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Abstract

Sections

The skin and cardiovascular systems are connected in unique and
meaningful ways, and many diseases conventionally considered

as being limited to one organ system are more closely related than
previously believed. Major cardiovascular diseases and phenomena
such asinfective endocarditis, congestive heart failure, Kawasaki
disease and thromboembolism are associated with specific skin
findings, and advancesin genetics,immunology and clinical
epidemiology show that inflammatory dermatological diseases,

such as psoriasis, have serious cardiovascular and cardiometabolic
consequences. Additionally, commonly used cardiovascular
therapies, such as antihypertensive medications, are associated with
important cutaneous adverse effects, including photosensitivity,
photocarcinogenesis and eczematous skin reactions. Moreover,
systemic dermatological therapies, including retinoids, Janus kinase
inhibitors and biologics, can alter the risk of cardiovascular and
cardiometabolic diseases. In this Review on cardiodermatology,

we provide interdisciplinary insights from dermatology and cardiology
that will be of practical use to both cardiologists and generalists who
manage cardiovascular and cardiometabolic diseases in patients with
dermatological findings or histories. We discuss specific skin findings
associated with cardiovascular diseases to aid in diagnosis; important
cutaneous adverse effects of common cardiovascular therapies, for the
purpose of treatment monitoring; and the effect of dermatological
diseases and dermatological treatment on cardiovascular risk.
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Key points

o Common and rare skin diseases are of clinical importance to clinical
and investigational cardiology.

o The skin functions as a protective barrier and is involved in temperature
regulation, immune surveillance, endocrine and exocrine function, and
sensation.

o Inflammatory skin diseases such as psoriasis are cardiovascular
risk enhancers, warranting more intensive management of traditional
cardiovascular risk factors.

o The therapeutic armamentarium for dermatological diseases
is rapidly expanding, with many treatments having potential effects
on cardiometabolic disease.

Introduction

Theskinfunctionsasa protective barrier andisinvolved in temperature
regulation,immune surveillance, endocrine and exocrine function, and
sensation. Thousands of diseases can occur primarily or secondarilyin
theskin. Many skin diseases are common, affecting more than10% of the
population, whereas others are rare and require substantial expertise
for diagnosis and management.

The composition of the skin includes a diverse and abundant
immune cell population chiefly comprising dendritic cells and reg-
ulatory T cells in addition to macrophages, mast cells and natural
killer cells'. Normal human skin contains an estimated 20 billion T cells,
which is double the number found in the circulation®. Over half of
these T cells have a tissue-resident memory phenotype’. A cutaneous
neurosensory-immune interactionisalso present, whereby neuropep-
tides canregulate vasodilatation indirectly via effects onimmune cells
aswell as certain pro-inflammatory cytokines (suchasIL-6,IL-17A and
tumour necrosis factor (TNF)), which can induce pain®. Finally, the
cutaneousimmune system also interacts withacomplex lymphaticand
vascular network. Blood flow to the skin accounts for approximately
5% of cardiac output during steady state, which increases up to 60%
when extreme thermoregulation is required®®.

This dense vascular systemhas a crucial role during wound repair,
and neovascularization via vascular endothelial growth factor signal-
lingis stimulated across multiple cell typesin the skin, such as keratino-
cytes, macrophages and fibroblasts, in response to injury’. Lipids
and fatty acids are also present in the skin and have arole not only in
barrier permeability® but also ininflammation resolution and optimal
wound repair through phospholipid metabolites, including bioactive
fatty acids and lipid mediators’. Therefore, the skinhas a crucial rolein
host defence and, when it becomes dysregulated, the cardiovascular
system can be affected inanumber of ways. For example, the skin can
be a source of infection or chronic inflammation that promotes car-
diometabolic disease. Similarly, cardiometabolic diseases can result
inabnormal skin function and disease.

Inthis Review, we summarize key aspects of dermatology that are
of relevance to clinical and investigational cardiology, based on our
experience and expertise. We discuss specific skin findings associated
with cardiovascular diseases to aid in diagnosis; important cutaneous
adverse effects of common cardiovascular therapies, for the purpose
of treatment monitoring; and the effect of dermatological diseases

such as psoriasis (Fig. 1) and dermatological treatment on cardiovas-
cularrisk. Some topics are well established scientifically and clinically,
whereas others are emerging or have conflicting data that we highlight
inthe hope of stimulating further research.

Skin findings of diseases relevant to cardiology
Avariety of adaptive and pathological cardiovascular and cardiometa-
bolic pathways produce skin findings that can be useful for clinical
diagnosis. The following key examples, listed in alphabetical order,
describe skinsigns and symptoms that are associated with cardiovas-
cularor cardiometabolic conditions, together with clinicalimplications
for diagnosis or management. The conditions, with some additional
examples, are summarized in Table 1.

Acute rheumatic fever

Acute rheumatic feverisadelayed complication of pharyngeal and skin
infections with Streptococcus pyogenes (which canalso trigger guttate
psoriasis)'°. The disease is an autoimmune response to the bacteria
occurring 1-5 weeks after infection, and affects the heart, joints and
central nervous system'-2, Pancarditis is the major cardiac manifesta-
tion of acute rheumatic fever, occurring in more than 50% of patients,
and the most common and specific complication, with long-lasting
implications, is valvulitis of the mitral and/or aortic valves™. Erythema
marginatum (pink, blanching, enlarging and shifting annular and poly-
cycliclesions onthe trunk and limbs) and subcutaneous nodules (less
than2 cmindiameter, firm, painless and mobile) occurinless than 5%
of patients. Although uncommon, erythema marginatumis considered
to be highly specific for acute rheumatic fever'",

Cardiac amyloidosis

Amyloidosis affects many organs and is a cause of restrictive cardio-
myopathy. Soft tissue involvement, especially periorbital purpura
due to capillary involvement or clotting factor deficiency (10% of
patients) and macroglossia due to soft tissue infiltration of amyloid
(15% of patients), are highly specific inamyloid light chain amyloidosis,
which can also present with muscular pseudohypertrophy, salivary
gland swelling and submandibular soft tissue infiltration'*". By con-
trast, there are no skin-specific findings in patients with transthyretin
cardiacamyloidosis.

Cardiac myxoma and Carney complex

Cardiac myxomas, although rare, are the most common type of pri-
mary cardiac neoplasm. Approximately 7% of cardiac myxomas occur
as part of Carney complex, a rare genetic syndrome characterized
by multiple tumours, lentigines on the skin (particularly on the face,
vermilionborder of the lips and conjunctiva’®), increased risk of devel-
oping several types of cancer and myxomas in various organ systems,
including cardiac myxomas in 20-40% of patients". Approximately
30-55% of patients can also have skin myxomas, which appear as small,
sessile, pink papules or pedunculated lesions, typically on the eyelids,
ears or nipples'®. Lentigines and cardiac myxomas are the two major
manifestations of Carney complex, so recognition of Carney complex
should promptechocardiographicimaging. Alternatively, the presence
of abundant lentigines in someone with a history of cardiac myxoma
should prompt evaluation for Carney complex”.

Ehlers-Danlos syndromes
The Ehlers-Danlos syndromes (EDS) are a group of 14 heteroge-
neous and heritable connective tissue disorders associated with
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hyperextensibility and fragility of the skin, abnormal wound healing,
hypermobility of joints and potential involvement of many organ
systems'®, Important cardiovascular complications include abnor-
malities in the arterial vasculature, in particular the formation and
rupture of aneurysms, as well as rare dysfunction of the cardiac valves'®.
Among patients in a 35-year registry with vascular EDS type, which is
the second most common form of EDS with a known molecular basis
after classic EDS, 78% had arterial abnormalities and 46% had arterial
aneurysms'®'"’, Aneurysms associated with EDS are found throughout
the vasculature, including in large vessels such as the aorta, carotid
arteries and intracranial vessels, and as many as 65% of patients who
have any aneurysms are found to have multiple aneurysms after fur-
ther evaluation®. Arterial pathology is also found at lower rates in
patients with non-vascular EDS*. A survey of European expert centres
for vascular EDS found that most performed regular arterial screening
in asymptomatic patients, usually with a combination of magnetic
resonance angiography, CT angiography and/or ultrasonography, and
atintervals of 1-5 years based on the individual history and risk of the
patients®. Other than surgical or endovascular treatment of existing
aneurysms, no medical treatments are approved by regulatory agencies
for managing aneurysmsin patients with EDS, although 3-blockers are
conventionally used. Celiprolol, a ,-adrenergic receptor antagonist,
partial B,-adrenergic receptor agonist and weak a,,-adrenergic receptor

Lipid-lowering and

Shared genetic factors
« Coronary artery disease
and psoriasis GWAS

Dysregulated plasma lipids
and platelet activation

antiplatelet therapies /\-Antihypertensive drugs

antagonist, might be beneficial in preventing arterial rupture in patients
with vascular EDS, according to several limited studies® . Celiprolol
isavailable in many European countries but is not approved for use in
Canada or the USA*.

Infective endocarditis

Infective endocarditis can produce several skin signs caused by micro-
emboli. Splinter haemorrhages appear as small red-brown or black
longitudinal streaks under the nail plate, and a proximal location on the
nail plate has greater diagnostic value, because distal splinter haemor-
rhages can commonly result from minor trauma to the nail. Janeway
lesions appear as painless, irregular, non-blanching, erythematous mac-
ules and papules on the palms and soles. Osler nodes are painful, red
papules and nodules with a pale centre on the fingertips. Septic emboli
from vegetation on the heart valves can cause ischaemia in the distal
toes and fingers and can present as reticulated purpura, purple digits
or, rarely, tissue necrosis or gangrene. The percentages of patients
with endocarditis who have splinter haemorrhages, Janeway lesions
or Osler nodes are estimated to be 8%, 4-5% and 2%, respectively”**.

Kawasaki disease
Kawasaki disease is a multisystem inflammatory disease with an
incidence of 25-250 cases per 100,000 children, depending on the

Risk factor modification
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Fig.1|Breaking the cycle of cardiovascular disease in psoriasis. Psoriasis
and atherosclerotic cardiovascular disease have shared genetic, pathogenic,
environmental and behavioural risk factors. Studies have identified genetic loci
that contribute to both psoriasis and cardiovascular disease, including IFIHI
and IL23A'°%, PCSK9 (ref. 211), PSORS2, PSORS3 and PSORS4, CDKALI,and APOE
(encoding the apolipoprotein E4 isoform)??, and genes encoding proteins
related to coronary artery disease”” and triglycerides'”. Environmental risk
factors suchas smoking, stress and low levels of exercise also affect the risk and
severity of both psoriasis and cardiovascular disease. Physiological changes
characteristic of psoriasis, including dysregulated plasma lipids, heightened
immune activation and metabolic dysfunctionin the skin, and cardiovascular risk

o Platelet-leukocyte aggregates
e IFNy, IL-1B, IL-6, IL-8, IL-17, IL-23,
Angiogenesis

Epidermal hyperproliferation,
leading to increased uric acid levels

« Biologic therapies

factors that are frequently undertreated, further contribute to the risk of adverse
cardiovascular events®?. Clinical interventions that modify immune activity and
control dyslipidaemia and other cardiovascular risk factors might help to reduce
some of the cardiovascular risks in individuals with psoriasis. GLPIR, glucagon-
like peptide 1receptor; GWAS, genome-wide association study; MASH, metabolic
dysfunction-associated steatohepatitis; NETosis, neutrophil extracellular
trap-dependent cell death; T,,1, T helper 1 cell; T,17, T helper 17 cell; TNF, tumour
necrosis factor. Skin histology image courtesy of R. Elenitsas. Atherosclerosis
histology image courtesy of PathologyOutlines.com, contributed by R. F. Corliss
and].]. Schulte. Psoriasis image courtesy of J. M. Gelfand.
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Table 1| Selected diseases and conditions with skin findings relevant to cardiology

Conditions and Clinicalimages Skin features
diseases

Cardiovascular and cardiometabolic associations

Dark, thick and course plaques on
the neck and flexural areas and,
occasionally, acral areas

Acanthosis nigricans

Obesity and insulin resistance, with 15-35% of
people with acanthosis nigricans and no known
history of insulin resistance being diagnosed with
type 2 diabetes mellitus on evaluation'"%; rarely,
cancer (gastrointestinal adenocarcinoma'”’) or
medication (niacin or insulin®) is responsible for
the skin condition

Erythema marginatum (pink, blanching,
enlarging, shifting annular and
polycyclic lesions on trunk and limbs)
and subcutaneous nodules (<2cm in
diameter, firm, painless and mobile)

Acute rheumatic fever

Pancarditis in more than 50% of patients, with the
most common complications being valvulitis of
the mitral or aortic valves™

Painful skin lesions beginning as
violaceous mottling and livedo
reticularis, progressing to firm purpuric
plaques and nodules, and then to black
eschars and ulcers

Calciphylaxis

Mortality of 50% at 1 year, primarily due to
sepsis and infection'’’; usually occurs in patients
with end-stage renal disease or other kidney
dysfunction; 20% of people with calciphylaxis
do not have renal disease, termed non-uraemic

calciphylaxis'®

Periorbital purpura and macroglossia
are highly specific in amyloid light chain
amyloidosis'"®; no skin-specific findings
in transthyretin cardiac amyloidosis

(Cardiac) amyloidosis

Amyloidosis is one of the leading causes of
restrictive cardiomyopathy, which can lead to low
cardiac output, heart failure and death™

Abundant lentigines on the skin as part
of Carney complex, particularly on

the face, vermilion border of the lips,
and conjunctiva; skin myxomas can be
present on the eyelids, ears or nipples'

Cardiac myxoma and
Carney complex

7% of cardiac myxomas occur as part of Carney
complex, a rare genetic syndrome characterized
by multiple tumours, lentigines on the skin, greater
risk of developing several types of cancer, and
myxomas in various organ systems, including
cardiac myxomas in 20-40% of patients"”

Nature Reviews Cardiology | Volume 22 | May 2025 | 354-371

357


http://www.nature.com/nrcardio

Review article

Table 1 (continued) | Selected diseases and conditions with skin findings relevant to cardiology

Conditions and Clinicalimages

Skin features

Cardiovascular and cardiometabolic associations

diseases
Cutis laxa Hyperextendable skin that does not Risk of severe cardiopulmonary complications,
or is slow to return to original shape, including cardiomyopathy, aortic root dilatation,
appearing loose and pendulous pneumothorax and cardiopulmonary failure™'
Cyanosis Blue discoloration of the skin or mucous  Central cyanosis suggests a cardiopulmonary
membranes, best assessed in areas with  disease; concurrent vital sign instability
thin skin and abundant blood supply suggests septic shock; cyanosis following
(cheeks, nose, ears or oral mucosa)'® exposure to an oxidizing agent (dapsone, sulfur-
containing drugs, topical benzocaine) suggests
methaemoglobinaemia, in which oxygen saturation
measured on pulse oximetry can be falsely normal
due to the unique light absorption patterns of
methaemoglobin'®; vasospasm in response to
cold exposure can cause peripheral cyanosis
Diagonal earlobe Diagonal wrinkle across the earlobe Observational studies report an association with
crease from the tragus to the edge of the coronary artery disease and worse survival after

earlobe

myocardial infarction; a review of 13 studies found
that its diagnostic accuracy was insufficient for
routine use in screening'®

Ehlers-Danlos
syndromes

Disorders generally share
hyperextensibility and fragility of the
skin, abnormal wound healing and
hypermobility of joints

Arterial aneurysms and rupture are common in
vascular Ehlers-Danlos syndrome and occur at
lower rates in other types of the syndrome; cardiac
valve dysfunction is rare'®"®
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Table 1 (continued) | Selected diseases and conditions with skin findings relevant to cardiology

Conditions and
diseases

Clinicalimages

Skin features

Cardiovascular and cardiometabolic associations

Erythroderma

Clinical syndrome of widespread
erythema of the skin

Associated with skin barrier defects and can cause
widespread dilatation of blood vessels, fluid and
heat loss, infection and high-output heart failure

if untreated'®

Infective endocarditis

Splinter haemorrhages (small
red-brown or black longitudinal streaks
under the nail plate), Janeway lesions
(painless, irregular, non-blanching,
erythematous macules and papules on
the palms and soles) and Osler nodes
(painful, red papules and nodules with a
pale centre on the fingertips); ischaemia
of distal digits can present as reticulated
purpura, purple digits, tissue necrosis
or gangrene

Embolic events, congestive heart failure, cardiac
conduction abnormalities, stroke, cardiogenic
and septic shock, and death”®

Kawasaki disease

Bilateral, non-exudative conjunctival
injection; oral mucosal changes,
including red, dry, cracked lips,
pharyngeal erythema or strawberry
tongue; erythema of palms and soles
or swelling of the hands and feet
during the acute phase, or periungual
desquamation of the fingers and
toes during the subacute phase; rash
that is erythematous, morbilliform,
scarlatiniform or targetoid

One of the most common causes of acquired
heart disease in children in Europe, Japan and
North America due to coronary artery aneurysms,
thrombosis and stenosis?**°; coronary artery
aneurysms can develop in 25% of untreated
patients, although timely initiation of treatment
reduces this complication to 4%

Lower extremity ulcers

©2024 VisualDx

Ulcers with variable appearance
and surrounding skin findings based
on cause (pictured is a venous leg
ulcer in the gaiter area, with typical
bluish-brown discoloration)

Commonly associated with peripheral artery
disease, chronic venous disease or neuropathy,
with risk of infection
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Table 1 (continued) | Selected diseases and conditions with skin findings relevant to cardiology

Conditions and
diseases

Clinicalimages

Skin features

Cardiovascular and cardiometabolic associations

Noonan syndrome

with multiple

Multiple lentigines and distinct facial
features

Substantial risk of hypertrophic cardiomyopathy
and possible abnormalities with left ventricular

lentigines outflow tract obstruction, pulmonary valve
stenosis, valvular abnormalities or conduction
abnormalities®*"'
Pseudoxanthoma Yellow, flat-topped, and discrete and Mineralization of arterial vessels can lead to
elasticum confluent papules in the creases of the gastrointestinal bleeding, intermittent claudication,
neck, perineum, axillae, umbilicus and hypertension and, rarely, early myocardial
flexural folds; calcification of the skin infarction'®"¢®
and infiltrative mucosal lesions can
also occur
Sarcoidosis Macules, papules and plagues that are Cardiac involvement in sarcoidosis is an important

red, violet or brown; subcutaneous
and palpable nodules (Darier-Roussy
sarcoidosis); and lupus pernio, a type
of sarcoidosis with characteristic
violet, indurated plaques on the nose
and central face; also non-specific
skin manifestations such as erythema
nodosum

source of morbidity and mortality due to the risk of
heart failure and arrhythmias'®’; some data suggest
that cutaneous involvement with sarcoidosis is
associated with a higher prevalence of cardiac
involvement in Black patients, who also have a
higher risk of more severe systemic disease'®®'®®

Takayasu arteritis

Skin lesions resembling erythema
nodosum or pyoderma gangrenosum
and Raynaud phenomenon

Commonly presents with limb claudication that
can progress to limb pulselessness, dizziness
and hypertension and, eventually, stroke, acute
coronary syndrome or bowel infarction

Xanthomas

Variable presentation of lipid deposits
on the skin

Eruptive xanthomas, tuberous xanthomas,
tendinous or tendon xanthomas, and palmar
xanthomas can be associated with lipid disorders
and the risk of cardiovascular disease; xanthelasma
are typically not specifically associated with
underlying lipid disorders, and plane xanthomas
are associated with cholestatic disorders,
paraproteinaemias and lymphoproliferative
diseases

Image of diagonal earlobe crease reproduced with permission from ref. 190. Images of infective endocarditis courtesy of M. Rosenbach. Image of pseudoxanthoma elasticum courtesy of M.
Lebwohl. Images of xanthomas courtesy of C. Samlaska. All other images reproduced with permission from VisualDx.
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country”’. Kawasaki disease is one of the most common causes of
acquired heart diseasein childrenin North America, Europe andJapan
due to coronary artery aneurysms, thrombosis and stenosis***°. The
cause of Kawasaki disease is unknown but is suspected to be due to
anunknown viral pathogen leading to activation of IL-1signalling and
systemic inflammation®. Diagnostic criteria based on US guidelines
include anintermittent high fever for at least 5days and having at least
four out of five clinical features: bilateral, non-exudative conjunctival
infection (89-92% of patients®-**); oral mucosal changes, including
red, dry, cracked lips, pharyngeal erythema or strawberry tongue
(88-97%); erythema of the palms and soles or swelling of the hands
and feet during the acute phase, or periungual desquamation of the
fingers and toes during the subacute phase (76-87%); arash that is
erythematous, morbilliform, scarlatiniform or targetoid (84-96%); or
cervicallymphadenopathy >1.5 cmin diameter (63-79%)*****. The 2020
Japanese guidelines consider fever as a major clinical feature rather
thananecessary feature, and these guidelines also omit requirements
for the duration of fever due to the high rate of treatment initiation
before 5 days of fever™.

Coronary artery aneurysms can develop in 25% of untreated
patients with Kawasaki disease, although timely initiation of treatment
reduces this complication to 4%%. The US guidelines recommend echo-
cardiography to evaluate coronary and other cardiac abnormalities
assoon as Kawasaki disease is suspected, although treatment should
not be delayed for this evaluation, and a normal echocardiogram in
the first week of illness is common and does not rule out Kawasaki
disease®. Patients without complications should receive follow-up
echocardiography1-2 weeks and 4-6 weeks after treatment, although
patients with expanding large aneurysms can be evaluated more fre-
quently. Standard treatment includes intravenous immunoglobulin
therapy and aspirinto prevent coronary aneurysms. A review of eight
randomized controlled trials found that the adjunctive use of corti-
costeroids had moderate-certainty evidence for reducing coronary
artery abnormalities, inflammatory markers and duration of hospital
stay, without severe adverse events, when used as first-line treatment
alongside intravenous immunoglobulin therapy during the acute
phase of disease?*°. Another review of four randomized controlled
trials found that the use of infliximab as a second-line therapy had
moderate-certainty evidence for possibly reducing the incidence of
treatment resistance inrefractory Kawasaki disease®”””. The US guide-
lines recommend that ciclosporin, plasma exchange and cytotoxic
agents such as cyclophosphamide be considered only in patients who
arerefractory to multiple courses of treatment”. Long-term thrombo-
prophylaxis with low-dose aspirin, antiplatelet agents, -blockers or
statins canbe considered based on the size and progression of residual
coronary aneurysms>>,

Lower extremity ulcers

Lower extremity ulcers are important skin findings that should trigger
anevaluationof'the vascular health of a patient. Several common causes
arepossible. Peripheral artery disease can present with painful ulcers
withirregular borders and a pale base due to arterial occlusion and
ischaemia, most often on the tips of the toes or heel of the foot. These
ulcers are associated with surrounding hair loss, coldness, cyanosis,
and thickened and malformed toenails and, in severe cases, the skin can
become atrophic, dry and shiny, and gangrene can develop. Chronic
venous disease presents with lower extremity ulcers below the knee,
typically in the ‘gaiter’ area proximal to the medial malleolus, and is
associated with skin fibrosis, varicose veins, oedema, leg pain, stasis

dermatitis and lipodermatosclerosis. Neuropathic ulcers develop with
acombination of neuropathy (most commonly secondary to diabetes
mellitus) and pressure points, making the heel and metatarsal heads of
the foot common locations for presentation. Lower extremity ulcers
are evaluated using acombination of ankle-brachial index, pulse vol-
ume recordings and CT-guided imaging approaches. Inthe absence of
arterial disease, venous insufficiency can be diagnosed clinically and
occasionally using venous reflux studies. If neuropathy is present, the
cause should be determined. The presence of purulence, wet gangrene,
orsurrounding tissue erythema and swelling should prompt evaluation
for infection®.

Noonan syndrome with multiple lentigines

Noonan syndrome with multiple lentigines (NSML), previously named
LEOPARD syndrome, is part of the RASopathy group of developmental,
multisystem disorders that have mutations inthe RAS pathway and are
associated with a substantial risk of hypertrophic cardiomyopathy®.
NSML most commonly presents with multiple lentigines on the skin
(86% of patients), particular facial features such as abroad forehead and
wideset, droopy eyes (90%), structural cardiac abnormalities (71%)
andsensorineural deafness (25%)*°. Hypertrophic cardiomyopathy and
concomitant left ventricular outflow tract obstruction comprise the
majority of cardiac abnormalities in NSML, and patients can also
have pulmonary valve stenosis, valvular abnormalities or conduction
abnormalities*. Medical therapy should be used in patients with NSML
who are found to have hypertrophic cardiomyopathy to reduce the
risk of heart failure®.

Takayasu arteritis

Takayasu arteritis is a rare, large-vessel vasculitis affecting the aorta
and its major branches. The condition commonly presents with limb
claudication that can progress to pulselessness in the limb, dizziness
and hypertension and, eventually, stroke, acute coronary syndrome
or bowel infarction. In several case series, 26-32% of patients with
Takayasu arteritis developed skin lesions, including lesions resem-
bling erythema nodosum or pyoderma gangrenosum and Raynaud
phenomenon*>*, Diagnosis is made based on a high index of clini-
cal suspicion in patients who can present with asymmetric pulses
(a>10 mmHg difference inblood pressure between the arms) and limb
claudication. Diagnosis is frequently made with acombination of CT
and MRI. Characteristic coronary findings in patients with Takayasu
arteritis are usually of the coronary ostium. Ifalesionis clinically sig-
nificant enough to require a coronary artery bypass graft, the left
internal mammary artery should be assessed before bypass surgery,
to exclude mammary artery involvement**. Skin biopsy samples often
show vasculitis, differentiating the lesion from typical erythema
nodosum®,

Xanthomas

Xanthomas are localized lipid deposits on the skin that are themselves
benign, but which canbeindicative of a primary or secondary disorder
of lipid metabolism*®. Xanthelasma are the most common form of
xanthoma (with all other types being rare) and are yellow macules,
papules or plaques that usually appear on the upper eyelids near to
the inner canthus and are not specifically associated with underlying
lipid disorders*. Eruptive xanthomas appear as red-yellow papules on
the extensor surfaces of extremities and the buttocks, oftenforming a
confluentrash, and are associated with severe hypertriglyceridaemia*.
Tuberous xanthomas appear as pink, red or yellow nodules in areas of
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Fig.2| Amiodarone-induced pigmentation on the face. Pigmentation on the
cheek, sparing the nasolabial folds, is seen in a patient taking the antiarrhythmic
drug amiodarone. Image courtesy of H. Lim.

skin that frequently experience pressure and can be associated with
familial hypercholesterolaemia, which presents with plasmaLDL cho-
lesterol levels 0of 350-500 mg/dl or higher***5~**, Tendinous (or tendon)
xanthomas appear as firm, subcutaneous nodules in fascia, ligaments
and extensor tendons and can be found in as many as 30% of people
with any type of familial hypercholesterolaemia®'. One meta-analysis
showed that, among people with familial hypercholesterolaemia, the
presence of tendinous xanthomas was associated with a 3.2-fold higher
risk of developing cardiovascular disease than those without tendinous
xanthomas®?. Palmar xanthomas appear as yellow nodules or plaques
affecting the flexural surfaces of fingers and the creases of palms and
soles and are associated with familial dysbetalipoproteinaemia. Plane
xanthomas, which appear as yellow to orange lesions on the axillae,
neck, shoulders or buttocks, are associated with cholestatic disorders,
paraproteinaemias and lymphoproliferative diseases. Clinicians who
identify lipid-related xanthomas should screen patients for underly-
ing dyslipidaemia. Young patients with xanthomas or patients with
suspected familial dyslipidaemias should receive lipid screening (which
generally can start as young as 2 years of age), counselling and lipid
screening of all first-degree relatives®.

Skin effects of cardiovascular therapy
Photosensitivity and photocarcinogenesis

Photosensitivity skin reactions are caused or exacerbated by sunlight
exposure. Reactions can be phototoxic or photoallergic, with photo-
toxic reactions being most relevant to cardiology. Phototoxicity is
caused by direct cellular damage from photoactivated compounds
via a non-immunological pathway (often by generation of reactive
oxygen species)®.

Thiazide diuretics cause photosensitivity through exposure to
ultraviolet A, resulting inlipid peroxidation and DNA damage. Hydro-
chlorothiazide, which is most commonly associated with thiazide-
related photosensitivity, is estimated to cause phototoxicity in1in
100 to 1in 10,000 patients®. Even in the absence of clinical signs
or symptoms of phototoxicity, increasing evidence supports asso-
ciations between hydrochlorothiazide use and an increased risk of
cutaneous squamous cell carcinoma, with the risk of squamous cell
carcinoma increasing with higher cumulative doses of hydrochloro-
thiazide™. Amiodarone causes phototoxicity in 25-75% of patients
and can cause blue-grey discoloration of sun-exposed skin in 4-9%
of patients™ (Fig. 2), possibly due to deposition of the drug and its

metabolitesin dermal tissue*®. The development of skin discoloration
isrelated to cumulative doses of >40 g after at least several months of
treatment”’, although discoloration has also been reported at lower
doses®®. Withdrawal of amiodarone can reverse blue-grey discolora-
tion in some but not all patients, and pigmentation can take months
or years to disappear. Other common cardiovascular drugs reported
to cause phototoxicity include some angiotensin-converting enzyme
inhibitors, angiotensin receptor blockers, dihydropyridine calcium
channel blockers and statins, although the incidence of phototox-
icity with these drugs is not well known***, Patients taking photo-
sensitizing drugs should be counselled on sun protection, including
wearing clothes with an ultraviolet protection factor of at least 30-50
and a broad-acting sunscreen that blocks both ultraviolet A and
ultraviolet B.

Those with orthotopic heart transplants are another high-risk
group for the development of skin cancers, including melanomas, squa-
mous cell carcinomas and basal cell carcinomas, due to lifelong antire-
jectiontherapies, with 25-38% of patients developing non-melanoma
skin cancer within 10 years of transplantation®®"*%, Rarely, Kaposi sar-
coma can occur, with the highest risk after lung transplantation, but
the overall risk has declined over time due to changes inimmunosup-
pression regimens®***, Heart-lung and heart transplant recipients
(together with lung transplant recipients) develop skin cancer at higher
rates than recipients of any other solid-organ transplant®. Expert
consensus guidelines endorsed by the International Society for Heart
and Lung Transplantation and the International Transplant Skin Cancer
Collaborative recommend that all heart transplant recipients receive
skin cancer screening from a dermatologist within 2-5 years of trans-
plantation, with continued and individualized follow-up screening
with adermatologist. Heart transplant recipients with a history of skin
cancer shouldimmediately establish dermatologist care for individu-
alized skin cancer screening. The guidelines also note that: “Ideally,
transplant providers should ask patients about new skin complaints at
every visit and refer promptly for evaluation if necessary”®. Although
these guidelines do not specify screening intervals, skin cancer screen-
ingguidelines for other solid-organ (suchaskidney or liver) transplant
recipients with comparatively lower rates of skin cancer recommend
annual screening®. Prediction models that include race/ethnicity,
age, sex, history of skin cancer and type of transplant can be used to
risk-stratify patients®.

Chroniceczematousreactions

Inolder adults, the chronic use of calcium channel blockers or diuret-
ics is associated with an increased risk of chronic eczematous skin
reactions®*”°, Alongitudinal study of 1.5 million older adults found that
patients whoreceived diuretics or calcium channelblockers developed
eczematous dermatitis with hazard ratios of 1.21and 1.16, respectively,
compared with patients who did not receive these medications, after
adjusting for sociodemographic characteristics, health-care utiliza-
tion and chronic kidney disease®®. The mechanism for this reaction
is not well understood but might be associated with drug-induced
uptake and retention of ironin keratinocytes, causing spongiosis and
desquamation’. These reactions present as widespread, persistent,
intensely pruritic eczema-like rashes on the skin that develop several
months after initiation of the responsible drug and can be difficult to
treat. The skin reaction resolves in most patients after withdrawal of
the drug, but others require further treatment, such as emollients,
topical steroids, antihistamines or systemic treatments, for more
severe cases’’.
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Allergic and irritant contact dermatitis

Allergic and irritant contact dermatitis are, respectively, a type IV
hypersensitivity reaction and a non-specific inflammatory response
that can develop through repeated contact with external devices and
artificial implants, including electrocardiogram electrodes, outpa-
tient cardiac device monitors, adhesives, conductive gel or, rarely,
cardiacrhythm devices. These reactions present as pruritus, erythema,
oedema, crusting, vesicles or pustules at the site of contact, usually
developing 24-72 h after exposure and reaching their peak at 72-96 h.
Although nickel allergies are common, nickel found in electrocardio-
graphy electrodes is only rarely implicated in contact dermatitis’”>.
Testing material on an unaffected area of skin is an expedient way to
evaluate for contact dermatitis, and patch testing provides the most
definitive diagnosis. Management includes substituting the offend-
ing material for an alternative if possible, or using a topical steroid
spray before application of the device™. Rarely, allergic reactions
to implanted cardiac devices (such as pacemakers or implantable
cardioverter-defibrillators) can present with skin findings at the
implantationsite, suchas erythema, oedema, pain or pruritus, and aller-
gic reactions can be confirmed with positive patch tests. Intheserare
cases, extraction of the device might be necessary”™’®. Coronary stent
restenosis has been reported in patients with patch test-confirmed
allergies to common stent metals, such as nickel and chromium, but
larger, prospective studies are needed to determine whether metal aller-
gies causally contribute to stent restenosis or whether metal allergies
are common and incidental findings”’.

Niacin-associated skin toxicity

Niacinis associated with vasodilatation-induced flushing and redness
of the skin, especially oninitiation, which is reported in >60% of clini-
cal trial participants, and results in drug discontinuation in 5-20% of
individuals. Although niacin is no longer commonly used to treat
dyslipidaemia’”, before niacinisinitiated, patients should be counselled
on the possibility of a flushing reaction and strategies to mitigate the
reaction, including gradual dose escalation, taking the medication
with food or taking a non-steroidal anti-inflammatory drug shortly
before use®>*.,

Non-specific and rare cutaneous reactions

Almost any drug can produce reactions on the skin and it can be dif*-
ficult for clinicians to account for all possible drug reactions. Rather
than knowing all possible cutaneous reactions to all drugs, clinicians
should be familiar with the mostimportantand common reactions and
ask patients about new adverse effects as part of routine medication
monitoring. Non-specific cutaneous reactions to drugs, including
morbilliform rashes and urticaria, can occur due to almost any drug,
including hydrochlorothiazide, nitroglycerin, propranolol and spirono-
lactone, usually at rates of <0.1%%.. A wide range of rare but serious
drugreactions have beenreported in association with cardiovascular
drugs, including: Stevens-Johnson syndrome and toxic epidermal
necrolysis associated with diuretics®’; acute generalized exanthema-
tous pustulosis associated with diltiazem®; angioedema associated
with angiotensin-converting enzyme inhibitors®®¢; subacute cutane-
ous lupus erythematosus associated with calcium channel blockers,
thiazide diuretics and angiotensin-converting enzyme inhibitors®’;
skin ulceration associated with nicorandil®**’; and skin necrosis asso-
ciated with anticoagulants such as warfarin’®. New skin signs should
prompt clinicians to review the medication list for recently initiated
medications and to consider referral to dermatology for evaluation.

Cardiovascular effects of skin disease

Psoriasis

Several inflammatory skin diseases have been associated with an
increased risk of cardiovascular disease, with evidence being most
extensive for psoriasis. Psoriasis is disease of the skin and joints medi-
ated by Thelper1and T helper17 cells, and affects more than 60 million
people worldwide”.. Psoriasis is characterized by red, thick and scaly
plaques that itch, crack and bleed. Psoriasis is associated with aortic
and coronary artery inflammation, atherosclerosis (including coro-
nary plaques with high-risk, lipid-rich necrotic cores), insulin resist-
ance, diabetes, dyslipidaemia (including impaired HDL function and
pro-atherogenic lipid profiles), chronic kidney disease, metabolic
dysfunction-associated steatotic liver disease, myocardial infarction,
stroke and cardiovascular death®*'°*, The risk of diabetes, cardiovas-
cular disease and death increases with increasing surface area affected
by psoriasis, and patients with moderate to severe psoriasis have a
5-year reduction in life expectancy, with excess cardiovascular death
contributing the most to this reduction'*'%,

The relationship between psoriasis and atherosclerotic vascular
diseaseis thought to be multifactorial, involving shared environmental
(infection, obesity and smoking) and genetic risk factors®*'%° (Fig. 1).
Mendelian randomization studies suggest that the genetic factors
associated with psoriasis might cause cardiovascular disease and that
the genetic factors associated with coronary artery disease might cause
psoriasis'®'°%, Rare variantsin genes such as CARD14, DDX58 and IFIH1,
which encode proteins in the type l interferon and innate immunity
pathways, have beenimplicatedin cardiovascular disease, such as the
monogenic Singleton-Merten syndrome (caused by variantsin DDX58
or IFIHI), whichis associated with both valve and vascular calcification
and psoriasis'® ™",

The cutaneous inflammatory response in psoriasis closely par-
allels that which occurs in atherosclerosis. The upregulated pro-
atherosclerotic cytokines present in lesional psoriatic skin include
IL-6-related proteins, IL-8, interferon-y and TNF"% These proteins, aswell
asautoreactive CD4"and CD8'T cells, circulate systemically. The NLRP3
inflammasome signalling pathway (IL-1B to IL-6) is highly upregulated
inpsoriasisand hasacausalrolein atherosclerosis and cardiovascular
events'” ™, The role of IL-17 and IL-23, which are crucial cytokines in
psoriasis, is less clearin atherosclerotic cardiovascular disease, inwhich
studiesindicate both pro-atherogenic and anti-atherogenic effects™’.
Both lymphocyte platelet aggregates and neutrophil platelet aggre-
gatesareincreased in psoriatic disease, are presentin psoriatic plaques
and promote vascular endothelial damage™®. Neutrophils predominate
in psoriatic plaques and formneutrophil extracellular traps, potentially
via interaction with platelets'?, and a similar process also occurs in
atherosclerosis viastimulation by NLRP3 inflammasome mediators'’.

Invivo studies show that the same microvascular endothelial cell
inflammation present in the skin of patients with psoriasisis also pre-
sent inthe microvasculature of other tissues™, and the degree of pso-
riatic activity directly correlates with arterial macrophage metabolic
activity”. Oxidized lipid mediators are present in psoriatic skin'*, and
the circulating levels of both oxidized LDL and HDL are associated
with the extent of atherosclerotic plaque in patients with psoriasis'®.
Cathelicidin antimicrobial peptide LL-37 is produced by psoriatic
skin in humans and increases LDL uptake in macrophages and the
development of atherosclerosis'?. Visceral but not subcutaneous
adipose tissue secretes cytokines such as TNF, and the levels of this
cytokinedirectly correlate with psoriatic disease activity and vascular
inflammation'>*', Insulin resistance is associated with psoriasis and
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perpetuates a systemic pro-inflammatory state, given that advanced
glycosylation end products are seen in the skin and serum of patients
with psoriasis'®. Elevated circulating triglyceride levels have been
shown to be a causal risk factor for psoriasis'”’. Additional pathophysi-
ological connections include epidermal proliferation in psoriasis,
which promotes an oxidative state and hyperuricaemia, as well as
chronic angiogenesis, with circulating levels of vascular endothelial
growth factor correlating with psoriasis severity'*'?.

Advances in genetics, immunology, cardiovascular imaging,
medical informatics and epidemiology have redefined psoriasis as
a systemic disease with substantial cardiometabolic morbidity and
mortality®”. In psoriasis, traditional cardiovascular risk factorsact syn-
ergistically withanalready primed and dysregulated immune system to
promote cardiovascular disease’**. Cardiology guidelinesin the USA
identify psoriasis as a cardiovascular risk enhancer that necessitates
earlier and more intensive prevention and treatment of cardiovascular
risks”’. Dermatology guidelines in the USA also recommend earlier
and more intensive screening of cardiovascular risks in patients with
psoriasis®%. Similar guidelines for cardiovascular screening in pso-
riasis have been published by dermatology and cardiology societies
worldwide, including in Europe'°, Spain®', Taiwan'*? and the UK'*,
with slight variations in recommendations for screening frequency
and risk calculation.

Despite broad recognition of the importance of cardiovascular
risk management in this population, cardiovascular risk factors in
patients with psoriasis are under-screened and under-managed by
both primary care providers and specialists™**'*. New approaches from
the field of implementation science are being studied to narrow this
evidence-to-practice gap, with the involvement of care coordinators

showing promise'”’.

Emerging evidence in other skin diseases

Emerging evidence suggests that several other primary skin diseases
canalso be associated with adverse cardiovascular outcomes and dis-
eases, including atopic dermatitis, hidradenitis suppurativa, rosacea,
alopecia areata and androgenetic alopecia (Table 2). Further studies
areneeded to confirm these associations and to discern whether these
skin diseases and signs causally affect cardiovascular health or are
markers of worse cardiovascular health.

Cardiometabolic effects of

dermatological treatment

Therapies commonly used for dermatological diseases can have ben-
eficial or harmful effects on the cardiovascular and cardiometabolic
systems (Table 3). Ingeneral, many of the associations found in obser-
vational studies of these therapies require further investigation to
establish causality and uncover possible mechanisms.

Apremilast

Apremilastis asmall-molecularinhibitor of phosphodiesterase 4 used
to treat psoriasis, psoriatic arthritis and Behcet disease and is associ-
ated with weight loss. A clinical trial demonstrated that patients with
psoriasis taking apremilast have a 5-6% reductionin visceral adiposity
that is maintained for 52 weeks, with improvement in aortic vascular

inflammation in those with increased levels at baseline'.

Ciclosporin
Ciclosporinis a calcineurin inhibitor and immunosuppressive agent
that is sometimes used to treat severe psoriasis and severe atopic

dermatitis, among other indications. Adverse effects of ciclosporin
include hypertension and nephrotoxicity'®. Hypertension can be man-
aged with a reduction in ciclosporin dose or with antihypertensive
medication. Because ciclosporin is associated with nephrotoxicity
and is thought to produce vasoconstriction in the renal arterioles,
calcium channel blockers are preferred because they relax vascular
smooth muscle. Conversely, thiazide diuretics and potassium-sparing
diuretics should be avoided due to therisk of potentiated nephrotoxic-
ity and hyperkalaemia, respectively™. Ciclosporin is also extensively
metabolized by cytochrome P450 3A4, and relevant druginteractions
should be considered. Forexample, because co-administration of cer-
tain statins and ciclosporin can produce many-fold increasesin statin
bioavailability and cases of rhabdomyolysis, the American Heart Asso-
ciation recommends avoiding certain statins (lovastatin, pitavastatin
and simvastatin) and carefully considering lower doses of other statins
(atorvastatin, fluvastatin, pravastatin and rosuvastatin) in patients
taking ciclosporin'.

Colchicine

Colchicineisused for avariety of neutrophilic skin diseasesincluding
Sweet syndrome, leukocytoclastic vasculitis and pyoderma gangreno-
sum. Colchicine is approved in the USA to reduce the risk of myocar-
dialinfarction, stroke, coronary revascularization and cardiovascular
deathinadult patients with established atherosclerotic disease or with

multiple risk factors for cardiovascular disease'.

IL-12 and IL-23 inhibitors

The monoclonal antibody ustekinumab targets IL-12 and IL-23 and is
used to treat psoriasis and other conditions such asinflammatory bowel
disease. In early clinical trials of ustekinumab and another inhibitor
of [L-12 and IL-23, briakinumab, a potential safety signal for triggering
major cardiovascular events was observed'*?. A case—crossover study of
ustekinumab showed anincreased risk of cardiovascular events within
the first 6 months of treatment; however, this finding was sensitive to
definitions of duration of ustekinumab use and its interpretation was
limited by the study design'**'**. The majority of observational studies
and phaselland phase Ill placebo-controlled clinical trials have shown
no evidence of adverse cardiovascular effects of this agent'*"¥.Ina
randomized, placebo-controlled trial, ustekinumab reduced aortic
vascularinflammationin patients with psoriasis compared with placebo
at12 weeks, but the effect was not maintained at 52 weeks'*®. The EMA
recommends that risk factors for cardiovascular disease should be
regularly assessed during treatment with ustekinumab'’.

JAK family inhibitors

Januskinase (JAK) family inhibitors, including abrocitinib, baricitinib,
deuruxolitinib, ritlecitinib, ruxolitinib (topical), tofacitinib and upa-
dacitinib, are a new class of immunomodulating drugs used to treat
severe atopic dermatitis, alopecia areata, psoriatic disease and viti-
ligo, among other autoimmune diseases. Regulatory agencies in the
European Union, UK and USA warn of adverse cardiovascular events
associated with the use of JAK inhibitors° "%, primarily based on alarge,
randomized trialin patients with active rheumatoid arthritis who were
aged >50 years and had atleast one additional cardiovascular risk fac-
tor, whichdemonstrated that the risk of major adverse cardiovascular
events was higher with tofacitinib than with TNF inhibitors". By con-
trast, a meta-analysis of short-term follow-up from phase Ill trials of
JAKinhibitors for dermatological conditions found noincreasein the
risk of major adverse cardiovascular events, venous thromboembolism
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Table 2 | Primary skin diseases with cardiovascular and cardiometabolic associations

Skindisease Clinicalimages

Skin features Prevalence

Cardiovascular and cardiometabolic
associations

Psoriasis Red, thick, well-demarcated, scaly 2-3% inthe USA™">  Well-established association
plaques that can itch, crack and bleed with atherosclerosis, insulin
resistance and diabetes mellitus,
chronic kidney disease, metabolic
dysfunction-associated steatotic liver
disease, myocardial infarction, stroke
and cardiovascular mortality®*'%®
Atopic Erythematous papules and vesicles, 6-13% in the USA Emerging evidence of clotting
dermatitis often with crusting or weeping; in and up to 23% dysfunction (venous thromboembolism
the long term, can develop scale, globally™® and cardiovascular disease, including
excoriations and lichenification; myocardial infarction, stroke, pulmonary
follicular accentuation and embolism and early cardiovascular
hyperpigmentation are more mortality) in those with moderate to
common in darker skin severe atopic dermatitis'®*"%°
Hidradenitis Recurrent, malodorous and painful 0.3-1.7%in Emerging evidence of myocardial
suppurativa abscesses in areas of skin rich in American infarction, ischaemic stroke, major
apocrine sweat glands (axillae, groin and European cardiovascular events, cardiovascular
and submammary areas) populations®® mortality and all-cause mortality>*'-**
Rosacea Flushing, erythema, telangiectasia, 5.5% globally?* Emerging evidence of hypertension,

papules and pustules, oedema and/or
pain, often symmetrically affecting the
central face, nose and cheeks

dyslipidaemia, metabolic syndrome®®

and coronary heart disease’”®
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Table 2 (continued) | Primary skin diseases with cardiovascular and cardiometabolic associations

Skindisease Clinicalimages Skin features Prevalence Cardiovascular and cardiometabolic
associations

Alopecia Round, well-circumscribed, bald 0.6-3.8% globally”  Emerging evidence of coronary artery

areata patches with smooth surfaces and total disease, metabolic syndrome and

hair loss

hyperinsulinaemia®®

Androgenetic
alopecia

In men, recession of frontal hairline and
vertex thinning of the scalp; in women,
diffuse thinning of the central and
parietal regions of the scalp

Some evidence for dyslipidaemia?®® and
coronary heart disease””

Very common,
increasing with age

Image of psoriasis courtesy of J. M. Gelfand. All other images reproduced with permission from VisualDx.

or all-cause death compared with placebo or active comparator™*.
JAK inhibitors also induce changes in lipid levels: one meta-analysis
found that JAK inhibitor use in patients with rheumatoid arthritis
was associated with amean increase in plasma LDL and HDL levels by
11.4 mg/dland 8.1 mg/dI, respectively, without a clear associated effect

onthe overall risk of cardiovascular disease'®.

Methotrexate

Methotrexate has been used for decades to treat psoriasis and other
inflammatory diseases. Observational datain patients with rheumatoid
arthritis or psoriasis suggest that methotrexate reduces theincidence
of cardiovascular events, but a trial of methotrexate in patients witha
previous myocardial infarction or multivessel coronary artery disease
with either type 2 diabetes or metabolic syndrome showed noevidence
of benefit on atherosclerotic cardiovascular disease™®.

Minoxidil

Low-dose oral minoxidil is a peripheral vasodilator that has gained
popularity in the treatment of androgenetic alopecia'”, although the
drugisnot currently FDA-approved for this indication (whereas topical
minoxidil is approved). For hair loss, a dose of 0.25-5.00 mg per day
istypically used, compared with the effective dose range of 10-40 mg
per day, with a100 mg per day maximum dose, that is recommended
by the FDA for hypertension™®7¢°, At low doses, oral minoxidil is still
associated with cardiovascular adverse effects, including orthostatic
hypotension, fluid retention and oedema, and sinus tachycardia.
A single-group, retrospective study including 1,404 patients from

tenclinical centresinsix countries who received low-dose oral minoxidil
forany hair loss found that each of these cardiovascular adverse effects
occurred atrates of 1-3% and in a dose-dependent manner'*s, consistent
with findings of previous systematic reviews™’. These adverse effects
canrequire additional medical management if the patient chooses to
continue the medication™®. Low-dose oral minoxidil does not seemto be
associated with certain severe adverse effects observed with higher
doses of minoxidil, such as pericardial effusions'7¢°,

Retinoids

Retinoids, including acitretin, bexarotene and isotretinoin, are usedin
patients with psoriasis, cutaneous T cell lymphoma and acne, respec-
tively. Many patients using oral retinoids develop new or worse dys-
lipidaemia, especially hypertriglyceridaemia'®’. These changes are
usually mild. However, approximately 1.5% of patients using isotretinoin
develop plasma triglyceride levels of >400 mg/dl, and rare cases of
pancreatitis have been reported in clinical trials'*>'®,

TNF inhibitors

The monoclonal antibodies adalimumab, certolizumab, etanercept
and infliximab are TNF inhibitors used to treat psoriasis and hidrad-
enitis suppurativa, among other inflammatory immune-mediated
diseases. Based on pathophysiology, TNF inhibitors were hypo-
thesized to be effective in treating heart failure, but a randomized,
placebo-controlled trial of intravenousinfliximab in patients with New
York Heart Association class IlI-IV heart failure and a left ventricular
ejection fraction of <35% demonstrated an increased combined risk
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of hospitalization for heart failure or all-cause death in the high-dose
(10 mg/kg) group'**. However, asubcutaneous TNF inhibitor (etaner-
cept) did not show adverse cardiovascular effects in two other trials
in patients with heart failure'®. Observational data suggest that TNF
inhibitors are associated with a reduction in the rate of myocardial
infarction in patients with immune-mediated disease'**'*’, and rand-
omized, controlled trial datain patients with psoriasis show that TNF
inhibitors reduce the levels of biomarkers of cardiovascular risk, includ-
ing IL-6, C-reactive protein and glycoprotein acetyls'*'®*. However,
randomized, controlled trials specifically assessing the effect of TNF
inhibitors on cardiovascular outcomesin patients with inflammatory
diseases are lacking.

Ultraviolet phototherapy

Ultraviolet B phototherapy is used for a variety of skin disorders and has
beenshowntoreducethe plasmalevels of C-reactive proteinand IL-6,
and to increase the plasma levels of HDL particles in patients with
psoriasis'. Low-dose ultraviolet A phototherapy transiently lowers
blood pressure in patients with mild hypertension'°. Natural sunlight
exposure is associated with areduction in atherosclerotic disease,
blood pressure and cardiovascular mortality in observational studies,
but these findings might be confounded by other behaviours, such
as exercise”, Additional research is necessary before ultraviolet
radiation can be recommended for the prevention or treatment of
cardiovascular disease.

Table 3 | Effects of dermatological treatments on cardiovascular and cardiometabolic disease

Treatment Class and dermatological indications Cardiovascular and cardiometabolic effects
Apremilast Small-molecular inhibitor of phosphodiesterase 4 used for ~ Associated with weight loss and reduction in visceral adiposity'®
psoriasis, psoriatic arthritis and Behget disease
Ciclosporin Calcineurin inhibitor used for severe psoriasis and severe Hypertension and nephrotoxicity'*’; hypertension can be managed with dose
eczema reduction or antihypertensive medication (preferably calcium channel blockers,
whereas thiazide diuretics and potassium-sparing diuretics should be avoided);
ciclosporin is extensively metabolized by cytochrome P450 3A4, and interactions
with relevant drugs such as statins should be considered
Colchicine Anti-mitotic alkaloid used for neutrophilic skin diseases, Approved in the USA to reduce the risk of myocardial infarction, stroke, coronary
including Sweet syndrome, leukocytoclastic vasculitisand  revascularization and cardiovascular death in adult patients with established
pyoderma gangrenosum atherosclerotic disease or with multiple risk factors for cardiovascular disease™'
IL-12 and IL-23 Monoclonal antibody inhibiting IL-12 and IL-23 used for Mixed evidence on risk of cardiovascular events, with most observational studies
inhibitors psoriasis and phase lI-lll clinical trials showing no evidence of adverse cardiovascular

effects'*'¥’; the EMA recommends that risk factors for cardiovascular disease
should be regularly assessed during treatment with ustekinumab'*®

JAK inhibitors Inhibitors of JAK and signal transducer and activator of
transcription signalling pathways used for severe atopic
dermatitis, alopecia areata, psoriatic disease and vitiligo
and a wide range of other immune-mediated inflammatory

diseases

Regulatory agencies in the European Union, UK and USA warn of adverse
cardiovascular events associated with JAK inhibitors™°"*?, although a meta-analysis
of phase Il trials of JAK inhibitors for dermatological conditions found no
increased risk of major adverse cardiovascular events, venous thromboembolism
or all-cause death compared with placebo or comparator groups™; JAK inhibitors
can alter plasma lipid levels, based on studies in rheumatoid arthritis'>®

Methotrexate Antifolate disease-modifying anti-rheumatic drug used for

psoriatic disease

Observational data in rheumatoid arthritis and psoriasis suggest that methotrexate
reduces cardiovascular events, but a trial of methotrexate in patients with a
previous myocardial infarction or multivessel coronary disease who additionally
had either type 2 diabetes mellitus or metabolic syndrome showed no evidence

of benefit in atherosclerotic cardiovascular disease'™®

Minoxidil Peripheral vasodilator used for androgenetic alopecia

Low-dose (0.25-5.00 mg per day) oral minoxidil, which has gained popularity for
androgenetic alopecia although it is not approved by the FDA for this indication,
is associated with orthostatic hypotension, fluid retention and oedema, and
tachycardia at rates of 1-3% and in a dose-dependent manner™®, but does not
seem to be associated with the severe adverse effects that are observed with
higher doses of minoxidil, such as pericardial effusions'®"®°

Retinoids Vitamin A derivatives used topically or systemically for

cutaneous T cell lymphoma, psoriasis and acne

Risk of mild dyslipidaemia and rare risk of severe hypertriglyceridaemia or
pancreatitis'®'%*

TNF inhibitors Monoclonal antibodies inhibiting TNF used for psoriasis
and hidradenitis suppurativa and a wide range of other

immune-mediated inflammatory diseases

A randomized, placebo-controlled trial of intravenous infliximab to treat heart
failure found an increased combined risk of hospitalization for heart failure or
all-cause death at high doses (10 mg/kg), whereas two randomized, controlled
trials for heart failure showed that subcutaneous etanercept had no significant
effect on similar outcomes'®*'®*; observational data suggest that TNF inhibitors
are associated with a reduction in myocardial infarction in patients with
immune-mediated disease'®®'®’

Ultraviolet light
therapy

Ultraviolet light for psoriasis, eczema, prurigo nodularis,
cutaneous T cell lymphoma, vitiligo and many other
dermatological indications

In psoriasis, ultraviolet B therapy has been shown to reduce plasma levels of IL-6
and C-reactive protein and increase plasma levels of HDL particles™’; low-dose
ultraviolet A therapy transiently lowers blood pressure in patients with mild
hypertension'’’; natural sunlight exposure is associated with a reduction in
atherosclerotic disease, blood pressure and cardiovascular death in observational
studies'”""”*

JAK, Janus kinase; TNF, tumour necrosis factor.
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Conclusions

Skin structure and function have a crucial role in health and disease.
Recognition of common and rare skin conditions relevant to cardiology
provides an opportunity for clinical cardiologists to improve outcomes
in patients. Future studies are needed to define the cardiovascular
effects of emerging dermatological therapeutics. Close collaboration
between dermatologists, cardiologists, clinical scientists and basic
research scientists will be crucial for advancing our knowledge of the
complexinteractionbetween the skin and the cardiovascular system,
so thatindividual and population heath can be improved.

Published online: 13 November 2024
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