
the aorta or carotid arteries [15, 16]. One ran-
domized, double-blind, placebo-controlled
study evaluated 107 psoriasis patients random-
ized to treatment with either adalimumab for
52 weeks or placebo for 16 weeks followed by
adalimumab for 52 weeks [15]. Vascular
inflammation was measured using positron
emission tomography-computed tomography
(PET/CT) with an injection of radiolabeled '®F-
fluoro-2-deoxy-D-glucose  (**F-FDG), which

accumulates in  the  macrophage-dense
atherosclerotic plaques in inflamed vessel walls.
FDG uptake was then quantified via the vessel
wall target-to-background ratio (TBR), provid-
ing a noninvasive measure of arterial plaque
inflammation [17]. No significant differences in
aortic or carotid artery TBR were demonstrated
after 16 weeks of treatment with adalimumab.
In fact, TBR in the carotid arteries increased
from baseline after 52 weeks of adalimumab
(p = 0.046). However, 16 weeks of treatment
with adalimumab resulted in a statistically sig-
nificant decrease from baseline in hs-CRP when
compared to placebo [— 28.67% vs. 1.09%,
respectively (p = 0.012)].

The second study, which confirmed those
findings, was a randomized, double-blind, pla-
cebo-controlled trial comparing the effects of
adalimumab, narrowband ultraviolet B (NB-
UVB) phototherapy, and placebo on vascular
inflammation of the ascending aorta and
metabolic biomarkers [16]. Following the ran-
domization phase (12 weeks), all patients either
continued or started on adalimumab for a total
of 52 weeks of treatment. After 12 weeks of
treatment with adalimumab and NB-UVB, there
was no significant change in maximum TBR
compared to placebo [change compared to pla-
cebo: 0.64% (p =0.795) and — 1.60%
(p = 0.540), respectively]. NB-UVB did result in
a significantly decreased TBR compared to
baseline [change compared to baseline: — 4.09%
(p = 0.031)]. Treatment with 52 weeks of adali-
mumab resulted in a significant decrease in TBR
when compared to the absolute study baseline,
but not to the adalimumab treatment baseline
[- 3.80% (p=0.005) and 0.02% (p =0.987),
respectively]. Following 12 weeks of treatment,
both adalimumab and phototherapy resulted in
significant decreases in serum CRP and IL-6
when compared to placebo (p < 0.05). Further-
more, treatment with adalimumab for 12 weeks
also resulted in significant reductions in TNF-o,
a key proinflammatory cytokine, and glycopro-
tein acetylation (GlycA), which is positively
associated with risk of death and major cardio-
vascular events [vs. placebo (p <0.01)] [18].
Following 52 weeks of treatment with adali-
mumab, significant improvements were noted
in the biomarker levels of TNF-o, GlycA, and
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CRP, but significantly negative impacts were
seen in both IL-6 and high-density lipoprotein
particle (HDL-P) levels (p <0.05). Neither
treatment had a significant impact on serum
glucose metabolism markers.

IL-17 inhibitors

Secukinumab

Several studies have evaluated the impact of
secukinumab on cardiovascular disease param-
eters such as endothelial dysfunction, vascular
inflammation, and myocardial deformation. A
randomized, double-blind, placebo-controlled
study evaluated the impact of secukinumab
versus placebo on flow-mediated dilation
(FMD), which is a measure of wvascular
endothelial function and an early predictor of
future cardiovascular events [19, 20]. In total,
151 patients were randomized to either secuk-
inumab 150 mg or 300 mg for 52 weeks or pla-
cebo for 12 weeks followed by one of the two
secukinumab doses until week 52. Although no
differences in FMD were noted at week 12
between secukinumab groups and placebo, sig-
nificant improvements in FMD from baseline
were present in both the secukinumab 150 mg
and secukinumab 300 mg groups after 52 weeks
of treatment [+ 2.1% (p = 0.0034) and + 2.1%
(p = 0.0022), respectively]. Additionally, when
compared to placebo at week 12 and baseline at
week 52, secukinumab treatment was associated
with a decrease in adiponectin, a biomarker that
is suggested to be protective against the devel-
opment of hypertension, insulin resistance, and
cardiovascular disease (p < 0.05) [21]. No other
clinically relevant changes were demonstrated
in arterial stiffness, total plaque burden of the
carotid artery or aorta, or serum biomarkers of
systemic inflammation, lipids, or glucose
metabolism.

The impact of secukinumab on vascular
inflammation via '®F-FDG PET/CT scans and
serum cardiometabolic biomarkers was evalu-
ated in a randomized, double-blind, placebo-
controlled study of psoriasis patients [22].
Patients were randomized to either secuk-
inumab 300mg or placebo for the first
12 weeks. Following this, placebo patients were

switched to secukinumab for the remainder of
the 52-week study. Evaluation with '®F-FDG
PET/CT scans revealed no significant changes in
TBR of the aorta following secukinumab treat-
ment. Furthermore, no significant differences at
week 12 in any markers of inflammation, insu-
lin resistance, diabetic predictors, or adiposity
were noted. At week 52, treatment with secuk-
inumab was associated with a significant
reduction from baseline in TNF-o (p = 0.0063)
and ferritin (p = 0.035), a biomarker positively
associated with cardiovascular risk factors and
occurrence of insulin resistance [23].

Further investigation demonstrated the
effects of secukinumab on vascular and left
ventricular (LV) function in patients with pla-
que psoriasis and psoriatic arthritis [24]. In the
1-year study, 100 psoriatic patients were ran-
domized to receive secukinumab or cyclospor-
ine, and 50 psoriatic patients who were
beginning treatment with methotrexate served
as control. Secukinumab resulted in greater
improvements in LV myocardial function (LV
global longitudinal strain, global longitudinal
strain rate, global longitudinal strain rate at
early diastole, and LV twisting), arterial elastic-
ity (pulse wave velocity), and coronary flow
reserve when compared to both cyclosporine
and methotrexate. Oxidative stress, as measured
by malondialdehyde and protein carbonyl
levels, was also significantly improved after 1
year of secukinumab treatment (p = 0.03 and
p =0.02, respectively). However, cyclosporine
was associated with a negative effect on oxida-
tive stress markers (p < 0.05) and on arterial
elasticity, as measured by pulse wave velocity
[month 4: + 11%, month 12: + 14%
(p =0.02)].

IL-12/23 inhibitors

Ustekinumab

The effect of ustekinumab on aortic vascular
inflammation was evaluated via TBR with 8F-
FDG PET/CT scans and biomarkers of systemic
inflammation, lipids, and glucose metabolism
in a phase IV, randomized, double-blind, pla-
cebo-controlled trial [25]. In total, 43 patients
were randomized to either ustekinumab for
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52 weeks or placebo for 12 weeks followed by
ustekinumab for an additional 52 weeks. At
week 12, psoriasis patients treated with ustek-
inumab were found to have a statistically sig-
nificant (18.65%) reduction in aortic vascular
inflammation compared to placebo (p = 0.001),
although the improvement was transient. At
week 52 of treatment, ustekinumab demon-
strated a neutral effect on vascular inflamma-
tion in both groups when compared to baseline.
Ustekinumab treatment was also associated
with several statistically significant changes to
serum biomarkers at week 12 when compared to
placebo. Decreases in vascular cell adhesion
molecule 1, a mediator in the development of
atherosclerosis, and IL-2 receptor o, which is
positively associated with cardiovascular mor-
tality and incident stroke and heart failure, were
noted at week 12 [vs. placebo (p < 0.05)] [26].
However, ustekinumab treatment for 12 weeks
also resulted in increases in LDL and several
other apolipoprotein-B lipoproteins [vs. placebo
(p < 0.05)]. Following 52 weeks of treatment,
both ustekinumab treatment groups had sig-
nificant decreases in IL-1B, IL-17a, and IL-18
and significant increases in IL-12/23, high-den-
sity lipoprotein particle size (hdl-z), large very-
low-density lipoprotein particle number (vldl-
p), and leptin compared to baseline (p < 0.05).

Other systemic agents

Tofacitinib

The impact of tofacitinib versus etanercept on
inflammatory and cardiovascular proteins was
investigated with archived blood samples from
266 psoriasis patients in a randomized, double-
blind, phase III psoriasis trial [27]. Following
4 weeks of treatment with tofacitinib and etan-
ercept, IL-6, CCL20, and CXCL10, which are
reported to be common inflammatory mole-
cules in both psoriasis and atherosclerosis, were
reduced [fold change (FCH) > 1.2 and false dis-
covery rate (FDR) < 0.05]. Furthermore, only
tofacitinib responders who achieved PASI 75
demonstrated a significant reduction in some
psoriasis-associated cardiovascular proteins,
including CHI3L1, E-selectin, hK11, IL-16, TNF
receptor 1, TNF-related activation-induced

cytokine, and matrix metalloproteinase-12
(FCH > 1.2 and FDR < 0.05).

Methotrexate

While methotrexate served as a control for two
of the abovementioned studies [11, 24], it was
also studied in a randomized, double-blind,
placebo-controlled trial evaluating vascular
inflammation as measured by '®*F-FDG PET/CT
[28]. A total of 15 psoriasis patients were ran-
domized to four different treatments:
methotrexate, methotrexate and pioglitazone,
pioglitazone, or placebo. Vascular inflammation
of the ascending aorta was higher in psoriasis
patients at baseline compared to historical
controls. However, no significant difference in
aortic vascular inflammation, which was calcu-
lated through the maximum standardized
uptake value of FDG in the arterial wall, was
observed in any of the treatment groups fol-
lowing 12 weeks of treatment.

DISCUSSION

Cardiovascular and metabolic comorbidities
pose a significant burden to psoriasis patients.
The presence of cardiovascular comorbidity in
psoriasis patients is associated with lower
health-related quality of life with significant
decreases in physical and mental health
(p <0.01) [8]. Additionally, psoriasis patients
with cardiovascular comorbidity reported
greater rates of presenteeism, which is the loss
of productivity in the workplace that occurs due
to medical conditions, and overall work and
activity impairment than psoriasis patients
without cardiovascular disease (p < 0.05) [8].
Cardiometabolic comorbidity is also associ-
ated with greater healthcare utilization and
costs. Accompanying cardiovascular disease in
psoriasis patients was associated with 1.9 times
more health care visits and 2-3 times more
hospitalizations within the previous 6 months
(p < 0.05) [8]. Another study demonstrated that
patients with cardiovascular disease had an
incidence rate ratio of 2.3 (2.2-2.5) for emer-
gency room visits, 2.6 (2.4-2.8) for hospitaliza-
tions, and 1.5 (1.4-1.5) for outpatient clinic
visits [29]. Cardiovascular comorbidity also
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results in a considerable incremental economic
burden. The presence of comorbid cardiovas-
cular disease was associated with an estimated
$8275 in annual adjusted incremental costs
over psoriasis patients without comorbid dis-

eases [29].
This burden associated with cardiometabolic
comorbidities  disproportionately = impacts

younger patients. Studies demonstrate that the
relative risk of myocardial infarction and car-
diovascular mortality is highest among young
patients with severe psoriasis [2, 30]. Overall,
the presence of cardiometabolic comorbidities
amplifies the already substantial psychological,
physical, and economic burden associated with
psoriasis, highlighting the need to explore
shared therapeutic avenues.

Systemic agents have the potential to posi-
tively impact both cardiovascular and metabolic
health due to the shared activation of systemic
immune pathways between psoriasis, metabolic
syndrome, and cardiovascular disease. The cur-
rent data from randomized clinical trials
demonstrate that biologic and other systemic
agents have varying levels of impact in imaging
and biomarkers of cardiometabolic disease.
Differences also exist between the impact of
systemic agents on cardiometabolic dysfunc-
tion, suggesting that some treatments may be
more beneficial than others. While those stud-
ies do not evaluate concrete cardiometabolic or
mortality outcomes, the parameters assessed are
closely associated with overall cardiovascular
and metabolic health.

Four clinical trials evaluated the impact of
systemic agents on vascular inflammation
through TBR via '®F-FDG PET/CT. Imaging with
CT/PET and injection of '®F-FDG is a proposed
noninvasive reflection of arterial inflammation
[17]. Additionally, '®F-FDG PET/CT is a sug-
gested surrogate marker of early coronary artery
disease and a proposed predictor of future major
cardiovascular events [17, 31]. Ustekinumab,
adalimumab, and NB-UVB phototherapy were
all associated with varying levels of improve-
ment in vascular inflammation via '®F-FDG
PET/CT, but only ustekinumab demonstrated a
statistically significant benefit when compared
to placebo. While these results are promising,
several of these studies evaluated cardiovascular

inflammation after 12-16 weeks, a time period
that may be too short to perceive real changes
in the chosen imaging modalities.

Several studies also assessed clinical
biomarkers of systemic inflammation with CRP,
given the significant role it plays in promoting
vascular inflammation and cardiovascular
events [32]. CRP levels over 10 mg/L are associ-
ated with a greater than 4% risk of developing a
fatal cardiovascular event in 10 years, suggest-
ing that a reduction in CRP levels could repre-
sent a reduction in comorbid cardiovascular risk
and events [32]. Specifically, etanercept, adali-
mumab, and NB-UVB were associated with sig-
nificant reductions in CRP.

Other serum biomarkers, such as glucose,
insulin, and cholesterol, were used to assess the
impact of systemic agents on metabolic syn-
drome parameters. Metabolic syndrome, which
is present in almost a third of psoriasis patients,
is a significant predictor of cardiovascular dis-
ease [33]. Patients with metabolic syndrome
have a 2.5-fold increased risk of myocardial
infarction than patients without metabolic
syndrome [34]. Treatment with etanercept
resulted in varying levels of benefit across sev-
eral metabolic parameters. However, there is
still not enough data to characterize the clinical
benefit, if any, of systemic agents. Although the
endpoints evaluated in these randomized clini-
cal studies are surrogate markers for disease
outcomes, the results still suggest an overall
positive impact on cardiovascular and meta-
bolic health.

While the follow up of these studies was
limited to 1 year or less, a long-term follow-up
study revealed that improvements in biomark-
ers may be more than just transient changes in
serum concentrations. A study of patients with
moderate to severe psoriasis demonstrated that
biomarkers associated with systemic inflamma-
tion, E-selectin, IL-22, and hs-CRP, were still
significantly decreased 24 months after treat-
ment with adalimumab [35]. This suggests that
secondary improvements in inflammation
associated with systemic therapy may persist
with continuation of treatment.

Furthermore, the results from these ran-
domized clinical trials are supported by recent
prospective  observational studies which
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demonstrate that biologic therapy is associated
with improvements in cardiovascular disease
parameters [36, 37]. Treatment with TNF-o
inhibitors (adalimumab and etanercept), IL-12/
23 inhibitor (ustekinumab), and IL-17 inhibi-
tors (secukinumab and ixekizumab) was associ-
ated with a reduction in noncalcified coronary
artery plaque when compared to patients who
were not treated with biologics [37]. Addition-
ally, a second prospective cohort study
demonstrated that 1 year of biologic therapy
was associated with a reduction in coronary
artery inflammation [36].

Emerging data suggest that in addition to the
secondary impact on cardiometabolic parame-
ters, systemic treatment may also improve the
life expectancy of psoriasis patients. The PSO-
LAR longitudinal study demonstrated that
patients with moderate to severe psoriasis who
underwent systemic therapy with biologics had
a reduced risk of all-cause mortality and car-
diovascular mortality when compared to those
with no exposure to biologics [38]. Long-term
treatment with methotrexate was also associ-
ated with a reduced risk of mortality.

Overall, the impact of systemic agents on the
imaging and biomarkers of cardiometabolic
disease is promising, and these findings high-
light the potential added benefit of systemic
therapy for psoriasis patients. While many fac-
tors currently dictate the choice of systemic
therapies, including safety, efficacy, and patient
preference, the secondary benefit of systemic
agents for cardiometabolic parameters may play
a role in the treatment algorithm of psoriasis
therapy in the future. Additionally, given the
disproportionate = cardiometabolic ~ burden
placed on younger psoriasis patients, recogni-
tion of the increased cardiovascular risk and
early intervention with appropriate treatment is
critical. A discussion with young psoriasis
patients regarding the potential benefit of sus-
tained systemic therapy may be considered
earlier in the disease course. These agents may
also have an impact on future major cardio-
vascular events, but randomized placebo-con-
trolled trials evaluating the direct impact of
systemic agents on outcomes are needed to
further define this benefit.

CONCLUSION

Cardiovascular and metabolic comorbidities are
highly associated with psoriasis. Systemic
inflammation, endothelial dysfunction, and
pathologic angiogenesis link psoriasis with the
development of cardiometabolic disorders. The
shared inflammatory pathways indicate that
systemic treatments may be able to target these
domains concurrently. Randomized clinical
trials of adalimumab, methotrexate, cyclospor-
ine, etanercept, infliximab, secukinumab,
tofacitinib, and ustekinumab revealed varying
levels of benefit for cardiometabolic markers
and risk factors. While the current data exhibit
varying benefit in the simultaneous treatment
of psoriasis and cardiometabolic risk factors and
biomarkers, there is still a need for further ran-
domized clinical trials that evaluate car-
diometabolic outcomes to further characterize
the added benefit of these systemic agents.
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