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GRAPHICAL ABSTRACT
Background: Atopic dermatitis (AD) is more common among
African American children. Whether there are racial/ethnic
difference among adults with AD and the causes for those
disparities are unclear.
Objective: We sought to examine the relationship between
self-reported race/ethnicity and AD and determine whether
African genetic ancestry is predictive of these outcomes among
African American subjects.
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Methods: We analyzed data from 2 independent multiethnic
longitudinal studies: 86,893 subjects aged 18 to 100 years from
the Kaiser Permanente Genetic Epidemiology Research on
Adult Health and Aging (GERA) cohort and 5467 subjects aged
2 to 26 years from the national Pediatric Eczema Elective
Registry (PEER) cohort. The primary outcomes were
physician-diagnosed AD in GERA and repeated measures of
self-reported disease control among patients with
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Abbreviations used

AD: Atopic dermatitis

GERA: Genetic Epidemiology Research on Adult Health and Aging

ICD-9: International Classification of Diseases, ninth edition

PEER: Pediatric Eczema Elective Registry

PRS: Polygenic risk score
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physician-diagnosed AD at 6-month intervals in PEER. We
examined whether self-identified African American race/
ethnicity was predictive of these outcomes and then tested
whether a continuous measure of African genetic ancestry was
associated with outcomes within the African American group.
Results: AD was more common among self-identified African
American subjects than non-Hispanic white subjects in GERA
(4.4% vs 2.1%; odds ratio, 2.06; 95% CI, 1.70-2.48) and less
well-controlled in PEER subjects (odds of 1-level worse control,
1.91; 95% CI, 1.64-2.22). However, African genetic ancestry was
not associated with AD risk or control among self-identified
African American subjects in either cohort, nor did an AD
polygenic risk score or genetic skin pigment score explain the
AD disparities in patients with AD.
Conclusion: Ancestry-related genetic effects do not explain
increased AD prevalence or poorer disease control among
African American subjects. (J Allergy Clin Immunol
2020;145:192-8.)

Key words: Atopic dermatitis, eczema, genetic ancestry, disease
control, racial/ethnic disparities

Data from cross-sectional studies suggest that atopic dermatitis
(AD; synonymous with atopic eczema)1 is more common and
more severe among African and African American children
than non-Hispanic white children, but there are conflicting reports
about whether AD remains more common among African
American subjects as they age and little data about why racial/
ethnic disparities might exist in patients with AD.2-7 Data on
physician-diagnosed disease are sparse, and existing estimates
might be biased by self-report and are limited to a single time
point.8 Using a longitudinal registry of children and young adults
with physician-diagnosed mild-to-moderate AD, we previously
found that African American race/ethnicity was one of the
strongest predictors of a pattern of persistently active (vs
resolving) AD during adolescence and early adulthood.9 Because
AD often waxes and wanes in severity, with extended periods of
apparent disease remission in some patients, additional studies
are needed to understand the nature of racial/ethnic disparities
in both children and adults.

Investigations into the nature and causes of disparities in AD
might elucidate mechanisms of disease susceptibility and
persistence and can inform targeted intervention strategies.
AD is known to have strong genetic, environmental, and
sociocultural influences,10 but there are limited data on the
extent to which these factors might affect racial/ethnic
disparities. To date, most genetic research has been performed
in European and Asian populations; however, 1 recent
genome-wide association study found a novel locus for AD in
African American subjects.11 Additionally, some studies
suggest that filaggrin-null mutations (the strongest known
genetic risk factor for AD) are less common in populations of
African descent, although other studies suggest these findings
might be due to technical genotyping limitations.12-16 Therefore
additional research is needed to understand whether the
increased burden of AD in African American subjects is caused
by other genetic or nongenetic factors.

Race and ethnicity are complex constructs that incorporate a
range of social, cultural, and genetic factors. For ancestrally
admixed populations, measures of individual genetic ancestry can
be calculated that represent differentially distributed genetic
factors that vary according to historical geographic separations.
African American subjects typically have a mix of genetic
ancestry from European and African populations and a score
ranging from 0% to 100% that represents the ancestry proportions
from those 2 populations can be calculated for each subject.17

A subject’s proportion of a particular genetic ancestry, which
is continuous, might offer a more nuanced method for
understanding disparities in outcomes beyond simple
dichotomous self-identified racial and ethnic categories, and
genetic ancestry analyses are increasingly being used to
understand the genetic contribution to disease traits in admixed
populations.18-20 For example, African genetic ancestry has been
shown to predict lung function and asthma exacerbations among
AfricanAmerican subjects better than self-reported race/ethnicity
alone.19,21 To our knowledge, no studies have yet examined the
role of genetic ancestry in patients with AD.

The objectives of this study were to determine (1) whether
there are differences in AD prevalence and control between
self-identified US African American and white subjects and
(2) whether African genetic ancestry and/or polygenic risk scores
(PRSs) underlying AD and skin pigment are predictive of these
outcomes among African American subjects in 2 large US
cohorts. The rationale for a 2-stage approach is to understand
whether genetic factors provide additional explanatory evidence
regarding AD disparities beyond self-identified race/ethnicity
alone.
METHODS

Cohorts
The Genetic Epidemiology Research on Adult Health and Aging (GERA)

cohort, which is described in detail elsewhere, is health system based and

includes adults aged 18 years and older.22 It was created to enable studies of

genetic and environmental influences on health. Briefly, adult members of

Kaiser Permanente Northern California, an integrated health delivery system

with a membership of about 4.1 million representative of the general

population in northern California, were asked to complete a written survey,

completed a broad written consent form, and provided a saliva sample for

extraction of DNA to be linked to their electronic health record. The mean

length of electronic health record follow-up is 23.5 years. Broad written

consent was obtained, and the study was approved by the Institutional Review

Board of the Kaiser Foundation Research Institute.

The Pediatric Eczema Elective Registry (PEER) is an ongoing prospective

observational registry of patients aged 2 to 26 years with physician-diagnosed

mild-to-moderate AD from across the United States. The study was designed

to investigate whether pimecrolimus, a topical calcineurin inhibitor, is

associated with cancer, and an inclusion criterion was pimecrolimus use for

at least 6 weeks before enrollment.23 The diagnosis of ADwas confirmed with

the UK Working Party criteria.24 Patients are followed with mailed surveys

every 6 months for up to 10 years, and follow-up is independent of office visits

and treatment decisions. After enrollment into the cohort, participants were

asked to provide additional consent and saliva samples through mail for

DNA extraction. The study was approved by the University of Pennsylvania
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Institutional Review Board. We included data from participants with at least 1

follow-up survey in the registry between 2004 and 2016; the mean duration of

follow-up was 6.2 years.

In both cohorts participants were asked in a baseline questionnaire to select

1 or more race/ethnicity/nationality categories that best described themselves.

For this study, we only included subjects who self-identified as African

American and/or non-Hispanic white. In the GERA cohort 93.8% of

participants endorsed a single race/ethnicity/nationality group and 6.2%

endorsed 2 or more, and in the PEER cohort 93.1% of participants endorsed a

single race/ethnicity group and 6.9% endorsed 2 or more. Subjects who

endorsed more than 1 race/ethnicity group were included with the African

American group for the primary analyses provided that African American/

black ethnicity was at least 1 of the categories endorsed. In a sensitivity

analysis we repeated main analyses excluding these subjects.

DNA samples were available by design for all of the GERA participants

and for 755 (13%) subjects enrolled in the PEER cohort. For the latter, those

who provided samples were more likely to self-identify as white and have a

history of atopy, younger age at onset, higher family income at baseline, and

longer duration of follow-up in the cohort (see Table E1 in this article’s Online

Repository at www.jacionline.org).
Genetic ancestry estimation
In GERA a principal components analysis was performed with the

smartpca program, which is part of the EIGENSOFT 4.2 software package,

on data genotyped with Affymetrix Axiom arrays.25 Individual ancestral

admixture proportions were then estimated by using the full maximum-

likelihood software package frappe to calculate the probability of a set of

genome-wide genotypes in a subject as a weighted average of allele fre-

quencies of putative ancestors, where the weights represent the admixture

proportions.17,26,27

In PEER a panel of 186 previously validated ancestry informative

markers28,29 genotyped with Illumina’s GoldenGate technology (Illumina,

San Diego, Calif) was used to estimate genetic ancestry. Ancestry estimates

were calculated assuming 3 ancestral populations by using a model-based

clustering approach with the program STRUCTURE.30
AD PRS
A genome-wide genetic ancestry estimate might not accurately reflect the

specific genetic variants that underlie the risk for AD. Therefore, using the

most recently published genome-wide association study of AD,31 we con-

structed a PRS for AD risk using 27 single nucleotide polymorphisms and

weights based on the regression coefficients in that study.
Skin pigment PRS
We also tested the hypothesis that differences in skin pigment between

European and African American subjects could underlie the difference in risk

of AD between the 2 racial/ethnic groups. To test this hypothesis, we created a

dark versus light skin pigment PRS based on 39 single nucleotide poly-

morphisms from a recent study of skin color.32
Primary outcomes
The primary outcome in GERAwas a physician’s diagnosis of AD defined

on the basis of 2 or more International Classification of Diseases, ninth edition

(ICD-9), codes for AD (691.8) on separate dates. In sensitivity analyses we

tested the effect of varying the number of codes required to meet the definition

from 1 to 3.

In PEER all of the participants had physician-diagnosed AD, and the

primary outcome was a repeating measure of disease control. Patients were

asked the following: ‘‘During the last 6 months would you say your (or your

child’s) skin has shown complete disease control, good disease control, limited

disease control, or uncontrolled disease?’’ They were also asked whether they

had used any prescription treatments for their AD. Inactive disease was

defined as self-reported complete control without treatment. The disease
control question was chosen because it is easily interpreted and comprehen-

sive and has been shown to have good overlap with validated measures of AD

severity recommended for use in clinical trials.33-35

Multivariable adjusted models included sociodemographic factors and

atopic comorbidities previously shown to be related to AD: sex, history of

atopy (yes/no), age at assessment (continuous), age at enrollment into the

cohort (continuous), self-reported income at enrollment (3-level categorical

variable), education (3-level categorical variable, GERA only), duration of

follow-up (continuous, PEER only), and age at disease onset (continuous,

PEER only). In GERA atopic history was based on the presence of 2 or more

ICD-9 codes for allergic rhinitis, asthma, or both. Asthma was defined by

using ICD-9 codes 493, 493.01, 493.1, 493.11, 493.82, 493.9, 493.91, and

493.92. Allergic rhinitis was defined by using ICD-9 codes 477, 477.1, 477.2,

477.8, and 477.9. In PEER atopic history was based on a self-reported history

of physician-diagnosed asthma or seasonal allergies.
Statistical analyses
Associations with self-reported race/ethnicity were examined by using

logistic regression models to estimate the odds of AD (yes/no) in African

American subjects compared with non-Hispanic white subjects in GERA, and

ordinal multilevel mixed-effects models were used to estimate the subject-

specific odds of a 6-month period of worse disease control in PEER. These

models were then repeated among only self-identified African American

subjects to test for an association between a continuous measure of African

genetic ancestry and AD prevalence (GERA) or control (PEER). The rationale

for this approach was to test the additional predictive value of genetic ancestry

beyond self-identified race/ethnicity and has been used in similar analyses for

asthma and lung function.21,36

In post hoc analyses we replicated our models including information on ge-

netic ancestry for all participants (including self-identified white subjects). In

addition, we repeated themodels with 2 newPRSs (described above) to further

test whether genetic factors are related to disparities in AD risk. First, we

tested the AD PRS for association with AD among the European and African

American subjects using regression analysis and also whether its inclusion in

the regression model attenuated the association of self-reported race/ethnicity

with AD in the GERA cohort. Second, we included a skin phenotype PRS as a

covariate in a regression analysis, including both the white and African

American subjects in GERA, to determine whether the effect of

self-reported race/ethnicity was attenuated and also in an analysis of the

African American subjects alone to see whether the pigment PRS was

predictive of AD risk within that population. Additional methodological

details are included in the supplemental material for this article. Statistical

analyses were performed with Stata 15 and R software,37,38 and all tests

were 2-sided.
RESULTS

Participants’ characteristics
This study included 86,893 subjects who self-identified as

non-Hispanic white and/or African American in GERA and 5,467
subjects who self-identified as non-Hispanic white and/or African
American in PEER. Participants from GERA were older, had
higher incomes, and had lower overall rates of atopy than
participants in PEER (Table I). The distribution of demographic
characteristics varied by self-reported race/ethnicity: in the
GERA cohort, compared with white subjects, African American
subjects had lower incomes, had lower levels of education,
were younger at enrollment, and had greater rates of allergies
and asthma. In the PEER cohort, compared with white subjects,
African American subjects were more likely to be female, have
lower family incomes, have less atopic history, and enroll at an
older age (although they had similar reported age at AD onset).

When we compared subjects with and without AD in the
GERA cohort, we found that cases were more likely to be female

http://www.jacionline.org


TABLE I. Participants’ characteristics

GERA cohort Total (n 5 86,893) African American* (n 5 3,380) White (n 5 83,513) P valuey
Female sex, no. (%) 50,225 (57.8) 1,950 (57.7) 48,275 (57.8%) .896

Annual income in US dollars, no. (%)

<$20,000 3,890 (4.5%) 231 (6.8%) 3,659 (4.4%) <.001

$20,000-$60,000 24,113 (27.8%) 1,116 (33.0%) 22,997 (27.5%)

>$60,000 51,719 (59.5%) 1,781 (52.7%) 49,938 (59.8%)

Missing 7,171 (8.3%) 252 (7.5%) 6,819 (8.3%)

Education, no. (%)

Less than high school 1,545 (1.8%) 110 (3.3%) 1,435 (1.7%) <.001

High school or equivalent 31,957 (36.8%) 1,419 (42.0%) 30,538 (36.6%)

College or graduate school 48,363 (55.7%) 1,579 (46.7%) 46,784 (56.0%)

Missing 5,028 (5.8%) 272 (8.0%) 4,756 (5.7%)

History of atopy, no. (%) 29,254 (33.7%) 1,346 (39.8%) 27,908 (33.4%) <.001

Age at cohort enrollment (y), mean (SD) 63.6 (14.3) 60.5 (14.3) 63.8 (14.3) <.001

PEER cohort Total (n 5 5,467) African American* (n 5 3,251) White (n 5 2,216) P valuey
Female sex, no. (%) 2,914 (53.3%) 1,844 (56.7%) 1,070 (48.3%) <.001

Annual income in US dollars, no. (%)

<$25,000 2,222 (40.6%) 1,911 (58.8%) 311 (14.0%) <.001

$25,000-$50,000 810 (14.8%) 445 (13.7%) 365 (16.5%)

>$50,000 1,009 (18.5%) 218 (6.7%) 791 (35.7%)

Missing 1,426 (26.1%) 677 (20.8%) 749 (33.8%)

History of atopy, no. (%) 4,033 (73.8%) 2,291 (70.5%) 1,742 (78.6%) <.001

Age at cohort enrollment (y), mean (SD) 7.21 (4.12) 7.31 (4.15) 7.06 (4.07) .027

Values significant at the P < .05 level are shown in boldface.

*Includes 516 subjects in the GERA cohort and 184 subjects in the PEER cohort who self-reported both African American and another race.

�P values are from x2 tests for categorical variables and t tests for continuous variables.
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and have a history of other atopic comorbidities, and these effects
were consistent in each race/ethnicity group. Among African
American subjects, cases were also more likely to enroll in the
cohort at a younger age, and among white subjects, cases were
more likely to have lower incomes. There were no significant
differences in educational attainment (see Table E2 in this arti-
cle’s Online Repository at www.jacionline.org).

Self-reported race/ethnicity and AD
ADwasmore common and under worse control amongAfrican

American than white subjects. The primary outcomes of a
physician’s diagnosis in the GERA cohort and disease control
in the PEER cohort are shown by race/ethnicity in Fig 1 and Table
E2 in this article’s Online Repository at www.jacionline.org. In
the GERA cohort 4.4% of African American subjects versus
2.1% of white subjects (P < .001) met the definition of AD. In
the PEER cohort, compared with white subjects, African
American subjects reported worse disease control at all ages,
and themean proportion of surveys in which respondents reported
active disease during the prior 6 months was greater among
African American subjects (94.5% vs 84.4%, P < .001).

In multivariable models we found African American subjects
had an approximately 2-fold increase in both the odds of AD
(odds ratio, 2.06; 95% CI, 1.70-2.48) in the GERA cohort and the
odds of 1-level worse control (odds ratio, 2.02; 95% CI,
1.71-2.37) in the PEER cohort (Table II).

African genetic ancestry and AD
The distribution of African genetic ancestry among

self-identified African American subjects (including 516 subjects
in the GERA cohort and 184 subjects in the PEER cohort who
self-reported African American plus at least 1 other racial/ethnic
group) ranged from 0% to 100% and was similar in both cohorts
(mean, 74% [SD, 17%] in the GERA cohort and 76% [SD, 17%]
in the PEER cohort; see Fig E1 and Table E3 in this article’s
Online Repository at www.jacionline.org).

African genetic ancestry showed no association with AD
outcomes among African American subjects in either cohort
(Table II). Genetic ancestry was modeled as a continuous variable
ranging from 0% to 100%, and the primary results reflect the odds
of a 1% increase in genetic ancestry. To make the magnitude of
association clearer, we also calculated the odds on a larger scale.
In the GERA cohort the odds of AD for each quartile increase in
African ancestry were 1.07 (95% CI 0.83-1.36), and in the PEER
cohort the odds of poorer disease control for each quartile
increase in ancestry were 1.05 (95% CI, 0.72-1.53).

As described in the Methods section, for the principal analysis,
we modeled the effect of African genetic ancestry only among
African American subjects. When we included all participants
(self-identified African American and white subjects) in the
African genetic ancestry models, we again found no significant
association between genetic ancestry and AD (see Table E4 in this
article’s Online Repository at www.jacionline.org).

Similarly, we found that predicted skin color was not
independently associated with AD beyond self-identified
race/ethnicity alone in an analysis that included both white and
African American subjects, nor was it associated with AD within
only the African American group (see Table E5 in this article’s
Online Repository at www.jacionline.org). Finally, we found
that although a PRS was highly predictive of AD overall, it was
not correlated with genetic ancestry, it did not attenuate the
association of self-reported race/ethnicity in the regression model
of AD risk in the entire sample, and it was not predictive of AD
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TABLE II. Multivariate model results

GERA cohort

Model 1: Odds of AD among full cohort

(n 5 76,060), odds ratio (95% CI)

Model 2: Odds of AD among African

American subjects

(n 5 3,161), odds ratio (95% CI)

Percentage African ancestry (by 1-unit increase) NA 1.00 (0.99-1.01)

Self-identified race (African American vs white) 2.06 (1.70-2.48) NA

Sex (female vs male) 1.25 (1.13-1.39) 1.70 (1.11-2.59)

Income

<$20,000 Reference Reference

$20,000-$60,000 0.86 (0.69-1.08) 0.80 (0.36-1.77)

>$60,000 0.77 (0.62-0.96) 1.09 (0.50-2.36)

Education

Less than high school Reference Reference

High school or equivalent 0.95 (0.66-1.39) 3.02 (0.40-22.7)

College or graduate school 1.06 (0.73-1.54) 2.69 (0.36-20.4)

History of atopy 2.19 (1.99-2.42) 1.92 (1.31-2.81)

Age (each additional year) 1.00 (1.00-1.00) 1.00 (0.98-1.01)

PEER cohort

Model 1: Odds of 1-level worse disease

control among full cohort

(n 5 2,041), Odds ratio (95% CI)

Model 2: Odds of 1-level worse disease

control among African American subjects

(n 5 257), odds ratio (95% CI)

Percentage African ancestry (by 1-unit increase) NA 1.00 (0.99-1.02)

Self-identified race (African American vs white) 2.02 (1.71-2.37) NA

Sex (female vs male) 1.20 (1.06-1.37) 1.83 (1.09-3.07)

Income

<$25,000 Reference Reference

$25,000-$50,000 0.94 (0.79-1.12) 0.93 (0.48-1.81)

>$50,000 0.73 (0.61-0.88) 0.66 (0.32-1.39)

History of atopy 1.20 (1.04-1.39) 1.46 (0.78-2.70)

Age (each additional year)

Age at cohort enrollment 1.23 (1.21-1.25) 1.16 (1.07-1.25)

Age at survey 0.82 (0.81-0.83) 0.88 (0.84-0.92)

Values significant at the P < .05 level are shown in boldface.

NA, Not applicable.
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among self-identified African American subjects in contrast to its
strong association with AD risk in white subjects (see Table E6 in
this article’s Online Repository at www.jacionline.org).

Sensitivity analyses
We repeated our analyses in the GERA cohort, varying the

number of ICD-9 code diagnoses required to meet the definition of
AD, and found that the strength of association between
self-reported race/ethnicity and AD increased with more codes.
However, there continued to be no association between African
genetic ancestry and AD outcomes among self-identified African
American subjects (see Table E7 in this article’s Online Repository
atwww.jacionline.org).We also repeated the analyses excluding 25
subjects from PEER who had self-identified as both African
American and white and again found similar results (see Table
E8 in this article’s Online Repository at www.jacionline.org).

DISCUSSION
We found that AD was more common among adults and under

worse control among children who self-identified as African
American compared with those who self-identified as
non-Hispanic white in 2 large US cohorts. However, these
racial/ethnic differences were not associated with a continuous
measure of genetic ancestry, nor were they associated with
specific genetic factors underlying AD risk or skin pigment.
Our results suggest that genetic factors that vary according to
historical geographic separations are unlikely to explain the
observed differences and that social and environmental factors
that vary by race/ethnicity warrant additional research.

It is important to note that self-identified race/ethnicity and
genetic ancestry are 2 distinct but correlated constructs. As shown
in Fig E1, there was a great deal of variation in genetic ancestry
among African American subjects, and the rationale for
examining this more nuancedmeasurewas to test whether genetic
data offered additional predictive power beyond self-identified
race/ethnicity alone.

To our knowledge, this is the first study to examine the
relationship between genetic ancestry and AD. Although we did
not find evidence for an association between global genetic
ancestry andAD inAfricanAmerican subjects, we cannot rule out
the possibility that there might be genetic differences by
race/ethnicity not fully captured by ancestry estimates. We found
that an AD PRS was highly predictive of AD in white but not
African American subjects similar to a recent genome-wide
association study of AD in African American subjects that was
not able to replicate known AD and allergy genetic loci in an
African American population.11 These results suggest that the
genetic architecture of risk in African American subjects might
be quite distinct from that in white subjects, and this underscores
the need for additional genetic studies of AD in African American
subjects, in whom the prevalence is greatest. Of note, the lack of
any strong specific gene association findings in that study11 also
suggests that location-specific, as opposed to genome-wide

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org


FIG 1. Association between self-reported race/ethnicity and AD control in

the PEER cohort. The graph is a local polynomial smoothed plot with gray

shading for the 95% CIs generated from cross-sectional calculations of

average AD control level at each age.
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genetic, ancestry is unlikely to explain the higher rate of AD in
African American subjects. Additionally, there might be
racial/ethnic differences in gene transcription. A recent study
that sought to characterize the global molecular profile of patients
with AD found significant variation in cellular infiltrates, as well
as expression of immune and barrier genes between African
American and white subjects.39 The extent to which such changes
are due to environmental and behavioral factors should be
explored in future work.

The fact that the skin pigment PRS did not correlate with AD
risk in the GERA cohort provides evidence that AD is likely
independent of skin pigment per se and that the pigment differ-
ence between African American and white subjects does not
explain the AD prevalence difference. New research showing
that darker skin pigmentation results in better barrier function
and greater inflammatory thresholds might help explain this
finding.40

Our results suggest that social and environmental factors are
likely to play an important role in AD disparities and warrant
additional research. In both cohorts in our study, lower income
was associated with AD outcomes independent of self-reported
race/ethnicity. Our findings contrast with those from a systematic
review and meta-analysis that found AD was associated with
greater socioeconomic position.41 Of note, the majority of studies
included in the review came from European populations with less
racial/ethnic diversity, and there was a great deal of heterogeneity
between estimates. US studies on income and AD are mixed,
likely because of differences in the way AD is defined (by self-
report vs a physician’s diagnosis) and whether studies adequately
controlled for differential access to health care. Two US studies
found income had no effect on childhood AD after controlling
for race/ethnicity and insurance status,2,4 one found greater
household income was associated with adult AD,6 and another
found the opposite in a large population-based sample of individ-
uals aged 0 to 100 years.5 Additional work needs to be done to un-
derstand the effect of socioenvironmental factors, including
whether differential exposure to microbes, pollutants, stress, dif-
ferences in health care access, and treatment explain disparities.

We chose to use the GERA and PEER cohorts because they
have complementary strengths and limitations. Patients enrolled
in the PEER cohort met the widely accepted and validated UK
Working Party diagnostic criteria24,42 and had detailed measures
of disease control over time. AD is an episodic condition, mean-
ing that symptoms wax and wane and patients might experience
periods without any clinical signs or symptoms. Therefore
repeated measures of disease activity and control are important
to understanding the course and burden of the disease.

By contrast, diagnoses were limited to ICD codes in the GERA
cohort, which might have induced misclassification bias. When
we performed stratified analyses by number of diagnostic codes,
we found that effect sizes increased with the number of diagnostic
codes (which might reflect both the validity and severity of the
diagnosis) in our primary analyses of self-reported race/ethnicity,
but even with increasing numbers of diagnostic codes, there
remained no association between genetic ancestry and AD among
African American subjects.

Ancestry was estimated by using genome-wide data in the
GERA cohort; however, the PEER cohort had less robust
measures based on a limited number of ancestry informative
markers. Nonetheless, the distribution of genetic ancestry was
similar in both cohorts. Genetic data were only available for a
subset of the PEER cohort. Although we cannot rule out the
possibility of selection bias, the probability that the contribution
of a biospecimen was differentially correlated with degree of
African genetic ancestry is small.

Finally, although participants in the PEER cohort might have
had differential access to health care, participants in the GERA
cohort were all members of the Kaiser Permanente Health
provider system. An overall strength of our study is use of 2
large longitudinal cohorts with physician-diagnosed AD, and the
consistency of results across both populations is reassuring.

Our results are important in the context of the treatment
revolution currently underway in patients with AD.43 African
American subjects are historically underrepresented in clinical
research, and as new agents enter clinical testing, it is important
to consider the extent to which trial populations are representative
of the actual population of affected subjects. Our results imply
that subanalyses to detect heterogeneous treatment responses
should be based on social, environmental, and demographic fac-
tors in addition to biomarkers or genetic polymorphisms.

We thank the Kaiser Permanente Northern California members who have

generously agreed to participate in the Kaiser Permanente Research Program

on Genes, Environment, and Health.

Clinical implications: Self-report of race/ethnicity can help to
identify patients at higher risk of AD and poor AD control.
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FIG E1. Percentage of African ancestry, as estimated by means of genetic markers in the GERA and PEER

cohorts, among those who identified as African American is shown in A and B, respectively. Note that 2

graphs are shown separately in Fig E1, A, because of the difference in numbers of participants (note that

the y-axis differs for each graph).
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A

B

FIG E2. A, Predicted prevalences and 95% CIs for AD among self-identified white and African American

subjects calculated from the adjusted regression model using the GERA cohort is similar across the range

of African genetic ancestry. B, Actual prevalence of AD for each decile band of African ancestry in the GERA

cohort among self-identified white and African American subjects.
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TABLE E1. Comparison of patients’ characteristics by whether genetic information was available in the PEER cohort

PEER cohort No DNA available (n 5 5,515) Provided DNA (n 5 755) P value*

Female sex, no. (%) 2,942 (53.3) 391 (51.8) .440

Self-reported race, no. (%)

African American/black� 2,939 (53.3) 322 (42.6) <.001

White 2,135 (38.7) 379 (50.2)

Other 441 (8.0) 54 (7.2)

Income, no. (%)

<$25,000 2,289 (41.5) 218 (29.0) <.001

$25,000-$50,000 816 (14.8) 138 (18.3)

>$50,000 921 (16.7) 257 (34.1)

Missing 1,485 (26.9) 140 (18.6)

Personal or family history of atopy, no. (%) 4085 (74.1) 597 (79.1) .004

Age at onset (y), mean (SD) 2.30 (3.08) 1.94 (2.75) <.001

Age at enrollment (y), mean (SD) 7.20 (4.15) 7.02 (3.77) .210

No. of surveys, mean (SD) 9.7 (6.1) 15.3 (5.2) <.001

Level of disease control at baseline, mean (SD) 1.49 (0.74) 1.40 (0.72) <.001

Mean level of disease control across all visits, mean (SD) 1.80 (0.69) 1.80 (0.66) .860

Values significant at the P < .05 level are shown in boldface.

*P value from x2 test for categorical variables and t test for continuous variables.

�Includes 184 subjects who self-reported both African American and white race.
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TABLE E2. Self-reported race/ethnicity, AD, and covariates in the GERA cohort

GERA cohort

African American* White

AD, n 5 147 (4.4%) No AD, n 5 3,233 (95.7%) P valuey AD, n 5 1,710 (2.1%) No AD, n 5 81,803 (98.0%) P valuey
Female sex 103 (70.1%) 1,847 (57.1%) .002 1,076 (62.9) 47,199 (57.7) <.001

Annual income in US dollars

<$20,000 10 (6.8%) 221 (6.8%) .464 92 (5.4%) 3,567 (4.4%) .008

$20,000-$60,000 42 (28.6%) 1,074 (33.2%) 515 (30.1%) 22,483 (27.5%)

>$60,000 80 (54.4%) 1,701 (52.6%) 962 (56.3%) 48,976 (59.9%)

Missing 15 (10.2%) 237 (7.3%) 141 (8.3%) 6,778 (8.3%)

Education

Less than high school 2 (1.4%) 108 (3.3%) .389 35 (2.1%) 1,400 (1.7%) .534

High school or equivalent 61 (41.5%) 1,358 (42.0%) 615 (36.0%) 29,923 (36.6%)

College or graduate school 75 (51.0%) 1,504 (46.5%) 971 (56.8%) 45,813 (56.0%)

Missing 9 (6.1%) 263 (8.1%)

History of atopy 84 (57.1%) 1,262 (39%) <.001 893 (52.2) 24,912 (32.5) <.001

Age at cohort enrollment (y),

mean (SD)

58.0 (14.7) 60.6 (14.3) .032 63.5 (15.8) 63.7 (14.3) .476

Values significant at the P < .05 level are shown in boldface.

*Includes 516 subjects who self-reported both African American and another race/ethnicity.

�P value from x2 test for categorical variables and t test for continuous variables.
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TABLE E3. Distribution of African genetic ancestry by self-identified race/ethnicity

Self-identified race/ethnicity No. Median % African ancestry Interquartile range Mean % African ancestry SD

GERA cohort

Non-Hispanic white 83,414 0.43% 0.0% to 0.7% 0.4% 1.1%

African American 3,156 77.9% 65.0% to 86.1% 73.6% 17.1%

PEER cohort

Non-Hispanic white 342 1.1% 0.6% to 2.4% 3.9% 11.2%

African American 321 81.7% 72.9% to 86.2% 75.5% 17.3%

Both 15 41.0% 38.2% to 44.8% 38.4% 11.0%

African American only 306 82.0% 74.9% to 86.4% 77.3% 15.4%
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TABLE E4. Multivariate model results, including both self-

identified African American and white subjects

GERA cohort

Model 2: Odds of AD among the full cohort, including both genetic

ancestry and self-identified race (n 5 70,984)

Percentage African ancestry (by 1-unit increase) 1.00 (0.99-1.01)

Self-identified race (African American vs white) 2.23 (1.04-4.95)

Sex (female vs male) 1.25 (1.12-1.38)

Income

<$20,000 Reference

$20,000-$60,000 0.85 (0.68-1.07)

$60,000 0.76 (0.61-0.95)

Education

Less than high school Reference

High School or equivalent 0.95 (0.65-1.37)

College or graduate school 1.05 (0.72-1.52)

History of atopy 2.19 (1.99-2.42)

Age (each additional year) 1 (1.00-1.00)

PEER cohort

Model 2: Odds of AD among the full cohort, including both genetic

ancestry and self-identified race (n 5 541)

Percentage African ancestry (by 1-unit increase) 1.00 (0.99-1.02)

Self-identified race (African American vs white) 1.77 (0.63-4.91)

Sex (female vs male) 1.72 (1.20-2.46)

Income

<$25,000 Reference

$25,000-$50,000 0.88 (0.53-1.48)

>$50,000 0.43 (0.26-0.71)

History of atopy 1.62 (1.06-2.47)

Age (each additional year)

Age at cohort enrollment 1.24 (1.16-1.31)

Age at survey 0.81 (0.79-0.84)

Values significant at the P < .05 level are shown in boldface.
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TABLE E5. Regression models for AD, including predicted skin color in the GERA cohort

GERA cohort

Distribution of skin color prediction* Mean (SD)

Overall probability of dark-to-black skin (n 5 86,893) 0.04 (0.16)

Probability of dark-to-black skin among self-identified white subjects (n 5 83,513) 0.01 (0.05)

Probability of dark-to-black skin among self-identified African American subjects (n 5 3,380) 0.71 (0.37)

Odds of ADy
Odds ratio

(95% CI)

For each unit increase in the probability of dark-to-black skin in full cohort 2.05 (1.62-2.59)

For each unit increase in the probability of dark-to-black skin in the full cohort, also controlling for self-identified race 0.90 (0.58-1.41)

Probability of dark-to-black skin among self-identified African American subjects 0.88 (0.54-1.42)

Values significant at the P < .05 level are shown in boldface.

*Skin color was predicted by using HIrisPlex-S software (https://hirisplex.erasmusmc.nl/).E1 Skin color was predicted by using 39 variants (the rare rs312262906 and rs201326893

variants were not imputed in our cohort; for additional details on genotype imputation in the cohort, see notes of Table E6). Outputs are a prediction probability for 5 categories that

sum up to 1: very pale, pale, intermediate, dark, and dark-to-black.

�All models also controlled for sex, income, education, history of atopy, and age.
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TABLE E6. Regression models for AD, including PRSs, in the

GERA cohort

GERA cohort

Distribution of PRS* Mean SD

Overall (n 5 86,893) 20.01 1.00

Among self-identified white subjects (n 5 83,513) 20.03 1.00

Among self-identified African American subjects

(n 5 3,380)

0.64 0.93

Odds of ADy
Odds

ratio 95% CI

PRS among full cohort 1.13 1.07-1.18

PRS among self-identified white subjects 1.18 1.10-1.21

PRS among self-identified African American subjects 0.95 0.79-1.13

PRS among full cohort also adjusted for genetic ancestry� 1.13 1.08-1.19

Values significant at the P < .05 level are shown in boldface.

*Standardized PRS based on 27 variants from the most recent AD genome-wide

association study meta-analysis.E2 The PRS was created by summing up the additive

coding of each risk variant weighted by the log odds ratio of the variant and then

standardized for interpretability by subtracting the mean and dividing by the SD (ie, z

score). Of note, for a sensitivity analysis, a second PRS was created, assuming that all

risk variants have the same effect and results were similar (data not shown). Genotype

imputation of variants used in the risk score has been described previously.E3 Briefly,

subjects were prephased with Shape-it v2.r727E4 and imputed from the 1000 Genomes

Project (http://1000genomes.org) cosmopolitan reference panel with Impute2

v2.3.0.E5,E6 After excluding variants with r2 values of less than 0.3E7 and a minor

allele count of less than 20, we retained 24,149,855 and 21,485,958 single nucleotide

polymorphisms in non-Hispanic white and African American subjects, respectively.

�Models additionally adjusted for sex, income, education, history of atopy, and age.

�The model also adjusted for continuous measures of genetic ancestry. Note that the

Pearson correlation coefficient between PRS and genetic ancestry in the entire cohort

was 0.133.
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TABLE E7. Regression models with alternative definitions of AD in the GERA cohort

Definition of AD

Adjusted odds ratio (95% CI)

11 ICD-9 codes, n 5 7,032 (8.1%) 21 ICD-9 codes, n 5 1,857 (2.1%) 31 ICD-9 codes, n 5 788 (0.9%)

Model 1: Odds of AD among full cohort

African American self-reported race/ethnicity 1.42 (1.26-1.60) 2.06 (1.70-2.48) 2.55 (1.96-3.31)

Model 2: Odds of AD among African American subjects*

Per 1% increase in African ancestry 1.00 (1.00-1.00) 1.00 (0.99-1.01) 1.00 (0.99-1.02)

Per 25% increase in African ancestry 1.03 (0.86-1.22) 1.02 (0.78-1.35) 1.09 (0.75-1.60)

Values significant at the P < .05 level are shown in boldface.

*Modeled as a continuous variable; results from a single model are displayed in 2 formats for interpretability.
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TABLE E8. Multivariable regression results, excluding those who self-identified as both African American and white

PEER cohort

Model 1: Odds of 1-level worse disease

control among full cohort

(n 5 3,960), odds ratio (95% CI)

Model 2: Odds of 1-level worse disease

control among African American subjects

(n 5 243), odds ratio (95% CI)

Percentage African Ancestry (by 1-unit increase) NA 1.00 (0.98-1.01)

Self-identified race (African American vs white) 2.03 (1.73-2.40) NA

Sex (female vs male) 1.21 (1.06-1.38) 1.79 (1.05-3.06)

Income

<$25,000 Reference Reference

$25,000-$50,000 0.95 (0.80-1.14) 0.96 (0.48-1.90)

>$50,000 0.72 (0.60-0.88) 0.54 (0.25-1.18)

History of atopy 1.23 (1.06-1.42) 1.66 (0.87-3.17)

Age (each additional year)

Age at cohort enrollment 1.23 (1.20-1.25) 1.14 (1.05-1.23)

Age at survey 0.82 (0.81-0.83) 0.88 (0.85-0.92)

Values significant at the P < .05 level are shown in boldface.

NA, Not applicable.
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