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INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatoryisldisorder increasing in prevalence
globally and is not, as previously thought, a déeelamited to childhood. Recent prevalence
studies reveal a large global burden of AD in ajudither due to disease persistence or adult-
onset disease® Because of the global nature of the diseasetangidars patients may suffer
from disability, AD represents the skin diseaséhwlite greatest global skin disease burden as
measured by disability-adjusted life yearPatients with AD suffer from symptoms of itch and
pain, endure social impacts from having a visilieadse, have a predisposition to skin
infections, experience reduced health-related tyualilife, and have a very high risk of both
allergic and mental health comorbidities. The lemslof both allergic and non-allergic
comorbidities have been recently review&d.

These and many other studies of comorbidities asehde prevalence have helped define
the largely overlooked individual and populatiomdeburden of the disease, raising awareness
of the importance of AD. We now have a better usidmding of the multi-dimensional nature
of the AD burden, as recently reviewed by Bridgnetral’ New therapies are now judged not
only on improving the inflammatory skin lesionspattients but also upon their ability to impact
the symptoms of itch, skin infection, and overalatity of life. As new therapies emerge and
disease prevalence continues to rise, a betterstadeing of not just the health burden becomes
important, but also the socioeconomic burden. Wstdading the socioeconomics of the disease
allows for designing disease prevention strateginesimproved resource planning and allocation
for emerging therapeutics. The objective of ttapgr is to review the current state of the
literature regarding the socioeconomics of AD—nepecifically how socioeconomic status

(SES) affects AD risk and how the presence of Ay aféect one’s SES. A discussion of the
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cost of the disease to society is also includedteNike in AD, the role of SES in other
atopic/allergic diseases such as asthma is brahad@nplex and is beyond the scope of this

review®1°

Methods. A PubMed search was performed to incarteles relevant to (atopic dermatitis OR
atopic eczema) AND (cost OR finances OR economidr@Bme OR career OR
socioeconomic), yielding 862 articles. Articlestpaing to other diagnoses such as “contact
dermatitis” were excluded, except when studiedoamsacbidities, as were those written in a
language other than English, and preference wandivarticles written in the last 5 years.
Some articles were obtained from the reference tikarticles that were reviewed, or in ancillary

searches pertaining to comorbidities or other bamkgd information.

SESINFLUENCESON DISEASE RISK

Lower SES correlates with an increased risk of moomeechronic health conditions such
as obesity, smoking tobacco, and chronic stresghe link between SES and the risk of AD is
not as straightforward as most chronic diseasesnyMtudies globally observed an increased
prevalence of AD with higher SES over the past sBwears:*® A British study of 7 year old
children from 1989 depicted such, with the patiemth the highest SES having twofold greater
prevalence of AD than those with the lowest SE@ German study from 2010 agreed that
higher SES increased AD risk, and also noticecharease in persistence of the disease in these
cases? SES is influenced by household income; both addrbtates (US) study of the 2010
National Health Interview Survey (NHIS) and a studyrehran from January 2013 to January

2014 showed a positive correlation between AD genee and household incortfet’ while a
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2010 Denmark study noted no relationship to househcome® Despite this, the Denmark
study found decreased AD prevalence where at tegsparent was unemploy@dhereas a US
study of the 2003 National Survey of Child’'s Hegiv&CH) found that households with a single
mother structure had the highest prevalence of ABnother aspect of SES is education, and
Denmark children were more likely to develop ARhéir parents had higher levels of
educatior”. A Belgian study further reported that childrerrevenore likely to develop AD when
at least one parent had high education, but ontgmal education level was found to be
significant (p = 0.0185. Likewise, children of Korean mothers with at leadachelor's degree
were the most likely to develop AD. Regarding the atopic march, the Belgian authlss a
reported a positive correlation between asthmarecutrent wheeze to parental educational
level, although the authors state that prior ssbtieve been conflicting, possibly including non-
allergic forms of these diseases that they accduteby screening participants for serum IgE
levels of 0.35 kU/I or mor&. However, the Denmark study was more recent, drihey did
not account for IgE levels specifically, they regedran inverse correlation between parental
education and both asthma and hay féver.

There are several potential explanations for thieetation of higher SES and increased
AD prevalence. One possibility is detection big¢ith higher income and more education,
families likely have more access to medical carté wicreased detection of conditions that may
not bring lower SES families to seek healthcaree WHIS study reported increased AD
prevalence with increased health care utilizatiom iasurance coveragéas supported by the
2003 NSCH study’ reflecting the greater access to health care resswand potential detection
bias within the higher SES population. Also, radiaparities may influence and be influenced

by SES; a recently published study reported ine@#® incidence in children of non-Hispanic
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black and other non-Hispanic race in comparisamoto-Hispanic white childretf although this
must be explored further for confounding varialdash as genetics, environment, and SES to
support a true correlation of AD incidence and radaother possibility is the hygiene
hypothesis? interpreted in the broader sense with more hygipractices possibly yielding a
greater risk of allergic disease. More accesste s suggestive of more vaccinations, fewer
opportunities for infection or microbial exposurssaller families, and cleaner hontésThis
was seen in the British study as AD prevalencesimsed in households with fewer childfén,
and validated by the 2003 NSCH stddyin contrast, this was not the case in the Telstamly,
where there was no association to number of ciltfraor in a Turkish study where there was
no association to increased household Sizéthough this may have been influenced by multiple
other factors such as different culture and clim&egarding impact of SES on other
manifestations such as asthma, the data have &gy inconclusive regarding the impact of
SES on manifestations of the atopic matcfalthough the data is in favor of increased
prevalence of asthma with lower SE’S.

SES may also impact AD prevalence via environmesxpbsures. AD was more
prevalent in children with high household SES étliived in areas of low regional SES,
specifically areas of high road density or highdrpaoximity in Korea, although the authors
suggest higher income households may be neareajtw noads within those communities which
leads to larger exposuféthis also confirms the finding that AD is more sevin urban areds.
The Belgian study reported increased exposureggareite smoke in the children of families with
lower education, but smoking was not found to eisited with AD prevalence in this stutly,
nor the other studies regarding exposure to passiaking in the househofd® One could

also hypothesize that bathing or moisturizatiorcficas may also vary between SES groups—a
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factor that may impact early skin barrier statud AD risk, although this has not been

previously studied.

SESINFLUENCESON DISEASE SEVERITY

While many studies evaluated the association betV#&S and AD prevalence, some
studies assessed the influence of SES on AD sgveXistudy of children from the United
Kingdom (UK) in 1998-1999 classified families basedthe father’'s income alone, or the
mother’s income if she was a single mother or tile source of income, and found no variation
in disease severity that was significant betweercthsses, with a sample population closely
resembling the UK census around the time of thielehi’s birth yeaf? However, a US study
of the 2007 NSCH determined that children wereiggmtly more likely to develop higher
severity AD within households with lower income<j®.0001), dilapidated housing (p =
0.00009) and communities with garbage on the sfpeet0.001), single mother households (p <
0.0001), and when parents had lower educationqi®&1 for father, p < 0.0001 for mothét).
The first born child was more likely to have moexere AD, which the authors suggest may be
due to lack of experience managing childhood ZBoth the UK and US studies found no
association between AD severity and family $&Z€. Additionally, a study in Denmark
suggested that tobacco exposure may predisposertogavere AG? and since smoking is
more common in lower income househdidkis further emphasizes the potential role of lowe
SES in AD severity. Yet, the 2007 NSCH study notedassociation to smokers in the home,
indoor smoking, or metropolitan residerféeyhich could be due to sensitization to allergens.

There are well-described barriers to care accegsafiients who are of low SES, such as

difficulties in obtaining medical resources, sustspecialist café and affordable medicatiori,



116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

which can result in poor adherence and poor confrtile disease. While the lower SES
population may be at lower risk for developing Abe healthcare barriers they face likely
contribute to higher severity in this populatioflso, non-Hispanic black children and Hispanic
children are more likely to have persistent’ABnd more severe dise4%as these populations
are well-known to have less access to quality heate. Addressing socioeconomic disparities
in patients with AD should help minimize the subseat and substantial costs associated with

disease progression.

SOCIOECONOMIC EFFECTSOF AD

AD produces direct, indirect, and intangible cq3ible 1). Direct costs include medical
billing and copays for the appointment, the tramsgimn to and from the appointment,
prescription and over-the-counter medications idicig emollients, laboratory tests, procedures,
hospitalizations, and need for a caregiver. Alesaim, presenteeism, loss of employment,
social and psychological burden comprise someefrttirect costé’ Intangible costs account
for the unmeasurable negative impacts of the deiseach as the neuropsychiatric effects on
learning ability and the consequences on qualitif@f®*® A 2004 study by the American
Academy of Dermatology Association (AAD) and theci®ty for Investigative Dermatology
(SID) estimated the total annual cost of AD to ext84 billion per annum in the US, without
accounting for over-the-counter costs and impact&ark unrelated to office visitS:° The
annual cost is likely much greater now accountorgriflation and the increase in AD
prevalence over the past 14 yeBrjth the 2004 US data extrapolated to an equiv&srs

billion in the US in 2015.
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Direct costs

Based on the 2004 study by the AAD and SID, AD gates over $1 billion in direct
costs in the US? An Australian study from 1997 (n = 48) reporthdttmedications comprised
the majority of direct costs for the participatif@gnilies of children with AD. Other costs
included home modifications, such as carpet remandlacquiring hypoallergenic bedding, and
purchasing clothing made from textiles thoughtéddss irritating’

To understand the burden of direct costs, a staliywed a cohort of Korean juvenile
and adult patients with AD over the course of thmemths in 2010; upon generalizing the results
the researchers estimated the equivalent of $2@8at per annum (per family). They suggested
a trend of increasing direct cost for more sevdde &though this was not found to be
statistically significant likely due to the sma#iraple size (n = 3%%. A study at Case Western
clinics from March 2011 to December 2013 calculdtedcosts of flaring moderate to severe
AD in the pediatric population found that direcstowere $75 for the month leading up to the
office visit, which can be generalized to be $800the year; although this was a much smaller
amount, the study only accounted for costs aftsuriance”

Another study compared adult patients with AD tendgraphically matched patients
without AD, in addition to adults with more sevéB to those with less severe AD, based on
Commercial and Medicare (January 2010 -SeptemlEs)2s well as Medi-Cal claims (January
2010 — December 2014). There were both increasalthicare resource utilization (HCRU) and
average individual cost when comparing adults withto their non-AD counterparts, and a
similar trend was noted with severe AD comparel@ss severe counterparts. Study of the
HCRU with the AD population indicated that patiergguired more visits to the emergency

department (ED), outpatient provider (severe p#iatilizing an allergist or dermatologist more
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frequently than those with less severe AD), andrmphaay for prescription medications. Costs
were largely comprised of outpatient visits andsprptions, and excluding copayments,
amassed over $3,000 more per AD patient in compatis non-AD patients across the
insurance plans studied (Commercial: $10,461 ve3E37, Medicare: $16,914 versus
$13,714, Medi-Cal: $19,462 versus $10,408, on aeeper patient annually), and over $5,000
more per patient with more severe AD in comparisoless severe AD (Commercial: $14,580
versus $7,192, Medicare: $21,779 versus $12,490j-Mal $22,123 versus $16,639, on average
per patient annually'

Several studies have analyzed the use of the E&ratepfrom other HCRU. Although
ED visits for AD frequently cost less than ED \gsibr other diseases, AD poses a substantial
burden on the ED system. For example, Koreanmatigith AD reported an average of &6
3.5 outpatient visits and for the minors an averafgene ED visit over a three-month period in
2010%% A US study reported more frequent visits to tiledong with increased ED costs over
the years, with the annual cost of services belng Billion in 2006 and then $2.7 billion in
2012; these patients were more likely to be on idi self-pay, or no charge than other
patients> Low SES likely leads to poor access to dermatologtpatient care with subsequent
poor chronic disease control and increased EDsvislthile insurance may provide a great
amount of coverage for patients, out-of-pocketxoan nonetheless present a considerable
burden for the individual patient, with adult ADtgats in the US spending a cumulative $37.8
billion in 2010 and $29.3 billion in 2012, equatittg$371 and $489 per patient in those yé%rs.

The direct costs of AD do not solely impact the p@pulation, but also society as a
whole by creating an increasing burden on taxpagetributions to disability and healthcare. A

Danish study noted a substantial 450% increasesability pensions over the years, from 4.2
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pensions per annum during 1970-1976 to 18.0 pesgienannum from 1999-2062.While the
prevalence of AD in US healthcare claims was 0.892013, being the ?most prevalent of
24 studied skin disordefSthe disease still represents a considerable bundéhe payer.
Fowler et al. reviewed the employer self-insuraciaens of 31 Fortune 500 companies from
1998 to 2005 and noted $991 per patient per yeata@AD, with almost 40% due to disability
and sick leave (n = 13,74%).A similar study by Joish et al. in 2009 reportieat AD claims
charge the US payer $912 more per patient per arimampatients without AB> With 2-10%
of adults affected across the gldtdirect costs represent a considerable burdeneopatients
and the payers, but in order to get a comprehen#ve, we must consider indirect costs that
contribute to the AD burden as well.
Indirect costs

The AAD and SID estimated $619 million of indirectsts in the US based on impaired
productivity of the patient and caregi@rThese costs first affect the parents of a chitth w
AD. In a 1997 Australian study, the severity o tthild’s AD was directly proportional to the
number of parents who took time off work for thegase of attending to their child’s AD, such
as management and office visits (33% of the mittlgr 60% of the moderate group, and 70%
of the severe group) and the number of parentsexperienced reduced, terminated, or
postponed employment (5% of the mild group, 30%hefmoderate group, and 60% of the
severe group}* A more recent study from Poland (n = 50 childrescurred that parents
experienced lost work hours that directly corradatetheir child’'s disease severity, and also
noted that household finances were strongly imphloyethose of their child’s AD? Although
the loss of income was not determined in eithedystthey emphasize that indirect (and direct)

costs are at the root of caring for a child with Afausing emotional and financial stratf°
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208  One would presume that the loss of income restiilcésmces and therefore the means to manage
209 the AD, but it is not known whether the impactm®egh to create socioeconomic changes

210  within these families.

211 The estimated costs described thus far do notdedle costs of the many comorbidities
212 associated with the disease. Paller et al. thdrgumutlined the numerous related diseases

213 including allergic rhinitis and asthma, neuropsgthic disorders (i.e. insomnia and

214  anxiety/depression), metabolic diseases, autoimrdiseeders, and certain canceré US

215  study on health insurance claims from the entiterctar years of 1999 to 2004 showed that

216  atopic march manifestations increased patient dnst average of $482, an amount

217  approximately 2.5 times the cost of AD treatmenhaf' Although a comprehensive measure
218  of the costs for associated diseases would beudliffio measure and compare, this information
219  suggests that comorbidities pose an additionalpatentially significant financial cost to the

220 patient. Such costs are not included in cost imaaalyses. However, intangible costs were
221  approximated to be $2 billion by the AAD and SID2004 based on detriments to quality of

222 life, resulting in an increased willingness to faysymptomatic relief? which is important to

223 consider in the treatment of the patient.

224

225  Impact on work

226 Patients experience indirect costs from the subiatanfluence that AD has on their

227  work lives. Employee productivity is affected Hysanteeism and presenteeism. Absenteeism
228  refers to the time taken off work secondary todisease process, such as sick leave or absences
229  from school, including any time taken off for apponents. Presenteeism refers to a person who

230 is physically at work or school but is not as pratite as possible due to the effects of the
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disease. The sum of these two productivity losspgesent the overall work impairment and can
be used to calculate the work productivity andwtgtimpairment (WPAI).

Researchers have studied the effects of cutanealisraespiratory allergic disease on
European Union (EU) employees in 2012. Workerseedgpced an average of 3 days of
absenteeism per year, costing the equivalent o $&4 person, and 5-10 days of presenteeism,
costing the equivalent of $1335-$2688 each. Tliecas explained that, of the expected 44-76
million employees aged 15-65 in the EU that haergit disease, roughly 90% were not
receiving adequate treatment which likely causehtko incur these costs.

A study from the following year depicted the efteof AD alone. When evaluated
against a matched non-AD population, it becamer thet AD had a substantial, although not
statistically significant, effect in the 2013 USnkplace, with increased rates of absenteeism
(9.9% AD versus 3.6% non-AD), presenteeism (21.8¥%ws 16.1%), overall work impairment

(25.6% versus 18.1%), and mean annual indirecs ¢88907 versus $6517.

Costs of absenteeism

Several studies have provided insight on the rbbbeenteeism in AD. Employees with
AD, regardless of their disease severity, were rfikedy to take 5 or more days off of work than
their non-AD counterparts (n = 27,157 in 2010 aA@33 in 2012° This was similar to the
2002 Danish finding of 5.8 work days taken off sfieally for the employee’s own AB® and
prior studies have also observed that patients Alditook more days off due to illness than
those without AD***° Interestingly, pruritic dermatoses appeared fiecaemployees to a
greater degree if they did not have steady employmeéth rates of absenteeism at 1.8% of

hours lost with a regular job versus 5.3% withdtif.
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To put this into perspective, the 3-month Koreardgtof AD across ages generalized
their results to estimate $1,293.02 in indirecte@er patient for the year of 2010, measuring
only time taken off work? After insurance, a study from Case Western Usityecalculated
$199 of indirect costs incurred the month prioatooffice visit regarding an AD flare, which
can be generalized to about $2400 per year; mdbkese costs came from lost work hours,
which averaged 20.5 hours for the mofittHowever, much of these costs could potentially be
avoided, as suggested by the 2012 EU study; tHeylated that the equivalent of $3,835.81
comprise the annual indirect costs per patient ath allergic disease, 95% of which could be
saved as treatment averages $199.39 per pAtidrtiis finding was supported by the results of a
phase llb clinical trial of dupilumab for persistenoderate to severe AD, where patients who
were randomized to any of the treatment groupsSévadr absences from full-time work or
school than those receiving the placebo (avera@ese?.1 days versus 3.5 days) by week 16.
Likewise, there were more patients with no absencdse dupilumab group (72.9-88.5%) than
the placebo group (71.4%) (n=380) Furthermore, accompanying symptoms including
depression, anxiety, and insomnia are improved apipropriate AD treatment, as seen in
dupilumab clinical trial§® which could potentially lead to a decrease innexti costs such as

psychiatric treatment.

Costs of presenteeism

Regarding presenteeism, it has been suggesteprthictivity in the workplace is
diminished in workers with allergic diseases, e&lcAD, urticaria, and prurigd®*® Of the
pruritic dermatoses, AD was found to be the mosapacitating in performing routine activities

and among the highest in negatively impacting waté classroom performance. The impact on
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work and routine activities, but not classroom\atiis, was directly correlated to symptoms of
pruritis?® AD patients across eight countries includingtt&reported a mean of 15% of the
school or work day being impacted by disease flares2002)° The 2012 EU study had a
similar finding of 10-20% presenteeism; the autrsuggested that negative impacts on
concentration have variable impacts based on e af occupatiol> For example, employers
accumulate losses when employees take sick leamregroduction-based jobs, and upon serious
consequences (e.g. life-threatening accident®)ls fequiring the operation of heavy
machinery*?

Overall, the WPAI is higher in AD than psoriasisthwpositive correlation to disease
severity’® which reaffirms the previously mentioned impacpairitic dermatoses on work and
routine activities'® Another study of US adults exhibited a 30% WR#Workers with AD in
comparison to 16.3% in workers without the disetisey corroborated a positive correlation to
disease severif}}. Furthermore, US adults with moderate to severeha® significantly less
employment than those with mild AD (49.4% versusl&brespectively, p = 0.006) per the 2013

National Health and Wellness Survey (NHWSpossibly due to higher disease burden.

Effect on career choice

Although there are some conflicting studies, ADegB to impact career choice. Wei, et
al. found that participants with a diagnosis of Afior to employment did not necessarily avoid
high-exposure occupations in their first fSbNyren, et al. corroborated findings that childioo
AD does not appear to affect career choice, gitiahéxposure to irritants was similar between
employees with and without AD, with similar progorts of the two groups in high-risk jof5.

However, of the 100 participants of a 2002 Danisivesy, 38% reported declining educational or
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occupational opportunities due to their AD, a petage that the authors suggest may
underestimate the true number, as there may benpativho subconsciously avoided certain
occupations® Respondents who endorsed career choice influepoeted avoiding certain
occupations such as those in healthcare, foodcggrand cleaning and maintenance because of
concerns of exacerbating their AD or developingolo hand dermatitis and/or secondary
infection® The authors note that AD patients inherently havéncreased risk of hand
involvement without exposure to irritants, but geational exposure further increases the
likelihood, which provides basis for the concdtnA separate study found that employees with
AD, loss-of-function filaggrin (FLG) gene mutaticenryd a history of hand dermatitis prior to age
15 were unlikely to choose careers with irritarpesure>’

Patients with AD are more likely to change joberiiployed in ones that are high-risk for
hand eczema. Nyren, et al. reported that peoyteshildhood AD had a higher risk of
developing occupational hand dermatifisThis study and that of Holm, et al. both found an
association between job change due to eczema ghetibk occupations such as healthc&rg.

In particular, a study of hairdressers reported significantly more hairdressers with AD
changed professions than those who remained (p1)).and there was a direct correlation
between having AD and leaving the profession dueatwl dermatitis> Thus, AD may
influence occupational changes after entering higkjobs, possibly because of new insight to
how such jobs can worsen their condition. A staflgccupational hand dermatitis (not limited
to AD-related hand dermatitis) reported 22.9% otipgants (n = 612) lost their job in the past
year due to their condition, especially in foodatetl jobs® While this number includes
dermatoses other than AD, employees with AD areemabrisk for contact dermatitis, which is

important to consider when choosing a career.
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Effect on education

Opportunity costs are difficult to illustrate sintés impossible to determine the life
course of any individual given different circumstas. What is known is the impact of AD on
children’s sleep and behavior is correlated to tiegampacts on intelligence quotient (1Q),
verbal comprehension, perceptual reasoning, primgespeed, and working mematy.in
particular, neurocognitive performance in AD chidiwas reduced by 16 1Q points compared to
matched controls, and 8 points lower than expefttetheir age’’ It follows that these
hinderances could create barriers to educatiorcarekr opportunities in the future.

The estimated cost of AD may very well be an unstereate when considering the
aforementioned factors. Considering the disabdiyusted life years (DALY) and years lived
with disability (YLD) of “eczema” (a broad categangt limited to AD) is the highest of all
studied skin disorders including psoriasis, at $®02010 for all ages and genders, or $129 per
100,000 age-standardizetf’it becomes clear that the disease creates notadakge economic

burden annually, but one compounds over the cafrseny years.

CONCLUSION

In this paper, we highlighted both the role SE§pla AD risk and the substantial SES
effects of AD. Many studies have reported thahbrgSES is associated with increased AD
prevalence, while lower SES is associated withéased AD severity. Regardless of patient
SES, AD creates substantial direct costs that tffifecpatient, patient’s family, and the payer.
Additionally, the effects of the disease createregnt costs from absenteeism and presenteeism,

as well as opportunity costs from hinderancesamimg, affecting patient SES and the



346

347

348

349

350

351

352

16

economy. These costs are not included in costetrgpaalyses generated by standard economic
health models in their consideration of treatmeitity) or their impact on patient quality of life.
Therefore, these models are potentially underetitignéhe value of novel, effective treatments
on indirect costs, prevention or subsequent refiebmorbidities, and patient life course. Given
the substantial and growing burden on the patiedtthe economy when access to appropriate
treatment is limited, the socioeconomic burden Df l&presents a tangible public health concern

that must be addressed.
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Tables

Table 1.

Costs of Atopic Dermatitis (AD)

Direct Costs

Indirect Costs

visits to dermatol ogist and/or alergist
medical billing

appointment copayments
transportation to and from the
appointment and pharmacy
prescription medications from topical
cortisones to biologics
over-the-counter medications and
products such as moisturizers and
occlusive gloves

|aboratory tests such as routine liver
function tests for biologics
procedures such as wet dressings, light
therapy

hospitalizations or emergency care
caregiver, home aide

skin cancer screenings in patients who
have used psoralen and ultraviolet A

therapy

absenteeism from time taken off for
appointments, or being asked to leave
due to condition especially in food
service

presenteeism from lack of
concentration due to pruritis

loss of employment due to condition
social burden causing embarrassment
that may prevent individuals from
going to socia outings or even work
psychological burden from lack of
sleep secondary to pruritis, depression,
anxiety, suicidal ideations due to
condition




