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Introduction

Atopic dermatitis (AD) is a common, chronic inflamatory skin disease that affects
children and adults. Several international studiemined the incidence of AD and found a
broad range across different countries and pewvbddbservation (from 2,150 per 100,000
person-years in Denmark 1997-261d 17,600 per 100,000 person-years in Germany?997
While no studies examined the incidence of AD i thited States (US), several studies
explored AD prevalence. The US prevalence of AD %2% (2012 National Health Interview
Survey [NHIS]) to 13% (2007-2008 National Surveyaifildren’s Health [NSCH]) in children
(age <18 years) and 7% [2012 NEihd AD in America study? in adults (age=18 years) in

the US.

AD has been found to be associated with substgrdisént-burden and numerous atopic
comorbidities, including asthma, hay fever, fodérgly and eosinophilic esophagitis (EOE), as
well as non-atopic comorbidities, including allergontact dermatitis (ACD), anxiety,
depression, suicidality, infections and cardiovémcdisease. The relationship between AD and
comorbidities is likely bidirectional and multifactal. Some comorbidities may be secondary to
the effects of the burden of chronic AD and/orididtpathomechanisms that are shared with or
triggered by AD. Patient-burden and comorbiditiesidd be incorporated into the evaluation
and management of AD patients and may improve pieertec decision-making and patient
outcomes. This review will summarize recent develepts in the understanding of the burden

and comorbidities of AD.

Burden of AD
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AD is a heterogeneous disorder with variable lesiomorphology (e.g. erythema,
lichenification, erosions, scaling, oozing/weepipmyrigo nodules) distribution (e.g. extent,
head and neck, hands and feeige of onsét®, persistend® symptoms (e.g. itch, skin pain
sleep disturband&™¥). A recent global systematic review and meta-asislgf AD
characteristics identified 78 different signs apchgtoms of AD, with significant variability by
global region and patient-ay& hese factors can contribute toward psychosdéséless,

stigma®, functional disturbances and limited activitiesdafly living.

Overall, the most burdensome symptoms reportedlblfsawith AD were itch
(approximately 1 in 2 adults), dryness or scalamy] red or inflamed skinApproximately 1 in
10 adults reported that skin pain and sleep diange were their second most burdensome
symptoms. However, adults with moderate and severe AD weoee likely to report blisters or
bumps, red or inflamed skin, sleep disturbance,@aid open sores or oozing as their most
burdensome symptorhdtch is a burdensome symptom with complex intévas between

disease-specific and environmental factors andibaseharacteristics.

Many adults with AD reported that AD limited thdifestyle (51.3%), caused them to
avoid social interaction (39.1%) and impacted thetivities (43.3%); they had only fair or poor
overall health (25.8%) and were somewhat or vesgatisfied with life (16.798) These effects

occurred even in mild AD, but even more so in matieand severe AD.

AD was found to be associated with significantlpp dermatology-related QOL
(higher Dermatology Life Quality Index [DLQ1]Children’s DLQI [CDLQI}’, and Skinde¥),
itch-related QOL (ItchyQOt®, 5-dimensions of itct)), and generic health-related QOL (Short

form-12 [SF-12] and EuroQOL 5-D [EQ5DY). These effects were even more pronounced with
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increasing severity of AD signs and symptéhf€ Together, the results demonstrate that even
mild AD, but especially moderate-severe AD, profdlyrimpacts patients’ QOL. In addition,
AD was associated with more quality adjusted lganoss in the US than self-reported
autoimmune disorders, diabetes, food allergy, aaithdisease, owing to a combination of high

prevalence and major QOL imp&tt

Comor bidities of AD
Atopic comorbidities

The presence of atopic comorbidities, includindnast, hay fever and food allergy, is
one of the diagnostic criterion for AD accordingHanifin and Rajk& and the United Kingdom
Working Party”. However, there remains some controversy ovenmtbehanism(s) and

epidemiology of comorbid atopic disease in AD (Fega).
Mechanism

Impaired skin-barrier function in AD patients maijow for transcutaneous penetration
of allergens, thereby leading to activation of $keasitization and development of atopic
diseas®. A study of an English birth cohort found thatagigrin (FLG) gene null mutations
were associated with higher risk of AD, particufazhrly-onset and more persistent?AD
Further, FLG mutations were associated with higlogrulation-based risk of asthma, and even
higher risk of asthma in children with AD; sensitipn to grass, house dust mite, and cat
dandef’. A study of exclusively-breastfed infants at 3 tisnof age demonstrated that children

with AD, particularly severe AD, had higher raté$and sensitization overall, and particularly
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to eggs, cow’s milk and peantftsSince the children studied had no dietary exposufood,
the authors suggested the relationship betweenm&daod sensitization was mediated by trans-

cutaneous penetration of food allergens and seasan via cutaneous antigen-presenting

cells?®,

A recent study using a minimally invasive skin tap@p sampling method found that children
with AD and food allergy have stratum corneum abmadities that distinguish them from those
who had AD without FA or nonatopic controls. Chddrwith AD and food allergy had highest
levels of transepidermal water loss, greatest admce ofStaphylococcus aureus in non-lesional
skin, and lowest expression of filaggrin and cedesiin nonlesional skifi Activation of T
helper 2 (Th2) inflammatory pathways plays a priymate in both AD and asthma, irrespective

of IgE statud’.

Epidemiology

Several US population-based studies examined thajance of atopic comorbidities in
AD. In children, the lifetime and 1-year prevaleno# self-reported asthma were 25.1% and
19.8%; 1-year prevalence of hay fever was 34.4%;layear history history of food allergy was
15.1% from the 2007-2008 NSEHRemarkably, the prevalences of these disorders wery
similar in adults from the 2012 NHIS (25.5%, 18.728,4% and 13.2%, respectivelyyVhile
the 1-year prevalence of food allergy was simitat46%, the lifetime prevalence of asthma
was considerably higher at 49.8% in the AD in Aroastudy; and the lifetime prevalence of
hay fever was 87.084 Different prevalences of asthma and hay feversecstudies may be

attributable to differences of AD severity and/ther characteristics. Regardless, all three of
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these studies found that AD was associated witisstally significantly higher prevalences of

these atopic comorbidities compared to populatiased controls without Ap** 32

The prevalence and severity of self-reported astlmanafever and/or food allergy were
increased in children with more severe AlSevere vs. mild-moderate AD was associated with:
a higher lifetime prevalence of asthma (36.9% 4s3%), 1-year prevalence of asthma (32.2%
vs. 19.0%); prevalence of severe asthma (36.1%.5%0); prevalence of severe hay fever
(29.1% vs. 4.6%); 1-year prevalence of food allg@j§.0% vs. 14.1%); and prevalence of severe

food allergy (48.6% vs. 23.3%)

Similarly, the lifetime prevalences of asthma aagt fever and 1-year prevalence of food
allergy were increased in adults with more seveP&AAsthma prevalence increased with more
severe scores for multiple validated AD severityamges, including Patient-Oriented Scoring
AD (PO-SCORAD), Patient-Oriented Eczema MeasureH]) and self-reported global AD
severity’ 63.5-73.8% of adults with severe AD reported évaring asthn&. Similarly, there
were stepwise increases in the 1-year prevalenfmodfallergy by more severe AD; 17.4-42.9%
of adults with severe AD reported having food @iéf. In contrast, hay fever prevalence was
similarly increased across all different severité#\D; 82.2-89.2% of adults with AD reported

ever having hay fevé.

While AD severity was the strongest predictor, salvether characteristics were found to
be associated with atopic comorbidities in adult pdlientd”. Asthma was associated with
significantly younger age, lower level of educatitmwer household income, and larger

household siZ&. These are consistent with previous studies stwttiat asthma is increased in
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persons with lower socio-economic stafusVhereas, hay fever was associated with older age,

lower level of education and higher household ineBm

Eosinophilic esophagitis (EOE) has more recentgnb®cognized as a comorbidity of
AD and atopic disease. A recent systematic reviesvraeta-analysis found that AD was
associated with significantly higher prevalenc&@fE in 2 of 11 studies, numerically higher
EOE prevalence in another 7 of 11 studies, andfgigntly higher odds of EOE (odds ratio
[95% confidence interval]: 2.85 [1.87-4.34]) comgato control¥. While the extant data
suggest that EOE occurs more often in AD, futuuelists are needed to confirm this association

and determine the risk factors and pathomecharfisnikis association.

The “atopic march” refers to the propensity for &bbegin early in life and be followed
by the serial incidence of food allergy, asthmaj hay fevet. Recently, EOE has been
considered as a late manifestation of the atopicimia childreri®>. However, there are may be
as many as 8 different sequences for the develdapofiédD and allergic disease, including AD
but no atopic comorbidities, the classic atopicehapersistent AD and wheeze, persistent AD
with late-onset rhinitis, no AD but persistent whe@nd late-onset rhinitis, no AD but transient

wheeze, no AD but rhiniti&

Clinical ramifications

The presence of atopic comorbidities may lead toseming of the underlying AD in
some patients. Comorbid hay fever may lead to éyslema and intense pruritus, with

secondary lichenification and excoriations of thelielg and face, loss of eyelashes and/or
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eyebrows secondary to chronic rubbing and scragcmradarosis), and infraorbital allergic
shiners. Eyelid and facial dermatitis secondaryayp fever may be recalcitrant to topical
therapies. Adjunctive anti-histamine eye-drops andrally may be required to treat the
underlying hay fever, thereby improving the eyeletmatitis. Of note, this is a unique scenario
where oral anti-histamines may be effective in Abgereas they have not proven to be effective

and are not recommended for treatment ifAD

Allergic contact dermatitis
Mechanism

Several reasons have been proposed for an asendi&tiveen AD and ACD. AD
patients have increased transcutaneous absorgtioitamts and contact allergens secondary to
barrier disruption, leading to immune activatiom aftimately contact sensitizati¥/ff®. AD
patients frequently apply emollients and topicatiioations, including topical corticosteroids,
many of which contain contact sensitizers, sucprapylene glycol and sorbitatt&*. There

may also be shared immune pathways between AD &l Auch as Thl, Th2, Th9 and/or

Th17*2

Epidemiology

Two systematic reviews and meta-analyses recexéiynmed the relationship between

AD and ACD. The first included assessed 31 pediatudies and found that one in three
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children with AD who were patch-tested had at lemst positive epicutaneous patch¥est
However, results were conflicting about whethetdren with AD have higher rates of ACD. In
meta-analysis, children with AD actually had lowates of positive epicutaneous patch tests
compared to those without AD (41.7% and 46.6%). ey, the authors noted major
weaknesses of and variability between studieslithittconclusions®. The second systematic
review included 74 pediatric and/or adult studied Bound that AD was associated with higher
rates of positive epicutaneous patch tests comgartiet general population, but lower rates
compared to patch-test referral populatidnishe latter finding may be due to severe AD
patients being patch tested as per consensus iggisieeven without a clear indication of ACD.
Whereas, non-AD patients are referred for patdinigsvhen there is a high suspicion for ACD
and high pre-test probability of having a positpagch test. The results of this meta-analysis
suggest that ACD may be more common in AD patitrds the general population. However,

more studies and higher quality studies are netmednfirm this association.

Even if AD is associated with higher likelihoodACD than the general population, the
effect-size of this association is relatively smahat is, only a small subset of AD patients
appear to develop ACD. Thus, epicutaneous pattimges not recommended in all AD patients.
Expert consensus guidelines specifically recomnpaidh testing in adolescent- or adult-onset
AD, pediatric and adult AD patients with worsenorgmore generalized dermatitis, localized or
atypical lesional distribution, lesions recalcitrémtopical therapy, prior to initiation of system
therapy, and if the AD worsens with therapy, oroatids upon cessation of therapyome of
the most common allergens encountered in AD patiarg present in their emollieffispersonal
care products and topical medications, such aditamoethylisothiazolinone, neomycin,

formaldehyde, sesquiterpine lactone mix, compositae and fragrancés >* >> > an
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206 expanded patch testing series is recommended ipaiients, which includes these common

207  allergend®.
208
209 Depression, suicidality and anxiety

210  Mechanism

211 Intense pruritus, high rates of sleep disturbastigma, social isolation, poor quality of
212 life and neuro-inflammation have been postulatecbiaribute towards increased anxiety,
213 depression and/or suicidality in AD. Sleep distmdes in AD were shown to be associated with
214  a number of poor outcomes in AD patients, includiegdaché&S shorter stature in childrét
215 poor QOL in children and adufts® ** "t increased fractures and other injuffemd even

216  cardiovascular risk factors and/or disease in aduFatigue and sleep disturbances may

217  increase the risk of, or share a common mechanigim anxiety and/or depression. Sleep
218 disturbance in AD might be related to chronic itctilammatiod* "> and degree of atopy AD
219  might also upregulate neuroimmune factors, e.grapaptide-induced sensitivityand

220 inflammatory cytokines, and the subsequent devetoprof mental health disordéts’® Future
221  studies are needed to elucidate the precise merhamif association between AD, anxiety,
222 depression and their optimal treatments.

223

224  Epidemiology

225 Two systematic reviews and meta-analyses recexdsnmed the relationship of AD
226 with depression, suicidality and/or anxiety. Thstfincluded 23, 13 and 6 studies in meta-

227 analyses of depression, anxiety and suicidaligpeetively, and found significant higher odds of
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AD with depression and anxiety in adults, depresgicchildren suicidality in adults and
adolescentS. The second included 36 studies with sufficieriadar meta-analysis and found
that 1 in 5 persons (20.1%) with AD had depressmmpared to only 14.8% in non-AD
control$. In the US particularly, two studies found thapepximately 1 in 5 adults with AD
either met the SIGECAPS criteria for major depnessiisorder or reported a healthcare
diagnosis of depression in the previous §eaD patients had significantly higher rates of
clinical depression (14.9% vs. 12.6%), numerichifgher rates of antidepressant use (29.3% vs.
20.3%), and significantly higher rates of suicitjali adults (12.2% vs. 6.493) Depression
occurred particularly in moderate-severe®Aepression and anti-depressant use particularly
occurred in adulf8. Children with vs. without AD also had higher paéance of parental
depression (29.3% vs. 20.3%)

Four studies found that different topical, oradteynic or biologic treatment regimen for
AD improved depression and/or depressive symptdfisThe results of these studies suggest
that depressive symptoms occurring in AD may beatly related to disease severity and

modifiable with improved AD treatments.

AD was also associated with higher rates of depresymptoms overall (22.2% vs.
14.5%}*, including little interest in doing things, feadimown, depressed or hopeless, feeling
tired or having little energy, having a poor apgetieeling bad themselves, having trouble
concentrating, moving or speaking slowly or tod sl having thoughts of being better off
dead? A subsequent US population-based study of 288&sadith vs. without AD found
higher prevalences of abnormall() Hospital Anxiety and Depression (HADS) - anyiet
(28.6% vs. 15.5%) and depression (13.5% vs. 9.0¢9core¥. Mean and abnormal anxiety

and depression scores were increased in moderditgeaare self-reported global AD severity,
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251  POEM, PO-SCORAD, PO-SCORAD itch and sleep. One tethdercent of respondents with
252  severe PO-SCORAD, POEM and PO-SCORAD-itch had blindeor abnormal anxiety and

253  depression scores. However, 13-55% of adults widhti#at had borderline and/or abnormal

254  anxiety or depression scores reported not beimgndsis of anxiety or depression. Together,
255  these studies suggest that anxiety and depresg@ymptoms of AD that correlate with disease
256  severity, may be modifiable with treatment, andoutuinately often go undiagnosed by

257  clinicians.

258 There are a number of different measures that qootiehtially be used to screen for
259  depression and/or anxiety in AD patients. AD wasfibin some studies to be associated with
260  higher mean scores for Hamilton Depression ScatekB Depression Inventdtyand Patient
261  Health Questionnaire?d While these may be reasonable options for usériital practice,

262  their measurement properties and validity in ADénawt been examined. A recent study

263  examined the measurement properties of the HADShaded that it had good discriminant
264  and convergent construct validity, and no obsefiead or ceiling effects for total scores in AD,
265  suggesting it is sufficiently valtd

266
267  Clinical ramifications

268 Anxiety and depression are important consideratinorthe management of AD. First, it
269 is important to recognize that anxiety and depogsare symptoms of the AD per se, i.e. DSM-
270 IV Axis lll disorders (secondary to a medical cdrah). In many (if not most) instances, these
271 symptoms resolve with improved control of AD sigm&l symptoms. Patients experiencing

272 anxiety and depressive symptoms secondary to ADwasant more aggressive AD treatment,
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such as use of a systemic agent. However, symptbarsxiety and depression may be
indicators of standalone DSM-IV Axis | diagnoses,. enajor depressive disorder or generalized
anxiety disorder. AD patients experiencing anxaatyg/or depressive symptoms may benefit
from referral to a mental health specialist. lingportant that clinicians managing patients with

AD screen for anxiety and/or depression and treagtfer appropriately.

Infections
Mechanism

AD patients also have risk factors for increase@dmmeous and extra-cutaneous infections,
including skin-barrier dysfunction, immune dysregidn, lower anti-microbial peptides,

increased bacterial colonization and infectionkifi ®nd use of immunosuppressive ag&nts

Epidemiology

Cutaneous infections

It is well established that cutaneous infectioresiacreased in AD patients; this is one of

the minor diagnostic criterion for AD accordingHanifin and Rajk&".

A systemic review and meta-analysis found that B9%D patients were colonized with
Staphylococcus aureus on lesional skin (n=81 studies), 39% on the namleal skin (=30
studies), and 62% in the nose (n=43 studiel) pooled analysis of studies with sufficientajat

AD patients were found to have dramatically incesbsdds of being colonized with
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Staphylococcus aureus than controls on lesional(gkids ratio [95% confidence interval]:
19.74 [10.88-35.81], n=16 studies), non-lesionad §k.77 [3.82—-15.82], n=12 studies), and in

the nose (4.50 [3.00-6.75], n=19 studi®s)

Another systematic review of 32 studies examinedrtte of skin microbiome in AB.
AD skin was found in at least one study to have baweterial diversity especially on lesional
skin, depletion oMalassezia species, high noMalassezia fungal diversity, increased
Saphylococcus aureus andStaphylococcus epider midis, decrease@ropionibacterium and other

generd".

Yet another systematic review and meta-analysi©afontrolled studies found that AD
patients had high pooled prevalences of ImmunodgjioliiagainsSaphylococcal enterotoxins
A (33%, n=19 studies), B (35%, n=23 studies), C414=7 studies), and D (5%, n=3 studies),
and toxic shock syndrome toxin 1 (16%, n=10 stydfieAD was associated with increased odds
of Immunoglobulin E againskaphylococcal enterotoxin A (8.37 [2.93-23.92]) and B (9.34
[3.54-24.93]) in 10 controlled studi&sFew studies examined IgG or IgM against
Staphylococcal enterotoxins; those that did found high ratesasiprity (34.6-87.0%). No

studies examined IgA agair@gphylococcal enterotoxin.

Previous studies found conflicting results whetBris associated with increased
cutaneous warts or Mot-. A British birth cohort study found a lower pregate of warts in
children with vs. without visible AD at ages 11 alfilyear®’. A Swedish cohort found that
teenagers with vs. without active AD aged 12 toydérs had a lower prevalence of walts

However, analysis of the 2007 NHIS found that ADhwut atopic disease was associated
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slightly lower odds of warts compared to those authAD. Whereas, AD with other atopic

disease was associated with higher odds of Warts

Previous studies found strong associations betw&eand eczema herpeticum (EH).
Analysis of the 2008-2012 National Inpatient San(pl&s), a representative cohort of
hospitalized adults in the US, found that the meamual incidence of hospitalization for EH per
million children ranged from 4.03-7.30 and increheger time. The strongest observed
association with EH was AD (odds ratio [95% confide interval]: 11.72 [9.48-14.49]). While
AD is the strongest risk factor for EH, most ADipats do not develop EH; approximately 3%
of AD patients develop EH EH occurs in a specific subset of AD patientsabeerized by
more severe disease, early age of AD, comorbid@atbporders, greater T-herlper 2 polarity,

allergen sensitization and other skin infectféri§

Extracutaneous infections

The Swedish BAMSE birth cohort study found sigrafily higher proportions of parent-
reported recurrent pneumonias, acute otitis meatishegher usage of antibiotics in children
aged 0-2 years with AD compared to healthy conteten after stratifying by asthma histry
Analysis of the 2007-2008 NSCH, a US populationeldadsousehold survey, found higher odds
of caregiver-reported serious recurrent ear inbastin children with vs. without AD, and even
higher odds in children with severe vs. mild-motkeraD’*. Analysis of the 2007 NHIS found
higher odds of caregiver-reported strep throalu@rfza/pneumonia, sinus infections, recurrent
ear infections, and urinary tract infections inldfen with AD and no atopic comorbidities

compared to those without AP Analysis of the 2012 NHIS demonstrated that adwith AD
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and no atopic comorbidities had higher odds ofgbrted influenza/pneumonia, strep throat,
sinus infections, gastroenteritis, and infectioiseadse or immune problems compared to those
without AD™. In both studies, certain infections were evenerammon children or adults

who had AD and other atopic disease compared &etiith AD alon& %

These studies examined self-reported infectiong;iwils vulnerable to potential
misclassification. Recently, a study of the NISfdwignificantly higher prevalences of serious
infections in adults with physician-diagnosed ADngared to those without AD (42.1% vs
25.4%Y°". AD was associated with 32 of 38 infections exadirincluding erysipelas, cellulitis,
tuberculosis, infectious arthropathy, endocardéis;ephalitis, and methicillin-resistant
Staphylococcus aureus infections. A follow-up study in children from tlsame cohort found
associations for 47 of 49 serious infections exaahincluding 8 cutaneous, 9 upper respiratory
tract, 8 lower respiratory or lung, as well as @gdbrain, gastrointestinal, and bone
infectiong®,

A recent systematic review and meta-analysis fahattAD compared to those without
AD was associated with higher pooled prevalenaeaofinfection (26.6% vs. 21.9%), strep
throat (8.4% vs. 3.1%) and UTI (8.4% vs. 3.1%), it pneumonia (8.8% vs. 5.4¥5) AD was
associated with higher odds of infectious endotiardnd meningitis in two studi®&. Together,
all these studies indicate that AD is associatet tigher risk of both cutaneous and extra-

cutaneous infections.

Cardio-metabolic comorbidities

Mechanism
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AD patients have multiple potential risk factors éardio-metabolic disease, including
chronic sleep disturbante'® sedentary physical activif{f*° higher rates of cigarette
smoking®” and alcohol consumptiéh adverse effects from some systemic treatmerds (e.

corticosteroids and cyclosporine A), etc.
Epidemiology

AD patients have been found to a number of cardiowar risk factors, including
smoking, and obesity. A systematic review and nagi@ysis including 86 studies found that AD
was associated with higher odds of active smokimtjexposure to passive smoke, but not
maternal smoking during pregnan®y A systematic review and meta-analysis includifig 3
studies found that AD was associated with higheisaaf overweight and/or obese status, in both
children and adults, and studies in North Ameriod Asia but not Europ&. A subsequent
multi-center, pediatric dermatology practice-basaske-control study of US children and
adolescents found that active moderate-severe APassociated with central obesity, elevated

systolic and diastolic blood presstffe

Analysis of the 2010 and 2012 NHIS found that tdwith self-reported AD had higher
odds and earlier age of initiation of cigarette kimg, higher odds of consumption of alcoholic
beverages, lower odds of daily vigorous physictlag and lower frequency of vigorous
physical activity in the past week, and higher pterces of class Il/1ll obesity, hypertension,
prediabetes, diabetes and high cholestérbhere were significant interactions between self-
reported eczema and sleep disturbances, suchciteana associated with fatigue, daytime
sleepiness, or insomnia was associated with eghehodds of obesity, hypertension,

prediabetes, diabetes, and high cholesterol thamld®e. The particular impact of sleep on



Pagel8 of 27

380 cardiovascular risk is consistent with previousarmtalyses that showed difficulty of initiating
381  or maintaining sleep or presence of restless, iistlinights of sleép’, short (<7 hours per
382 night) and long sleep durationq hours per night}* were all associated with increased

383 cardiovascular disease and/or mortality.

384 Subsequently, analysis of the 2005-2006 Nationaltdend Nutrition Examination

385  Survey, 2010 and 2012 NHIS found that AD was asgediwith higher odds of coronary artery
386 disease, heart attack, and congestive heart fapergheral vascular diseases and/or stroke in at
387 least one study, even after controlling for asthinag, fever, BMI, history of smoking, alcohol

388  consumption, and vigorous physical actitity

389 Analysis of the 2002—-2012 NIS found that AD wasbagded with increased odds of
390 cardiovascular risk and chronic sequela of cardiouvkar disease similar to that observed in
391  psoriasis, hidradenitis, pemphigus and pemphigdidD was particularly associated with

392 increased odds of hypertension, obesity, congebtegt failure, peripheral vascular disease,
393  peripheral and vascular atherosclerosis, pulmocdiacylation disorders, late effects of

394 cerebrovascular disease and other cerebrovasdséasé™. Of note, AD was not associated
395  with acute cardiovascular and/or cerebrovasculan®vin this study, such as myocardial

396 infarction and stroke. This is likely because pasewith heart attacks and strokes have short
397 hospitalizations that efficiently address thes@licaascular disorders, but not other chronic
398 health issues. Thus, the lack of association betwd®and acute cardiovascular events in this

399  hospitalized cohort should be interpreted with icaut

400 A systematic review and meta-analysis includingtl@lies were included and found

401  significantly increased odds of angina in crosgiseal studies, increased risk of angina, heart
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failure, ischemic stroke, myocardial infarctiongdastroke in longitudinal studi€¥. Thus, the
combined effects of available studies indicate nsbbat significant associations between AD
and cardiovascular disease and/or events. Sone @fssociations were not significant when
applying Bayesian prediction intervals, indicatthgt the associations may not always occur in
individual settings. However, use of predictioremls may not be entirely appropriate given
the small number of studies and that some of tingiest included have a high-risk of bigsIn
addition, AD severity was significantly associateith increased risk of angina, cardiovascular
death, heart failure, myocardial infarction, andgnaally significant associations with ischemic
stroke and stroke; however, there were only a feyspective studies available. Together, the
results suggest there is an increased risk of @aadcular disease and events in AD, particularly

more severe AD.

A subsequent cross-sectional US population-basely $ound that adults with AD had
higher odds of self-reported obesity (body massexx80), diabetes, high blood pressure and
heart disease compared to conffolShese associations were all significant in mid/ar
moderate disease, with strongest effects in seM@reStructural equation modeling revealed
direct effects of moderate-to-severe AD on foodrgly, anxiety/depression and diabetes, direct
and indirect effects on obesity, and indirect éfemmn high blood pressure and heart disease.
Thus, there appears to be a complex relationshipdesm AD, comorbid atopic and mental

health disorders, and cardiovascular disease.

Clinical ramifications
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The association of AD with cardiovascular diseasdikely multifactorial, with
contributions from chronic sleep disturbance, dased physical activity, increased cigarette
smoking and alcohol consumption, etc. Howeves uriclear which of these risk factors play the
most important in AD. Further, it remains unknowexcess cardiovascular risk in AD patients

is modifiable.

Conclusions

AD is associated with multiple comorbid allergicemtal health, infectious and
cardiovascular comorbidities, which should be aated for in clinical decision-making. The
occurrence of comorbid anxiety and depressive symptmay warrant more aggressive
treatment using systemic agents to achieve betterterm AD control. Treatment approaches
should be used in AD that will not iatrogenicalpuse or worsen cutaneous or extracutaneous
infections or cardiovascular risk. Finally, adegustreening and diagnosis of the comorbidities

of AD is essential in order to improve the longgwahd overall health of AD patients.
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ACCEPTED MANUSCRIPT

These could be replaced with icons/images that reflect each concept
For the comorbidities with bullet points, there would need to be

multiple icons that are clustered/arranged together but also show
each comorbidity independently.

Cardio-metabolic

Atopic
dermatitis

Infections

Atopic comorbidities

. o * Asthma
Allergic contact dermatitis

Sleep disturbance

Depression, suicidality and
anxiety
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Key M essages
» Atopic dermatitis (AD) impacts all aspects of pat& quality of life and emotional well-
being.

* AD has a complex relationship with atopic comortxéd, including asthma, food allergy and
eosinophilic esophagitis.

* AD is associated with symptoms of anxiety and degiom, which are highly correlated with
severity of AD signs and symptoms.

* AD is associated with multiple cutaneous and extieweous infections of bacterial,
mycobacterial, viral, and fungal etiologies.

* AD is associated with increased cardiovascularfaskors, and potentially cardiovascular
disease and events.



