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ABSTRACT

Previous studies indicate racial/ethnic differeniogsealthcare utilization for pediatric atopic
dermatitis (AD) but do not account for disease sgvenpact. We sought to examine the
relationship between race/ethnicity and healthaétieation, both overall and by specific visit
type, while accounting for AD control. A longituwil cohort study of children with AD in the
U.S. was performed to evaluate the associationdsstwace/ethnicity and healthcare utilization
for AD. AD control and healthcare utilization weassessed biannually. Our study included
7,522 children (34.2% white, 54.2% black, 11.5%pdrsc) who were followed for a median of
4 (IQR 0.9-8.4) years. After adjusting for sociodmraphic and other factors, black and
Hispanic children were up to nearly 3-fold moreslikthan white children to receive medical
care for AD across almost all levels of AD contBlack and Hispanic children had higher odds
of primary care and emergency visits compared tibashBlack children with poorly controlled
AD were significantly less likely to see a dermatpst than white children with similarly poorly
controlled AD (OR 0.74, 95% CI 0.64-0.85 for lindteontrol; OR 0.59, 95% CI 0.47-0.76 for
uncontrolled AD). Together, these findings sugglestpresence of racial/ethnic disparities in

healthcare utilization for AD.



INTRODUCTION

Atopic dermatitis (AD) is a chronic inflammatoryisldisease that affects up to 30% of children
(Odhiambo et al., 2009) and is associated withiogimt medical, quality of life, and financial
burdens (Drucker et al., 2017, Silverberg and Sonp&013). In the United States, AD is more
common among black than white and Hispanic childkém et al., 2018, Prevention, Shaw et
al., 2011). AD may also be more severe and pengiataong racial/ethnic minority children

(Kim et al., 2018, Silverberg and Simpson, 2014laRvely little is known about healthcare
utilization patterns for AD, both overall and bye#ethnicity, and their relation to disease
severity. Some data suggest that there may bd/edhizc disparities in healthcare for AD
whereby black children in the U.S. are less likblgn white children to receive medical care for
their skin disease (Fischer et al., 2017). Howeaemong those accessing care, minority children
had more ambulatory visits for their AD (Fischerkt 2017), which has also been suggested in
other work (Horii et al., 2007, Janumpally et 2D02). These latter findings may be an indicator
of more severe AD among racial/ethnic minority dreh, but prior studies have been unable to
directly evaluate the effect of AD disease sevarityhealthcare utilization. Furthermore,
children with AD seek care in a variety of medisattings, including primary care, specialties
such as dermatology or allergy, and the emergesmyy however, their patterns of healthcare
utilization across different provider or care s&jti remain uncertain. Given the relative paucity
of studies that have evaluated healthcare utibnafor AD, especially across racial/ethnic
groups, the purpose of our study was to furthecigate the relationship between race/ethnicity
and healthcare utilization, both overall and byc#pevisit type, for AD among U.S. children
while accounting for disease control. We hypothe$ithat racial/ethnic minorities would have

different patterns of healthcare utilization thanitess, independent of AD disease control.



RESULTS

Our study included 7,522 subjects of whom 2,5762%4 were white, 4,078 (54.2%) were

black, and 868 (11.5%) were Hispanic. The mediaatéhn of follow-up across all subjects was
4 (IQR 0.9-8.4) years. Baseline characteristidghefsubjects are presented in Table 1. The
median age at registry enrollment was approximaiglyears and similar across all three
race/ethnicity groups, though small differencesenfetind to be statistically significantly
different. The proportion of males was higher amagies than among blacks and Hispanics
(51.3% versus 43.7% and 45.9%, p < 0.001). Medignoh AD onset was similar across all
groups; however, AD duration was slightly longeroam whites. Annual household income was
significantly different across racial/ethnic growpish a greater proportion of black and Hispanic
individuals reporting household incomes below $28,8nd a greater proportion of whites being
in the highest income category of $100,000 or nfpre 0.001). All geographic regions of the
U.S. were represented in the cohort (Figure 1);év@n, the South and Midwest were relatively
over-represented compared to the Northeast and. Weste were greater proportions of whites
in the Midwest, blacks in the South, and Hispamadhe West. The median urban influence code
(UIC) value was 1 or 2 in all three groups, indiegtlarge and small metropolitan living
environments, respectively. There were also sigaifi differences in baseline AD disease
control across the groups with fewer whites repgrtincontrolled disease relative to blacks and
Hispanics (7.8% versus 10.3% and 11.9%, p < 0.00gyeater proportion of whites reported
having asthma (51.5% versus 44.6% and 37.5%, pG1Pand seasonal allergies (72.3% versus

58.1% and 52.1%, p < 0.001) than blacks and Hisgareéspectively.



Over the course of follow-up, the proportion of gals reporting at least one healthcare
provider visit in the prior 6 months generally deetl over time among all three groups (Figure
2). Compared to whites, a greater proportion ofbknd Hispanic subjects reported at least 1

visit to any provider or a primary care provideeotime.

In multivariable analyses, we found significantdance of effect modification by AD disease
control; adjusted ORs measuring the associationdest race/ethnicity and healthcare utilization
for AD were therefore stratified by level of diseaontrol (Figures 3 and 4). For the primary
outcome, both black and Hispanic subjects had fsignily higher odds of seeing any healthcare
professional compared to white subjects acrods\als of disease control with the exception of
the uncontrolled disease group among Hispanicsi(€ig). The strength of the association
between race/ethnicity and healthcare utilizatmmAD was attenuated with poorer disease
control. Among black subjects, the OR for any Healte provider visit was greatest among
those with complete disease control (OR 2.72, 99%.28-3.25) and smallest among those with
uncontrolled disease (OR 1.47, 95% CI 1.06-2.04imilar pattern was observed among
Hispanic subjects whereby the OR among those woitipdete disease control was estimated at
2.87 (95% CI 2.17-3.80) and was lowest among toteuncontrolled disease (OR 1.30, 95%

C10.74-2.26).

In adjusted analyses examining specific types aftheare visits, both black and Hispanic
subjects had higher odds of primary care and emeyge@om visits compared to whites across
all levels of disease control, though not statlycsignificant in most cases among those with

uncontrolled disease (Figure 4). These associati@ne strongest among those with complete



disease control and decreased with poorer disesgeot; similar to what was observed for the
primary outcome. The patterns for dermatology sigiere different. Among those with

complete disease control, both black and Hispaumigests were more likely than whites to have
seen a dermatologist (OR 1.77, 95% CI 1.34-2.34GIR®.15, 95% CI 2.15-4.62, respectively).
Among those with good disease control, only Hispauibjects remained more likely to have
seen a dermatologist than whites (OR 1.58, 95% Z9-2.88), whereas black subjects were
equally as likely to have seen a dermatologist laises (OR 0.90, 95% CI 0.78-1.04). Of note,
among those with either limited control of their Abuncontrolled AD, black subjects were
significantly less likely than whites to have seetlermatologist (OR 0.74, 95% CI 0.64-0.85
and OR 0.59, 95% CI 0.47-0.76, respectively) wtiikre were no statistically significant
differences in the odds of Hispanic subjects seaidgrmatologist compared to whites (OR 1.18,
95% CI 0.96-1.47 and OR 0.99, 95% CI 0.69-1.4%eesvely). Regarding other medical
providers, blacks were less likely to have seenathgr types of health professionals than whites
across all levels of disease control. Hispanios i lower odds of having seen other medical
providers than whites but the association was etaistically significant among those with

limited disease control.

The ORs for other covariates from the multivariaiglgression models are shown in Table 2. Of
note, males had lower odds of any healthcare yisiary care visit, and dermatology visit.
Relative to subjects in the lowest income categihiyse in the higher income groups were less
likely to have visited any healthcare professiopatticularly primary care. Subjects in the
higher income groups were also less likely to Haae an emergency room visit but increasingly

more likely to have seen a dermatologist. Havirtraa was associated with greater odds of an



emergency room visit and visit with other healtlegaroviders. Having seasonal allergies was
associated with greater odds of all healthcarg¢svigpes except for emergency room visits. A
sensitivity analysis additionally adjusting for geaphy using region of residence in addition to
UIC, the latter of which was used in the primarglgsis, did not alter the primary findings (data

not shown).

We evaluated the proportion of missing survey rasps and found the distribution to be similar
across all race/ethnicity groups (Figure S1), iesi with the idea that missingness is
independent of race/ethnicity. Additionally, thesbline characteristics of subjects with0% of
their scheduled surveys missing compared to thabex80% missing surveys were similar

(Table S1).

DISCUSSION

In this study of a large, diverse longitudinal cdtaf children with AD and access to health care,
we found important differences in healthcare wtiian patterns for AD by race/ethnicity and
disease control. On average, compared to whitdrem| black and Hispanic children were up to
nearly three times more likely to have had any wediisits for AD across almost all levels of
disease control with the most striking differenobserved among those with better disease
control. In particular, black and Hispanic childmeare more likely than white children to have
seen a primary care provider or visited the emeargeoom for their AD. Black children with
complete disease control and Hispanic children watmplete and good disease control were
also more likely than white children to have seeleanatologist for their AD. In contrast,

among those with poorly controlled AD (i.e., limdteontrol or uncontrolled), black children



were less likely than white children to have seeleranatologist. Importantly, these racial/ethnic
differences in healthcare utilization persiste@rmafontrolling for sociodemographic factors, AD
history, and atopic comorbidities. Together, owutes suggest that previously described
racial/ethnic disparities in AD healthcare utilipat are not fully explained by differences in AD
severity across racial/ethnic groups; after siyeig by AD disease control, we still observed

significant racial/ethnic differences in healthcaists for AD.

To our knowledge, our study is the first to evadula¢althcare utilization for AD in children
while simultaneously accounting for AD control asdthus, an important addition to the limited
existing literature on this topic. To date, onlfea studies have assessed racial/ethnic
differences in healthcare utilization for AD. Ircemt work, Fischer et al. found that black
children with AD in the U.S. were less likely thasite children to have had at least one
outpatient visit for AD (Fischer et al., 2017). Hewer, among those accessing medical care,
black children had greater healthcare utilizateopattern also observed in our current study,
which was thought to be an indicator of more seyddeOlder studies using data from the
National Ambulatory Medical Care Survey and Natiddaspital Ambulatory Care Survey also
found that blacks and Hispanics were more likenttwhites to receive care for AD despite
lower healthcare utilization overall (Horii et 2007, Janumpally et al., 2002). However, a
major limitation of these previous studies is thekl of information on AD severity and an
inability to account for disease severity effeatshealthcare utilization. In our current study, we
leveraged PEER data to address this limitationfandd that for any given level of disease
control, black and Hispanic children were still mdikely to visit a healthcare provider for their

AD. Furthermore, unlike most previous studies, wanained patterns for specific visit types and



found differences in the utilization of primary egroviders, dermatologists, and the emergency
room that suggest the presence of racial/ethngadiges in AD care. Consistent with our
findings, a recent U.S. survey study also found iteck and Hispanic adults with AD were

more likely to report emergency or urgent caretyi®r AD compared to whites (Silverberg et
al., 2019); however, the effect of disease severitgmergency or urgent care Vvisits was not

evaluated, and examination of other medical wgies by race/ethnicity was not performed.

As we were unable to determine the precise tempelationship between AD control and
healthcare visits in our study, the interpretatdour findings is complex. AD severity is likely
an important driver of healthcare utilization beglthcare utilization also impacts the level of
AD control. For children who had complete or goodtcol of their AD, one interpretation of

our data could be that black and Hispanic childrenmore likely than white children to visit a
medical provider because their skin disease is-e@itrolled. As this is an unlikely scenario, we
favor an alternative interpretation that black &hspanic children are more likely than white
children to require medical visits for their AD @ander to achieve complete or good control of
their skin. With regards to specific visit typesy @ata also suggest that black and Hispanic
children are more likely than white children toives dermatologist or emergency room in order
to maintain complete AD control. Our observatioasld, in part, be related to possible inherent
biological differences in AD activity or therapautesponse across racial/ethnic groups. It has
been suggested that AD may be more severe amorggityichildren (Silverberg and Simpson,
2014), hence they may require more medical caaeheve adequate disease control. It is also

possible that differential access to healthcareigess and treatment across racial/ethnic groups,



as has been observed for other diseases (Melfi @080, Melia et al., 2011), may partly drive

the different healthcare utilization patterns oledr

Among children with limited AD control or unconttetl AD, black and Hispanic children
remained more likely than white children to havd hay medical visits, specifically primary
care and emergency room visits. However, the veatifferences between the racial/ethnic
groups were substantially attenuated compareditdreh with complete or good disease
control. Collectively, these data indicate thateasst for primary and emergency care,
differences in healthcare utilization among raetéhic groups are smaller when AD is poorly
controlled. This was also observed for dermatohigits among Hispanic versus white children.
Yet, black children with poor AD control were 25%0ess likely than white children with
similarly poorly controlled AD to have seen a detohagist for their skin disease, suggesting a

disparity in specialist care for AD where it wodlédem most needed.

The reasons for these observed differences inHoaa# utilization patterns for AD by
race/ethnicity are unclear and could be due tamwuarfactors including differential access to
primary, emergency, and specialty care as wellfeereint preferences for specific types of
medical care. While we tried to minimize the impattnedical access-related factors on
healthcare utilization by controlling for househ@ldome and rurality of residence, additional
confounding by insurance status, for example, milyegist. Although preferences for specific
types of medical care have not been directly stugehe setting of dermatologic care, one
gualitative study of patients of low socioeconostiatus identified greater accessibility, lower

cost, and perceptions of higher quality care asamsfor such patients to prefer and use acute

10



hospital over primary care (Kangovi et al., 20R)rther research will be important in exploring
reasons for existing racial differences and po#tulisparities in healthcare utilization for AD.
Nevertheless, our findings emphasize the needtime healthcare utilization for minority
children with AD, which should include ensuring @ss to high-quality and routine primary
care, appropriate referral to dermatology, andgodis use of emergency care, the financial
burden of which has been estimated to be incregkwg and Silverberg, 2018), for this chronic
disease. Our findings that minority children arerenkely to seek primary and emergency room
care for AD also suggest the importance of dirgctiture interventions to reduce disparities in

AD care at these points of contact with the healthsystem.

There are additional limitations to consider in study. First, the PEER data are based on self-
report, introducing the potential for recall andsof@ssification biases. While differential
reporting of outcomes or disease control by rahaieity could also potentially confound our
results, the missingness of data did not vary bg/eghnicity, suggesting that this is unlikely.
Second, it is possible that unmeasured variableds as insurance status may serve as
confounders for the estimated associations. Ttaelsmall numbers of subjects in other
racial/ethnic groups precluded us from includingnthin this study. Fourth, as subjects were
initially enrolled in PEER through a physician’diog, the population in PEER may not be
generalizable to children who are not accessinghuzae for their AD. Generalizability may
also be limited by the requirement for subjectBduge used topical pimecrolimus prior to
registry enrollment. Topical pimecrolimus is a coanty used treatment for mild-to-moderate
AD, and PEER likely represents a population whoBewsas severe enough at enroliment to

require topical therapy. Our findings may also lbetgeneralizable to non-U.S. or adult

11



populations. Nevertheless, PEER is one of the sir@ed longest longitudinal cohorts of
children with AD in the U.S. and provides a riclusze of data on healthcare utilization for

individual children over time.

CONCLUSION

Compared to whites, black and Hispanic childrethenU.S. are, on average, more likely to have
a medical visit for AD, across nearly all levelsAdd control and independent of other
sociodemographic factors and atopic comorbiditias. data suggest the presence of
racial/ethnic disparities in healthcare utilizatfon AD including greater utilization of the
emergency room among black and Hispanic versusewhitdren across almost all levels of
disease control and underutilization of dermatdtsgspecifically among black children with
poor AD control. Future work will be needed to ursand the factors driving these differences
in healthcare utilization and to design intervemsi¢o eliminate these suggested disparities in

AD care for children.

MATERIALSAND METHODS

Study design and data sour ce

We conducted a cohort study using data from theéaedlEczema Elective Registry (PEER), an
ongoing longitudinal prospective cohort of childreith AD. PEER was primarily created for a
post-marketing safety evaluation of the risk ofigr@ncy associated with pimecrolimus cream,
a common topical calcineurin inhibitor for the traant of AD (Margolis et al., 2015). At the

time of enrollment, all subjects in PEER were 2Toyears old, had a physician-confirmed
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diagnosis of AD, and had used pimecrolimus creamatiteast 6 weeks. Subjects were not
required to continue pimecrolimus treatment to ri@mathe cohort, and most did not (Kapoor et
al., 2009). Subjects completed a baseline quesdioaat enrollment that collected information
on basic demographics including race, ethnicitygl socioeconomic status. At baseline and
every six months thereafter, subjects were alseesed about their AD disease control in the
preceding 6-month period, measured as completeatpgbod control, limited control, or
uncontrolled. Subjects also reported treatmentnsevisits to a pediatrician, family physician,
dermatologist, emergency room, nurse, or other caégrofessional specifically for AD in the
preceding six months. Subjects in the PEER regatyfollowed for up to 10 years for a total of
up to 21 surveys. Informed written consent wasiobthfrom each study participant. The
present study was granted exempt status by theelity of Pennsylvania Institutional Review

Board.

Study population

We included subjects who were enrolled between Ninex 2004 and September 2017 and who
self-reported race/ethnicity as non-Hispanic wltiereafter referred to as white), non-Hispanic
black (hereafter referred to as black), or Hispa@ither racial groups were excluded due to

small numbers.

Definitions of exposur e and covariates

Race/ethnicity was the primary explanatory variaislexposure, categorized as white
(reference), black, and Hispanic. Current age,od@d onset, gender, duration of AD, annual

household income, zip code of residence, and tbgepce of asthma and seasonal allergies were
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determined at enroliment. Zip codes were usedgigas UIC to each subject’s county of
residence. UIC is a measure of rurality that hanhesed in health services research and ranges
from one (most urban) to 12 (most rural) (Baerletl®97, Hall et al., 2006). Information on AD
disease control was obtained from baseline andchbarsurveys. In previous analyses of PEER
data, self-reported AD disease control has dematestisubstantial to moderate agreement with
the Patient-Oriented Eczema Measure (POEM), apatient-reported outcome measure used in

AD research (Chang et al., 2017).

Definitions of outcomes

The primary outcome was healthcare utilizationA8r defined by at least one visit to a
healthcare provider (pediatrician, family physigidermatologist, emergency department, nurse,
or other healthcare provider) in the precedingisonths specifically for AD. We also examined
visits to specific healthcare providers as follopsmary care (pediatrician, family physician, or

nurse), dermatology, emergency room, and othethtzak provider.

Statistical analysis

Comparisons of baseline characteristics betweeslgtmicity categories were evaluated using
ANOVA F-tests for continuous variables ayfttest for categorical variables. To assess the
association between race/ethnicity and healthdéization for AD, we used binary-outcome
(logistic) generalized estimating equations (GEHE#) a working independence correlation
structure to estimate covariate-adjusted oddssé@d&R) while accounting for repeated
healthcare utilization measures for each subjexpiatate analyses were performed for the

primary outcome and each of the four secondaryoms. In each analysis, we adjusted for

14



time-stable covariates of gender, age at AD omsetyal household income, UIC, and atopic
comorbidities (asthma and seasonal allergies)tlamtime-varying covariates of AD duration
and disease control. We also tested for an inierabetween race/ethnicity and AD disease
control. A sensitivity analysis additionally adjust for geographic region was also performed.
Since the GEE method requires the assumption tissimgness in the outcome occurs
completely at random, we examined missing datepatto determine if there was any clear
evidence that this assumption was violated (TakleFgjure S1). Analyses were conducted

using R 3.4 (R Foundation), SAS 9.4 (SAS Institatg, and Stata 15.1 (StataCorp).
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Table 1. Baseline Characteristics of Study Participants

. . a White Black Hispanic
Basdline Variable N = 2576 N = 4078 N = 868 p-value®
Age at enrollment (years) 6.58 (3.91-10.32) €481 -10.58) 6.04 (3.87 - 9.96) 0.049
Male sex 1321 (51.3%) 1781 (43.7%) 398 (45.9%) <0.001
Annual household income (USD) <0.001
$0-$24,999 378 (14.7%) 2465 (60.5%) 427 (49.5%)
$25,000-$49,999 394 (15.3%) 490 (12.0%) 185 (21.4%)
$50,000-$74,999 323 (12.5%) 116 (2.9%) 67 (7.8%)
$75,000-$99,999 228 (8.9%) 56 (1.4%) 17 (2.0%)
$100,000 or more 295 (11.5%) 51 (1.3%) 9 (1.0%)
Prefer not to answer 958 (37.2%) 895 (22.0%) 1833%)
Region <0.001
Northeast 261 (10.1%) 253 (6.2%) 103 (11.9%)
Midwest 665 (25.8%) 755 (18.5%) 108 (12.4%)
South 1502 (58.3%) 2956 (72.5%) 540 (62.2%)
West 121 (4.7%) 50 (1.2%) 113 (13.0%)
Urban influence code 2(1-6) 2(1-2.33) ) <0.001
Age at atopic dermatitis onset (years) 0.75 (0.2p - 0.75(0.75 - 3) 0.75(0.25 - 4) 0.12
Duration of atopic dermatitis (years) 4.11 (2.309) 4.08 (2.33 - 7.28) 3.55(2.04 - 6.23) <0.001
Atopic dermatitis disease control <0.001
Complete 183 (7.1%) 135 (3.3%) 64 (7.4%)
Good 1319 (51.2%) 1855 (45.6%) 373 (43.1%)
Limited 871 (33.8%) 1662 (40.8%) 325 (37.6%)
Uncontrolled 201 (7.8%) 419 (10.3%) 103 (11.9%)
Asthma 1326 (51.5%) 1814 (44.6%) 325 (37.5%) <0.001
Seasonal allergies 1856 (72.3%) 2364 (58.1%) (8811%) <0.001

Notes:

a) Median and interquartile range reported focatitinuous variables. Counts and proportions [Bl@)] ¢eported for all
categorical variables. Counts may not match sasipedue to missing-ness.

b) p-values were calculated using ANOVA F-testsdmntinuous variables and Chi-squared tests fagoaical variables.
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Table 2. Adjusted Odds Ratios (OR) for Healthcar e Utilization Outcomes from Multivariable M odd

Multivariable Model Variables, Any Visit Primary Care Dermatology Emergency Other
OR (95% CI) N = 7357 N = 7306 N =7148 N =7101 N=7131
Male sex 0.84 (0.77 - 0.91) 0.89 (0.83 - 0.96) F®BI3-0.89) 0.91 (0.78 - 1.07 0.97 (0.88 - 1.08
Annual household income (USD)
$0-$24,99¢ Referenc Referenc Referenc Referenc Referenc
$25,00(-$49,99¢ 0.77 (0.6¢-0.88 0.74 (0.65-0.83 1.3(1.12-1.51 1.03(0.81-1.31 | 0.92 (0.7¢- 1.09;
$50,000-$74,999 0.55 (0.47 - 0.63) 0.45(0.3920.5 1.42(1.18-1.7) 0.53(0.39-0.72) 0.97 (0.181)
$75,000-$99,999 0.51 (0.43-0.62) 0.39 (0.33-0.48) 1.55 (1.2493) 0.33(0.2-0.54) 1.01 (0.77 - 1.31)
$100,000 or more 0.57 (0.48 - 0.68) 0.39 (0.32-0.47) 1.94 (1.2985) 0.39 (0.25 - 0.6) 1(0.77-1.3)
Prefer not to answer 0.87 (0.78 - 0.97 0.85 (6.0B4) 1.16 (1.01 - 1.33) 1.14 (0.93 - 1.4 127 ¢ 1.45)
Urban influence code 0.99 (0.98-1.01 1.02 (041 0.94 (0.92-0.97) 1.00 (0.96-1.04) 1.0021-1.06)
Age at atopic dermatitis onset (years 0.97 (0.988) 0.97 (0.95-0.98) 1.00 (0.98 - 1.01) 0096 - 1.02) 0.98 (0.96 - 1)
Duration of atopic dermatitis (years) 0.95 (0.9596) 0.95 (0.94 - 0.96) 0.99 (0.98 - 1) 0.98 (0.909) | 0.97 (0.96 - 0.98)
Asthme 1.02 (0.9%-1.11] 1.05 (0.9€¢-1.14 0.96 (0.8¢- 1.06; 1.33(1.1%-1.56 | 1.29 (1.1%-1.44;
Seasonal Allergies 1.17 (1.07-1.28 1.11 (1.021) 1.17 (1.05-1.31) 1.13(0.95-1.35) 1.7641 2.02)
Intercep 0.36 (0.3-0.43’ 0.29 (0.24-0.35 0.03 (0.0z 0.04 0.005 (C- 0.01 0.02 (0.0z- 0.03’
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FigureLegends

Figure 1. Geographical distribution of study subjects. Each circle represents an individual zip
code, and the size of the circle reflects the nurobendividuals within a zip code. Five subjects
were missing zip code data, and 240 zip codes waable to be matched for mapping.

Figure 2. Proportion of subjectswith at least one visit

Figure 3. Odds of any health professional visit by race/ethnicity and atopic der matitis

disease control

Figure 4. Odds of specific health professional visits by race/ethnicity and atopic der matitis

disease control
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Supplementary Material
Table S1. Characteristics of study participants with more than half of surveys missing

Figure S1. Distribution of missing surveys (outcomes) by race/ethnicity
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