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IMPORTANCE Knowledge about factors associated with persistence of atopic dermatitis (AD)
during childhood is sparse.

OBJECTIVE To explore heritable, environmental, and clinical factors associated with
persistent AD based on 13 years' follow-up of an at-risk birth cohort.

DESIGN, SETTING, AND PARTICIPANTS In the Copenhagen Prospective Study on Asthmain
Childhood 2000 (COPSAC, ) clinical birth cohort study, 411 children born to mothers with
asthma were followed up until the age of 13 years at a clinical research unit in Copenhagen,
Denmark, from August 1998 to June 2015. Atopic dermatitis was diagnosed prospectively
during close clinical follow-up according to the criteria of Hanifin and Rajka. Data were
gathered on parental history, social circumstances, and environmental factors through parent
interviews. The cohort was followed up with biannual visits to the clinic until the age of

7 years and were seen again at age 13 years. Data were analyzed from August 2015 to

January 2018.

MAIN OUTCOMES AND MEASURES Atopic dermatitis was diagnosed using Hanifin and Rajka
major and minor criteria, and severity was determined by Scoring Atopic Dermatitis
(SCORAD) index, with possible scores from O to 83, with higher scores indicating more
severe AD.

RESULTS Of the 411 children in the cohort, 203 (49.4%) were male and 186 (45.3%) were
diagnosed with AD before the age of 13 years; 40 of 166 children (24.1%) had persistent AD
at the age of 13 years, and 126 (76.0%) experienced remission. Factors associated with
persistent AD to age 13 years included heritability, environmental exposures, asthma and
allergic sensitization, clinical presentation at the time of diagnosis, the composition of Hanifin
and Rajka diagnostic minor criteria, and AD severity according to SCORAD. A higher AD
genetic risk score was associated with an increased the risk for persistent AD (multivariable
odds ratio [OR], 1.8; 95% Cl, 11-2.9; P = .02), together with paternal asthma (multivariable
OR, 3.7; 95% Cl, 1.2-11.5; P = .02); paternal AD (multivariable OR, 6.2; 95% Cl, 1.17-23.2;

P =.007), and higher social circumstances (multivariable OR, 1.6; 95% Cl, 1.0-2.5; P = .05).
Particular clinical presentations at time of diagnosis were also associated with specific minor
criteria of Hanifin and Rajka (Dennie-Morgan and anterior neck folds, white dermographism,
intolerance to wool, itching when sweating, tendency to skin infection, food intolerance, and
food allergy) (OR, 2.6; 95% Cl, 1.1-6.2; P = .03) as well as increased severity at diagnosis (OR,
11; 95% CI, 1.0-1.1; P = .007).

CONCLUSIONS AND RELEVANCE In a birth cohort of children at risk for asthma who received
close clinical follow-up to age 13 years, known genetic AD risk variants, paternal asthma and
AD, high social circumstances, diagnostic minor criteria, and disease severity at onset were
associated with persistent AD at age 13 years. These findings may be applied in clinical
practice to evaluate the likely disease course for individual patients.

JAMA Dermatol. doi:10.1001/jamadermatol.2018.4061
Published online November 14, 2018.

© 2018 American Medical Association. All rights reserved.

Downloaded From: by a University of Liverpool User on 11/16/2018

Supplemental content

Author Affiliations: Copenhagen
Prospective Studies on Asthmain
Childhood (COPSAC), Herlev and
Gentofte Hospital, University of
Copenhagen, Copenhagen, Denmark
(Thorsteinsdottir, Stokholm,
Nergaard, Thorsen, Chawes,
Bannelykke, Waage, Bisgaard);
Department of Dermatology and

Allergy, Herlev and Gentofte Hospital,

University of Copenhagen,
Copenhagen, Denmark (Stokholm,
Thyssen); Department of Pediatrics,
Naestved Hospital, Naestved,
Denmark (Stokholm).

Corresponding Author: Hans
Bisgaard, MD, DMSc, Copenhagen
Prospective Studies on Asthma in
Childhood, Herlev and Gentofte
Hospital, University of Copenhagen,
Ledreborg Alle 34, DK-2820
Gentofte, Copenhagen, Denmark
(bisgaard@copsac.com).

E1


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamadermatol.2018.4061&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamadermatol.2018.4061
mailto:bisgaard@copsac.com

Research Original Investigation

topic dermatitis (AD) is a chronic relapsing inflamma-
tory skin disease that most often begins in infancy?;
between 1990 and 2010, it affected approximately
1in 5 children in developed countries.?? Children with AD com-
prise a heterogeneous group with different disease courses,
age at onset, clinical manifestations, severity, duration, and
risk of comorbidity.** Although most children with AD out-
grow their disease, it is unclear how many experience persis-
tence of symptoms into adulthood, and little is known about

determinants of persistent AD.®

Known heritable AD risk factors include parental asthma,
allergy, and AD (which almost doubles the child’s AD risk if
present in both parents”) as well as concurrent asthma, wheez-
ing, and allergic sensitization in the child.®* Furthermore,
filaggrin gene (FLG) mutations are nonfunctional mutations
that increase the risk of AD 2- to 3-fold.'??* Other genetic risk
loci have been identified but are of less importance.'®
Suspected environmental risk factors for AD development
include birth during winter,'”'® exposure to hard domestic
water,'® air pollution, low ambient humidity,2°-?! longer
duration of breastfeeding,?? and maternal alcohol intake
during pregnancy.?®> However, exposure to a dog in the house-
hold near the time of birth has been found to protect against

development of AD.2*

There is an unmet need for an improved understanding
of factors associated with a persistent disease course through-
out childhood. This would be of clinical importance to
patients, parents, and clinicians and could guide treatment.

In the present study, we examined the fluctuations in AD
diagnosis throughout childhood and aimed to identify risk
factors of persistent AD in a cohort of children followed up

prospectively from birth to age 13 years.

Methods
Study Population

The Copenhagen Prospective Studies on Asthma in Childhood
2000 (COPSAC,00) is asingle-center clinical cohort study of 411
children born to mothers with physician-diagnosed asthma.
The cohort was followed up from August 1998 to June 2015, and
data were analyzed from August 2015 to January 2018. Details
on recruitment and characteristics of the cohort have been de-
scribed previously.?>27 In brief, mothers were recruited during
pregnancy and their children at 1 month of age. The children were
seen in the research unit every 6 months for scheduled visits as
well as on acute onset of airway or skin symptoms until the age
of 7 years. The most recent follow-up visit was performed at age
13 years. Between the ages of 7and 13 years, children were seen
if they experienced any skin symptoms. Data validation and qual-
ity control followed the guidelines for good clinical practice, in-
cluding the Danish Code of Conduct for Research Integrity, the
European Union’s Directive on Good Clinical Practice, the Inter-
national Conference on Harmonisation’s good clinical practice
guidelines, the Danish Act on Processing of Personal Data, and
the practice of the Danish Data Inspectorate. The study was per-
formed in accordance with the Declaration of Helsinki?® and
approved by the Copenhagen Ethics Committee and the Danish
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Key Points

Question Are there determinants of importance for the
persistence of atopic dermatitis at age 13 years?

Findings Inthe Copenhagen Prospective Study on Asthmain Childhood
2000 birth cohort study, known genetic atopic dermatitis risk variants,
paternal asthma and atopic dermatitis, high social circumstances,
diagnostic minor criteria of Hanifin and Rajka, and disease severity at
onset were significantly associated with persistent atopic dermatitis.

Meaning The findings of this study suggest that genetic profile is one
of the factors most often associated with persistent atopic dermatitis at
age 13 years, and that the likelihood of persistence can be evaluated at
the onset of atopic dermatitis using existing clinical tools.

Data Protection Agency.?® Oral and written informed consent
were obtained from parents or guardians before enrollment.

At every clinical visit, a full physical examination was per-
formed by a physician with training in dermatology, and the
families were interviewed using structured questions with
closed response categories focusing on airway and skin symp-
toms, use of medication and health care, lifestyle factors, and
domestic environmental exposures. The physicians at the
COPSAC clinic were solely responsible for diagnosis and treat-
ment of all respiratory, allergy, and skin-related symptoms
according to standard operating procedures.!

Atopic Dermatitis Diagnosis

Atopic dermatitis was diagnosed prospectively until age 13 years
according to the criteria of Hanifin and Rajka and with a clinical
assessment.?° A diagnosis of AD required the presence of 3 of 4
major criteria (pruritus, typical morphologic features and distri-
bution, chronic dermatitis, and personal or family history of
atopy) and at least 3 of 23 minor criteria (early age at onset,
xerosis, ichthyosis, keratosis pilaris, palmar hyperlinearity, hand
or foot dermatitis, nipple eczema, cheilitis, perifollicular accen-
tuation, pityriasis alba, anterior neck folds, itching when sweat-
ing, intolerance to wool, positive result on type 1 skin test,
elevated serum IgE level, food intolerance, tendency to skin
infection, facial pallor, white dermographism, conjunctivitis,
Dennie-Morgan fold, orbital darkening, and course influenced
by environmental factors, excluding keratoconus and anterior
subcapsular cataracts. The severity of AD was scored at disease
onset using the SCORAD (Scoring Atopic Dermatitis) index>°;
scores can range from O to 83 points (excluding the subjective
components pruritus and sleeplessness from the modified
SCORAD index, from which the subjective components of pru-
ritus and sleeplessness have been excluded), with a higher score
indicating more severe AD. Duration of AD was defined as days
with ongoing AD diagnosis from O to 13 years of age. Exclusion
criteria were incomplete follow-up from birth to 13 years of age
and being older than 10 years at AD onset. Remission of AD was
defined as a 1-year period without clinical symptoms and with-
out use of topical anti-inflammatory treatment. A child with an
AD diagnosis was classified as having persistent AD if the disease
was ongoing at 13 years of age. Transient AD was defined as
remission at 13 years of age. A child’s individual course from O
to 13 years according to possible AD diagnosis at cross-sectional
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time points (2, 5, 7, and 13 years) was illustrated by an alluvial
diagram that included only children with full follow-up.

Determinants of Atopic Dermatitis
Heritability

Genotyping for common loss-of-function mutations in FLG
(OMIM 135940), R501X, 2282del4, R2447X, and S3247X was
performed as previously described.!? An FLG mutation carrier
was defined as an individual having at least 1 gene mutation.
An AD genetic risk score was constructed based on genetic vari-
ants that were associated with AD in a large meta-genome-
wide association study?! as well as common FLG mutations
(eTable 1in the Supplement). The number of risk alleles for each
child was calculated and weighted according to the child’s
odds ratios (OR) and was z-score transformed. Information about
parental physician-diagnosed asthma, allergy, and AD was

obtained in the clinic by personal interviews.

Environmental Exposures

Midwives collected cord blood by needle puncture from the
umbilical cord vein, and plasma 25-hydroxyvitamin D levels
were analyzed as previously detailed.>?3 The vitamin D level
in cord blood was categorized as deficient (<20 ng/mL), insuf-
ficient (20-30 ng/mL), or sufficient (>30 ng/mL).3* (To con-
vert vitamin D levels to nanomoles per liter, multiply by 2.496.)

Information about maternal smoking and antibiotic use
during pregnancy, parity, duration of exclusive breastfeed-
ing, child sex, gestational age, season of birth, mode of deliv-
ery, birth weight, head circumference at birth, as well as pres-
ence of a dog and cat in the home at birth was collected

prospectively at scheduled visits.

“Social circumstances” included household income, maternal
age, and maternal level of education when the child was aged 2
years and was analyzed in a principal components analysis (PCA).
The first component explained 52% of the variance in the dataand
was used as a composite indicator of social circumstances.

Asthma and Allergy

Asthma or recurrent wheeze before age 3 years was diagnosed
prospectively in the COPSAC research unit according to a strict
predefined and previously validated quantitative algorithm
based on daily symptoms captured prospectively in a diary.2®

Allergic sensitization was measured at 6 and 18 months of
age and defined as any skin prick test wheal larger than 2 mm
(ALK-Abello) or specific serum IgE level of 0.35 kU/mL or greater
using the ImmunoCAP Phadiatop Infant test (Pharmaca
Diagnostics AB).%> (To convert the IgE level to milligrams per
liter, multiply by 0.001.) Serum IgE levels were measured against
8 inhalant allergens (dog, cat, horse, birch, timothy grass,
mugwort, Dermatophagoides pteronyssinus, and molds) and
9 food allergens (milk, egg, wheat flour, rye flour, oatmeal, cod,

soybean, potato, and peanut).

Statistical Analysis

The differences between children with persistent and transient
AD at age 13 years were analyzed by x? test, unpaired, 2-tailed
t test, and logistic and linear regression. Thereafter, all signifi-
cant determinants were included in a multivariable model. APCA
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Figure 1. Kaplan-Meier Curve Showing Development of Atopic Dermatitis
From Birth to 13 Years of Age in a Cohort of 166 Children
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was used to identify common systematic variation in the Hanifin
and Rajka minor criteria at diagnosis. Variables with no variance
were omitted. Differences in the Hanifin and Rajka minor crite-
ria patterns between transient and persistent AD were tested
using a nonparametric Adonis PERMANOVA model from the R
package “vegan,” version 2.3-5 (R Foundation for Statistical Com-
puting) with euclidean distances. Analysis of severity by modi-
fied SCORAD at AD onset was analyzed with linear regression
models adjusted for age at AD onset. A linear regression model
was used to analyze the association between the AD genetic risk
score, PCl (first principal component) from the Hanifin and Rajka
PCA, modified SCORAD score, and the duration of AD.

Results were reported with 95% Cls, and a significance level
of P < .05 was used. Missing observations were treated as
missing data. Data processing was conducted using SAS,
version 9.3 for Windows (SAS Institute Inc) and R, version 3.3.0
(R Foundation for Statistical Computing).

. |
Results

Age and race/ethnicity were homogeneous for the
COPSAC,00 cohort; of the 411 children, 203 (49.4%) were male.
Ofthe children in the cohort, 186 (45.3%) experienced AD from
birth to age 13 years (Figure 1). Sixteen children were excluded
owing to incomplete follow-up, and 4 owing to onset of AD
after age 10 years, leaving 166 children with AD in the final study
group of children (eFigure 1in the Supplement). The 166 chil-
dren with AD were characterized by having more mothers with
AD and fathers with asthma and allergic rhinitis. Furthermore,
fewer mothers used antibiotic medications during pregnancy
in the AD group (eTable 2 in the Supplement). By age 13 years,
40 of the 166 children with AD (24.1%) had an ongoing diagno-
sis and were classified as having persistent AD, whereas 126
(76.0%) were in remission (transient).

Figure 2 illustrates the prevalence of AD across the first 13
years of life for children with AD in the cohort. The prevalence
peaked at age 2 years, when 159 (40.7%) of the children had AD,
and declined gradually to age 13 years, when 40 (11.2%) still had
a diagnosis of AD. The individual child’s AD course over this
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Figure 2. Prevalence of Children With Atopic Dermatitis (AD)
From O to 13 Years Among All Children in the Copenhagen Prospective
Study on Asthma in Childhood 2000 Study (Total) and According

to Ongoing Diagnosis at Age 13 Years (Transient/Persistent)
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period was illustrated in an alluvial diagram showing the fluc-
tuation in diagnosis between time points (Figure 3). Descrip-
tive statistics for all determinants analyzed for association with
persistent AD are shown in the Table and detailed below.

Heritability

Paternal asthma was present in 15 of 40 children (37.5%) with
persistent AD compared with 16 of 125 (12.8%) with transient
AD (OR, 4.1; 95% CI, 1.8-9.4; P < .001). Eleven of the children
(30.6%) with persistent AD had fathers with an AD diagnosis
compared with 7 (7.0%) with transient AD (OR, 5.8; 95% CI,
2.0-17.0; P < .001). Maternal asthma, AD, and allergic rhinitis
and paternal allergic rhinitis were not significantly associated

with persistent AD.

Eleven of the 38 children (28.9%) with persistent AD had
FLG mutations compared with 17 of 126 children (13.5%) with
transient AD (OR, 2.6; 95% CI, 1.1-6.2; P = .03). Furthermore, a
higher AD geneticrisk score was associated with increased risk
of persistent AD (OR, 1.6; 95% CI, 1.1-2.4; P = .03). Children with
persistent AD had amean (SD) AD geneticrisk score of 0.47 (1.07)
compared with 0.02 (0.94) for children with transient AD.

A positive dose-dependent linear association was found
between the AD geneticrisk score and duration of AD (Figure 4),
with an increase of 270 days for each additional step in the AD
genetic risk standard score (95% CI, 105-436; P = .002).

Environmental Exposures

A higher level of social circumstances score (household in-
come, maternal age, and maternal level of education) at age 2
years was associated with persistent AD (OR, 1.6; 95% CI,
1.1-2.2; P = .02). Sex, parity, and maternal smoking as well as
antibiotic use during pregnancy, cord blood vitamin D levels,
season of birth, gestational age, head circumference, weight
at birth, mode of delivery, domestic exposure to a dog or cat
around birth, having older children in the home, and days of
exclusive breastfeeding were not significantly associated with

persistent AD (Table).
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Figure 3. Changes in Atopic Dermatitis (AD) Diagnosis Over Time
in 411 Children With AD in the Copenhagen Prospective Study
on Asthma in Childhood 2000 Cohort
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The alluvial diagram visualizes each child's individual AD course according to
diagnosis at different cross-sectional time points. The blue areas represent the
children who did not develop AD.

Asthma and Allergy

No associations were found between asthma or persistent
wheeze and persistent AD until 3 years of age (OR, 1.6; 95% CI,
0.6-4.0; P = .30) or allergic sensitization at 6 and 18 months
(OR, 1.1; 95% CI, 0.5-2.6; P = .80) and persistent AD.

Multivariable Analysis

Heritable and environmental determinants significantly
associated with the persistence of AD were analyzed in a mul-
tivariable model to examine covariance. In this combined
analysis, we found that a higher AD genetic risk score was
significantly associated with persistent AD (multivariable OR,
1.8;95% CI, 1.1-2.9; P = .02). Paternal asthma and AD were also
associated with persistent AD: paternal asthma (multivari-
able OR, 3.7; 95% CI, 1.2-11.5; P = .02) and paternal AD (mul-
tivariable OR, 6.2; 95% CI, 1.2-23.2; P = .007). Social circum-
stances were also associated with persistent AD (multivariable
OR, 1.6; 95% CI, 1.0-2.5; P = .05).

Clinical Presentation at AD Onset

A PCA analysis of Hanifin and Rajka’s minor criteria regis-
tered at AD onset showed that PC1 explained 18% and PC2
explained 15% of the variation in the original variables. There
was a significant overall shift in PCA scores between the per-
sistent and transient AD groups (F = 2.0; R? = 0.0; P = .003).
This shift was most prominent in PC1, where increased scores
among persistent AD for several features, including Dennie-
Morgan folds, anterior neck folds, white dermographism,
intolerance to wool, itching when sweating, a tendency to skin
infection, food intolerance, and food allergy, were contribut-
ing factors (eFigure 2 in the Supplement).

The mean (SD) severity score at AD onset as measured by
modified SCORAD in the COPSAC clinic was 18 (9.4) amongall
children with AD. The modified SCORAD mean (SD) score was
higher for children with persistent (22 [8.6]) vs transient (17
[9.3]) AD (OR, 1.1;95% CI, 1.0-1.1; P = .007). Duration of AD was
increased by 27 days per 1-U increase in modified SCORAD score
at the first visit (95% CI, 7-46; P < .001).
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Table. Determinants of Persistent AD at Age 13 Years in 166 Children Followed Up From Birth

Who Received a Diagnosis of AD Before Age 10 Years

No. (%)
AllWith AD  Persistent Transient AD
Characteristic (N = 166) AD(n=40) (n=126) OR (95%ClI) P Value
Heritability
White race 161 (96.9) 40 (100.0) 121 (96.0) NA NA
Filaggrin gene mutations 28 (17.0) 11 (29.0) 17 (13.5) 2.6(1.1-6.2) .03
AD genetic risk score, mean (SD) 0.12 (0.98) 0.47 (1.07) 0.02(0.94) 1.6 (1.1-2.4) .03
Parental disease
Maternal asthma 166 (100) 40 (100) 126 (100) NA NA
Maternal AD 82 (56.6) 22 (66.7) 60 (53.6)  1.7(0.8-3.9) .18
Maternal allergic rhinitis 121 (76.6) 27 (77.1) 94 (76.4) 1.0 (0.4-2.5) .93
Paternal asthma 31 (18.8) 15 (37.5) 16 (12.8) 4.1(1.8-9.4) <.001
Paternal AD 18 (13.3) 11 (30.6) 7 (7.0) 5.8 (2.0-17.0) <.001
Paternal allergic rhinitis 55 (37.9) 18 (47.4) 37 (34.6) 1.7 (0.8-3.6) .16
Environmental exposures
Male sex 85 (51.2) 21 (52.5) 64 (50.8) 0.9 (0.5-1.9) .85
Nulliparous mother 97 (61.0) 19 (51.4) 78 (63.9) 0.6 (0.3-1.3) .17
Any smoking during pregnancy 34 (20.5) 8 (20.0) 26 (20.6) 1.0 (0.4-2.5) .93
Any antibiotic use during pregnancy 41 (24.7) 9 (22.5) 32 (25.4) 1.0 (0.4-2.2) .96

Cord blood vitamin D level, 102 (75-132) 105 (67-150)
median (IQR), ng/mL

Season of birth

Spring/summer 71 (42.7) 15 (37.5)
Gestational age, mean (SD), wk 39.8 (1.6) 39.5 (1.7)
Head circumference at birth, mean (SD), mm 351 (16) 349 (15)
Birth weight, mean (SD), kg 3.5(0.6) 3.4 (0.5)

Cesarean delivery 36 (21.7) 7 (17.5)
Social circumstances, mean (SD)? 0.05 (1.0) 0.4 (1.1)
Any older children in the home 66 (40.5) 18 (48.7)

Duration of solely breastfeeding, 122 (92-168) 125 (89-175)

median (IQR), d

Domestic dog exposure at birth 22 (13.4) 3(7.5)

Domestic cat exposure at birth 25 (15.2) 7 (17.5)
Asthma and allergy

Asthmaat 0-3 y 25 (15.0) 8 (20.0)

Any sensitization at 6 or 18 mo 39 (30.7) 10 (32.3)

102 (77-132) 0.9 (0.4-2.0) .78

56 (44.4) 1.3(0.6-2.7) .44
39.9(1.6) 0.8(0.7-1.0) .10
352 (17) 1.0 (0.97-1.01) .30
3.5(0.5 06(0.3-1.1) .11
29(23.0) 1.4(0.6-3.5) .46

Abbreviations: AD, atopic dermatitis;
IQR, interquartile range; NA, not
applicable; and OR, odds ratio.

-0.06 (0.98) 1.6 (1.1-2.2) .02
48 (38.1) 1.5(0.7-3.2) .27

122 (92-167) 1.0(0.99-1.1) .86
Sl conversion factor: To convert

19 (15.3) 0.5(0.1-1.6) .21 vitamin D levels to nanomoles per
18 (14.5) 13(0.5-33) .65 liter, multiply by 2.496.

2 Social circumstances represent
17 (13.5) 1.6 (0.6-4.0) .32 information about maternal age,
29 (30.2) 11(05-26) .83 maternal educational level, and

household income at 2 years of age.

|
Discussion

Primary Findings

Atopic dermatitis genetic risk score, including common FLG
mutations, was the only significant nonclinical risk factor for AD
persistence.®3® Furthermore, paternal asthma and AD as well as
high social circumstances were risk factors for AD persistence at
age 13 yearsin this at-risk cohort followed up prospectively from
birth until 13 years of age. The clinical presentation at diagnosis,
including selected Hanifin and Rajka minor criteria, and increased
AD severity were also associated with AD persistence, whereas
early-life wheezing and allergic sensitization were not associated
with AD persistence. These findings suggest that heritability com-
bined with AD characteristics at diagnosis may be used for per-
sonalized disease courseestimation.

Interpretation

We found that 24.1% of children diagnosed with AD during child-
hood had persistent disease at age 13 years, which is in line with
arecent meta-analysis that included 45 studies showing that 20%
of children with AD had persistent disease after 8 years of age.®
Additional longitudinal studies have shown genetic variance
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Figure 4. Genetic Risk Score, Including Common FLG Mutations,
and Duration of Atopic Dermatitis in Years
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associated with persistent AD through childhood.® We showed
that most children had disease onset in the first 2 years of life, with
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asmaller fraction diagnosed after this age. We described the preva-
lence of AD according to age: the highest prevalence occurred at
2 years of age and declined gradually throughout childhood. We
further illustrated the fluctuations of AD over the first 13 years of
life, documenting that the majority of children with persistent AD
at age 13 years had already received a diagnosis at age 2 years.
Genetics, summarized by an AD genetic risk score, was the stron-
gest nonclinical risk factor for persistent AD at age 13 years in a
dose-dependent manner with the duration of AD.2%3° Twin stud-
ies have suggested that heritability of AD is approximately 80%
to 90%.° However, the genetic risk score explained approxi-
mately 8% of the difference between a persistent vs transient AD
course from age O to 13 years, in line with previous AD genome-
wide association study analyses that were able to explain approxi-
mately 15% of variance in the risk of developing AD.*' This find-
ing suggests that both onset and duration of AD are contributed
to by alarge number of genetic variants with small effect size.

Our study suggests associations between paternal asthma
and AD and persistence of childhood AD, whereas we observed
no significant associations with maternal disease. This difference
between maternal and paternal heritage might be explained by
the at-risk nature of the cohort. It was an inclusion criterion that
allmothers had asthma, and they were therefore also much more
likely to have AD and allergic rhinitis, whereas there were no
inclusion criteria involving paternal disease. Previously, AD has
beenreported tobe a disease of children from high socioeconomic
groups.*"*3 Our results corroborate these findings and show that
children with AD from families with higher social circumstances
are at greater risk of experiencing persistent AD.

Anincreased prevalence of asthma and allergy among in-
dividuals with ADis often described as the “atopic march.”4445
However asthma and persistent wheeze and allergic sensiti-
zation in early childhood were not significant risk factors for
persistent AD at 13 years of age. This finding is supported by a
study examining individual development of AD, asthma, and
rhinitis in 9801 children.*® In that study, 3% of the examined
children followed the “atopic march.” In fact, we proposed that

Factors Associated With Persistent Atopic Dermatitis in Children

the atopic march is restricted to a specific endotype of chil-
dren with AD, but that it does not describe the natural devel-
opment of AD, asthma, and sensitization in childhood.™

We examined the clinical presentation of children with AD
at first diagnosis and found that the validated diagnostic mi-
nor criteria of Hanifin and Rajka?°-3° were useful to estimate
the likelihood of AD persistence at age 13 years. In particular,
the minor criteria (Dennie-Morgan folds, anterior neck folds,
white dermographism, intolerance to wool, itching when
sweating, tendency to skin infection, food intolerance, and food
allergy) contributed to this association. Furthermore, we found
that high SCORAD at diagnosis was a risk factor for persistent
AD. Both of these clinical AD factors were also associated with
duration of AD. These, in combination with genetic assess-
ments, might thus be useful tools for personalized disease
course estimation.

Strengths and Limitations

A major advantage of the study is that all AD diagnoses were
made longitudinally at the COPSAC clinic according to stan-
dard operating procedures.?® Furthermore, all children were
seen in the COPSAC clinic at acute and scheduled visits for
skin-related symptoms, which minimized the risk of parental
recall bias. This meticulous prospective follow-up is a signifi-
cant strength that enabled accurate assessment of AD onset
and remission. Limitations of the study were that all mothers
in the project had a history of asthma and that the findings
require validation in an unselected population.

|
Conclusions

The findings of this study suggest that an AD geneticrisk score,
selected minor criteria of Hanifin and Rajka, and AD severity
at diagnosis arerisk factors for persistence of AD through child-
hood. These findings could be used in clinical practice for per-
sonalized disease course estimation.
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