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ABSTRACT

Purpose: We aimed to investigate the prevalence of atopic dermatitis (AD) and its associated
risk factors in Korean children in 2022, and to compare to our findings with previous results
to identify changes or trends over time.

Methods: A nationwide, cross-sectional study of randomly selected schoolchildren aged 6-7,
9-10, and 12-13 years, respectively, was completed. Information was obtained through the
International Study of Asthma and Allergies in Childhood questionnaire, and comparisons
between the current and prior surveys performed in 1995, 2000, and 2010 were conducted
using a trend test.

Results: In the 2022 survey, the prevalence of “itchy eczema, ever” was 18.3% in 6- to 7-year-
olds, 21.6% in 9- to 10-year-olds, and 18.8% in 12- to 13-year-olds. The prevalence of “AD
diagnosis, ever” in 6- to 7-year-olds rose from 20.9% in 1995 to 35.4% in 2010, then dropped
to 13.6% in 2022 (P < 0.001), while in 12- to 13-year-olds, it increased from 7.1% in 1995 to
23.7% in 2010, then declined to 17.5% in 2022 (P < 0.001). In 6- to 7-year-olds, the prevalence
of "AD only" and "AD and asthma" decreased between 1995 and 2022 (all P < 0.001). In

12- to 13-year-olds, the prevalence of "AD only," "AD and rhinitis," and "AD and asthma and
rhinitis" all increased during the same period (all P < 0.001).

Conclusions: The prevalence of AD decreased in Korean children aged 6-7 years and
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increased in those aged 12-13 years, respectively, between 1995 and 2022, with a concomitant
rise in allergic comorbidities among adolescents, suggesting age-dependent trends
influenced by diverse AD phenotypes.

Keywords: Adolescents; atopic dermatitis; allergic rhinitis; antibiotics; asthma; prevalence

INTRODUCTION

Atopic dermatitis (AD) is a prevalent chronic inflammatory skin disease in children and
adolescents, characterized by pruritus and eczematous skin lesions.' The diverse symptoms
and chronicity of AD significantly compromise the quality of life and place a psychosocial
burden on patients and their caregivers.’? The complex interplay of genetic and environmental
factors, including climate, air pollution, and altered skin microbiome, contributes to

the development of AD.! Over the past decades, the global prevalence of AD has shown

an increasing trend, with substantial variations among different populations. A recent
Korean study reported a decrease in the prevalence of very-early-onset AD between 2003
and 2018, with an increase in childhood-onset AD, indicating the considerable phenotypic
heterogeneity of AD.? This underscores the necessity for a comprehensive understanding
of AD prevalence and associated risk factors in pediatric and adolescent populations for
effective public health interventions.

To address this, many researchers have conducted epidemiologic studies in Korea, primarily
based on data from the National Health Insurance Service (NHIS) and a nationwide
questionnaire survey through the International Study of Asthma and Allergies in Childhood
(ISAAC).>* The NHIS, as a comprehensive database, enables researchers to conduct large-
scale analyses of real-world clinical data with high statistical power. A recent study using
NHIS data demonstrated that the estimated prevalence of AD in patients < 19 years of age
increased from 4.0% in 2003 to 4.5% in 2018.3 However, the NHIS data focus on health

care usage, potentially leading to an underestimation of milder or subclinical cases of AD.
Additionally, reliance on diagnostic codes may introduce misclassification bias, skewing
prevalence estimates.

In contrast, the ISAAC study uses standardized questionnaires to collect data on AD
prevalence and associated risk factors, allowing cross-national comparisons and the
identification of potential environmental factors, such as urbanization, indoor environment,
and early-life antibiotic use. Moreover, the longitudinal administration of the ISAAC
questionnaire at regular intervals over several decades offers the advantage of tracking
changes in AD prevalence with the same tool in each region in the world. In Korea,
nationwide surveys using the ISAAC questionnaire were conducted in 1995, 2000, and 2010,
respectively, with the fourth nationwide survey on childhood AD performed in 2022.5¢

The objective of this study was to investigate the prevalence of AD and its associated risk
factors in Korean children and adolescents in 2022, comparing these findings with results of
previous analyses to identify any significant changes or trends over time.
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MATERIALS AND METHODS

Study design and subjects

A cross-sectional survey was conducted in 4,144 children aged 6-7 years, 4,321 children aged
9-10 years, and 4,387 students aged 12-13 years. Participants were selected from a random
sample of 213 elementary and 103 middle schools located nationwide. The sampling frame
was based on a comprehensive national list of schools in Korea. A stratified 2-stage cluster
sampling design was employed, where schools were stratified by geographic regions, school
location type (metropolitan, urban, or rural areas), and the proportion of households
residing in apartment complexes. During the first stage of sampling, schools were stratified,
and sample schools were selected using a systematic probability proportional to the size-
sampling procedure, with the number of classes in the school serving as the measure of size.
The school frame was ordered by region, zip code, and school enrollment before sample
selection. Participation rates for originally sampled schools were 100% for both elementary
and middle schools. In the second stage, 2 classes were randomly selected within each
sample school, and all children in those classes were asked to take part in the survey. Parents
provided demographic information, including age, sex, region, urbanization, and monthly
family income. The survey was conducted between September and November 2022, aligning
with previous surveys in 1995, 2000, and 2010. School locations were classified into 3 groups
(metropolitan, urban, or rural area) based on population size and density.

The study survey was conducted using a combination of field survey and online methods. In
elementary schools, most data were collected via field surveys, with a response rate of 96.6%,
while 3.4% of surveys were administered online. A similar strategy was applied in middle
schools, where field surveys were predominantly deployed, with a response rate of 97.6%,
while 2.4% were administered online. This study was approved by the Institutional Review
Board of Inje University in Seoul (PAIK 2022-01-006). Written informed consent was obtained
from parents before their children participated in the study.

Assessment of risk factors by questionnaire

The Korean version of the ISAAC questionnaire was used to assess risk factors in this study.

A detailed description of the questionnaire was reported previously.® The prevalence of AD
was assessed using the following definitions: “itchy eczema, ever” referred to those who had
experienced itchy eczema episodes in their lifetime; “itchy eczema, lasting for 12 months”
included those who had experienced itchy eczema episodes within 12 months of the survey;
“AD diagnosis, ever” applied to those who had been diagnosed with AD by a physician in their
lifetime; and “AD treatment, last 12 months” referred to those who had received treatment
for AD within 12 months of the survey. Current AD was defined by the presence of an
intermittent itchy skin rash that came and went for > 6 months among those who experienced
itchy eczema episodes in their lifetime and reported the rash within the past 12 months.” The
core questionnaire also included basic socio-demographic information and potential risk
factors influencing the development or exacerbation of AD. For elementary school students,
parents completed the entire questionnaire, including questions on risk factors and the
prevalence of AD. For middle school students, parents completed questions on risk factors,
while students answered questions related to the prevalence of AD.

Previous epidemiological investigations for comparative analysis

Previous epidemiological investigations for comparative analysis were conducted by a
research team with continuity in many of the senior researchers and clinical supervisors,
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while the field survey teams responsible for data collection differed across surveys. The

survey methodology in our study closely follows the approach of earlier investigations, which
used the Korean version of the ISAAC questionnaire in 1995, 2000, and 2010, as previously
described.>* During the initial phase of our study in 1995, a cross-sectional survey of 3,985
children aged 6-7 years and 5,010 students aged 12-13 years was conducted, with an overall
response rate of 94.9%. Similarly, in 2000, our cross-sectional survey targeted 4,650 children
aged 6-7 years and 5,109 students aged 12-13 years (response rate, 97.8%), with exclusive
reliance on field surveys to collect information from these age groups. Using the same
random sampling and stratified 2-stage cluster sampling design, we analyzed data from
4,003 children aged 6-7 years and 4,112 students aged 12-13 years from 45 elementary and 40
middle schools, with final response rates of 92.1% and 93.8%, respectively, in 2010.

Statistical analysis

Because the survey participants were selected in 2010 and 2022 using a stratified 2-stage
cluster sampling design, we constructed the sampling weights for this study to account

for differential selection probabilities, non-response, and post-stratification. Categorical
variables are presented as frequencies and weighted percentages. Prevalence rates of AD
were calculated using the SURVEYFREQ procedure in SAS, a statistical software widely used
for complex survey data analysis. This procedure accounts for complex multistage survey
designs by incorporating stratification, clustering, and unequal weighting to compute
estimates. Comparisons between current and previous surveys were conducted using a
Cochran-Armitage trend test to assess changes in prevalence rates over time. Somers’

delta and Pearson’s correlation coefficients were used to assess the direction of the trend.
Additionally, we conducted logistic regression analysis to examine the association between
potential risk factors and the prevalence of AD. The results were presented as adjusted

odds ratios (aORs) with 95% confidence intervals (CIs). Potential risk factors included sex,

a family history of allergic diseases, birth-related variables (delivery mode, birth weight,
gestational age, breastmilk feeding, antibiotics use during infancy, household pets during the
perinatal period), and residential area. The SURVEYLOGISTIC procedure in SAS was used for
logistic regression, incorporating complex survey design features such as stratification and
weighting. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA). P < 0.05 was considered statistically significant.

RESULTS

A total of 4,038 children aged 6-7 years, 4,251 children aged 9-10 years, and 4,269 aged 12-13
years, respectively, participated in 2022 survey (Table 1). Among them, 2,037 (51.2%) boys
aged 6-7 years, 2,120 (51.3%) boys aged 9-10 years, and 2,143 (51.5%) boys aged 12-13 years
were included. The prevalence rates of “itchy eczema, ever” among children aged 6-7 years,
9-10 years, and 12-13 years were 18.3%, 21.6%, and 18.8%, respectively (Fig. 1A), while the
prevalence rates of “itchy eczema, lasting for 12 months” for each age group were 12.9%,
14.0%, and 11.1%. In children aged 6-7 years, the lifetime prevalence of AD diagnosis was
13.6%, while the prevalence of AD treatment in the last 12 months was 6.2%. On the other
hand, in the 9- to 10-year-olds and 12- to 13-year-olds, the lifetime prevalence rates of AD
diagnosis were 17.0% and 17.5%), with corresponding prevalence rates of AD treatment in the
last 12 months of 6.4% and 6.6%, respectively (Fig. 1A).
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Table 1. Characteristics of the study population in 2022 (n =12,558)

Characteristics 6- to 7-year-olds 9- to 10-year-olds 12- to 13-year-olds
(n=4,038) (n=4,251) (n = 4,269)
Sex
Male 2,037 (51.2) 2,120 (51.3) 2,143 (51.5)
Female 2,001 (48.8) 2,131 (48.7) 2,126 (48.5)
Family history of allergic
diseases
None 1,401 (34.5) 1,625 (37.9) 1,957 (46.0)
Father alone 730 (17.9) 746 (17.6) 707 (17.3)
Mother alone 854 (21.3) 883 (20.5) 831 (19.0)
Both parents 1,051 (26.3) 996 (66.1) 769 (17.6)
Birth type
Vaginal delivery 2,332 (57.9) 2,655 (61.8) 2,667 (62.3)
Cesarean section 1,706 (42.1) 1,596 (38.2) 1,602 (37.7)
Gestational period
< 36 weeks 593 (12.5) 538 (12.8) 561 (12.3)
37-42 weeks 3,434 (85.5) 3,618 (85.3) 3,584 (84.8)
> 43 weeks 80 (1.9) 94 (1.9) 124 (2.9)
Birth weight
<3.1kg 1,475 (36.5) 1,488 (35.2) 1,492 (35.0)
3.1-3.5kg 1,802 (44.8) 1,927 (45.1) 1,928 (44.7)
> 3.6 kg 758 (18.7) 835 (19.8) 849 (20.3)
Breastfeeding
Yes 3,764 (93.3) 3,993 (94.2) 4,001 (93.8)
No 274 (6.7) 258 (5.8) 267 (6.2)
Antibiotics use during infancy
Yes 1,539 (37.1) 1,553 (35.3) 1,242 (29.1)
No 2,498 (62.9) 2,698 (64.7) 3,027 (70.9)

Household pets during the
perinatal period

Yes 361 (9.4) 268 (6.7) 234 (5.3)

No 3,677 (90.6) 3,983 (93.3) 4,035 (94.7)
Residential area

Metropolitan 1,803 (40.8) 1,949 (40.6) 1,914 (41.0)

Urban 2,039 (54.5) 2,115 (54.8) 2,153 (54.1)

Rural 196 (4.7) 187 (4.6) 202 (4.9)

Values are presented as number (%).

For 6- to 7-year-olds, the prevalence of AD was highest in Sejong (13.9%), followed by Jeju-do
(10.3%), and Daejeon (9.6%), while the lowest rates were recorded in Ulsan (3.1%), Busan
(5.1%), and Jeollabuk-do (5.0%) (Fig. 1B). Among 9- to 10-year-olds, Incheon had the highest
prevalence (12.2%), followed by Jeju-do (11.9%), and Busan (11.6%), whereas the lowest
rates were documented in Chungcheongbuk-do (3.2%), Gyeongsangnam-do (4.8%), and
Sejong (5.3%) (Fig. 1C). Among 12- to 13-year-olds, Gangwon-do (11.0%), Busan (9.9%), and
Incheon (9.6%) reported the highest rates, while Sejong (0.0%), Gyeongsangbuk-do (4.2%),
and Daegu (5.2%) reported the lowest rates (Fig. 1D).

Among 6- to 7-year-olds, the prevalence of itchy eczema within the last 12 months changed
from 15.1% in 1995 to 12.5% in 2000, and 20.5% in 2010, respectively, then tapered off to
12.9% in 2022 (P for trend = 0.020) (Fig. 2A). When the AD characteristic “diagnosis, ever” was
considered, the prevalence of AD in 6- to 7-year-olds rose from 20.9% in 1995 to 29.3% in 2000
and further to 35.4% in 2010, then declined to 13.6% in 2022 (P for trend < 0.001) (Fig. 2A).
When the AD characteristic “treatment, last 12 months” was considered, it gradually increased
t0 9.7%, 14.3%, and 15.7% in 1995, 2000, and 2010, respectively, with a subsequent decrease
t0 6.2% in 2022 (P for trend < 0.001) (Fig. 2A). In contrast, the lifetime prevalence of eczema
symptoms and current AD, respectively, did not show a statistical significance from 1995
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Fig. 1. Prevalence of AD in 2022 (A) and choropleth maps for the current AD prevalence in 6-to 7-year-old (B), 9- to 10-year-old (C), and 12- to 13-year-old (D)
children in 2022.
AD, atopic dermatitis.

to 2022 (P for trend = 0.846 and 0.137). Among the 12 to 13-year-olds, the prevalence of “AD
diagnosis, ever” increased from 7.1% in 1995 to 23.7% in 2010, while that of “AD treatment,
last 12 months” rose from 4.2% in 1995 to 8.5% in 2010. Thereafter, however, the prevalence
as determined in 2022 dropped slightly to 17.5% for “AD diagnosis, ever” and 6.6% for “AD
treatment, last 12 months,” respectively (P for trend < 0.001) (Fig. 2B). Meanwhile, the

”, «

respective changes in the prevalence rates of “itchy eczema, ever”; “itchy eczema, last 12
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1995 (n =3,985) M 2000 (n=4,650) M 2010 (n=4,003) M 2022 (n=4,038)
40

%

Itchy eczema  Itchy eczema  AD diagnosis  AD treatment Current AD
(ever) (last 12 months) (ever) (last 12 months) 0

1995 (n=5,010) ® 2000 (n=5,109) M 2010 (n=4,112) ™ 2022 (n =4,269)

25 923.7

%

Itchy eczema  Itchy eczema  AD diagnosis  AD treatment Current AD
(ever) (last 12 months) (ever) (last 12 months) e

Fig. 2. Prevalence of AD in 6- to 7-year-old (A) and 12- to 13-year-old (B) children from 1995 to 2022. The
prevalence rates of “itchy eczema, last 12 months”; “AD diagnosis, ever”; and “AD treatment, last 12 months” in
6- to 7-year-old children significantly decreased between 1995 and 2022 (all P for trend < 0.05), whereas those of
AD of any definition in 12- to 13-year-old children significantly increased during the same period (all P for trend <
0.01). The Cochran-Armitage trend test was used to evaluate trends in prevalence changes.

AD, atopic dermatitis.

“P <0.05; ***P < 0.001.

months”; and “current AD” between 1995 and 2010 showed similar patterns to those of AD
with the other definitions (all P for trend < 0.001) (Fig. 2B).

Because we found that the prevalence rate of AD significantly decreased in 6- to 7-year-olds
but increased 12- to 13-year-olds over time, we tried to analyze whether the distribution of risk
factors had changed since 2010. Among 6- to 7-year-olds, the analysis of 2010 data identified
a family history of allergic diseases as a significant risk factor for AD, with aORs of 1.3 (95%
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Table 2. Comparison of risk factor analysis findings for atopic dermatitis between 2010 and 2022 in 6- to 7-year-old children

Characteristics 2010 (n = 3,167) 2022 (n = 4,031)
No. (%) aOR (95% Cl) Pvalue No. (%) aOR (95% Cl) P value

Sex

Female 1,601 (48.3) 1,998 (48.8)

Male 1,629 (51.7) 0.9 (0.7-1.1) 0.204 2,033 (51.2) 1.2 (0.9-1.6) 0.302
Family history of allergic diseases

No 1,403 (43.1) 1,396 (34.4)

Paternal allergy (only) 590 (18.5) 1.3 (1.0-1.6) 0.019 730 (17.9) 2.5(1.6-3.8) <0.001

Maternal allergy (only) 683 (21.0) 1.5(1.1-2.0) 0.008 854 (21.3) 2.2 (1.5-3.2) <0.001

Parental allergy (both) 554 (17.4) 1.6 (1.2-2.1) 0.001 1,051 (26.4) 3.4 (2.4-4.9) <0.001
Delivery modes

Vaginal delivery 2,036 (62.3) 2,329 (57.9)

Cesarean section 1,194 (37.7) 1.0(0.9-1.2) 0.775 1,702 (42.1) 0.8 (0.6-1.0) 0.054
Gestational age

37-42 weeks 2,620 (81.6) 3,430 (85.5)

Preterm 447 (13.8) 1.0 (0.8-1.3) 0.840 521 (12.5) 0.7 (0.4-1.1) 0.137

Postterm 163 (4.6) 0.7 (0.4-1.2) 0.217 80 (1.9) 1.2 (0.6-2.6) 0.587
Birth weight

3.1-3.5kg 1,550 (48.0) 1,801 (44.8)

<3.1kg 995 (30.9) 1.0(0.7-1.3) 0.797 1,473 (36.5) 1.0(0.7-1.4) 0.885

> 3.6 kg 685 (21.1) 0.9 (0.7-1.9) 0.650 757 (18.7) 0.9 (0.6-1.2) 0.502
Breastmilk feeding

Yes 2,392 (73.9) 3,757 (93.3)

No 838 (26.1) 0.9 (0.7-1.9) 0.440 274 (6.7) 0.6 (0.3-1.1) 0.094
Antibiotics use during infancy

No 2,048 (63.2) 2,495 (62.9)

Yes 1,182 (36.8) 1.3(1.1-1.6) 0.010 1,536 (37.1) 1.4 (1.0-1.8) 0.041
Household pets during perinatal period

No 3,036 (94.0) 3,671 (90.6)

Yes 194 (6.0) 1.0(0.6-1.5) 0.890 360 (9.4) 1.1(0.7-1.7) 0.744
Residential area

Metropolitan 1,498 (41.7) 1,800 (40.9)

Rural 168 (4.7) 1.0(0.7-1.5) 0.843 195 (4.7) 1.1(0.6-1.8) 0.823

Urban 1,564 (53.6) 1.0(0.8-1.3) 0.704 2,036 (54.5) 1.3 (1.0-1.6) 0.048

Bold-styled values denote statistically significant.
aOR, adjusted odds ratio; Cl, confidence interval.

CI, 1.0-1.6; P=0.019) for paternal allergy, 1.5 (95% CI, 1.1-2.0; P = 0.008) for maternal allergy,
and 1.6 (95% CI, 1.2-2.1; P=0.001) for allergies in both parents (Table 2), respectively.
Additionally, the use of antibiotics during infancy was associated with an increased risk of AD
(aOR, 1.3; 95% CI, 1.11.6; P=0.010). In 2022, a family history of allergic diseases was related
to an increased risk for AD, with elevated aORs of 2.5 (95% CI, 1.6-3.8) for paternal allergy,
2.2 (95% CI, 1.5-3.2) for maternal allergy, and 3.4 (95% CI, 2.4-4.9) for allergies in both
parents (all P < 0.001). Additionally, the risk for AD associated with antibiotic use during
infancy was higher compared to those who had not received antibiotics treatment (aOR, 1.4;
95% CI, 1.0-1.8; P=0.041). In 2022, residential areas were identified as a risk factor, with
residency in urban areas leading to an increased risk compared to residency in metropolitan
areas (aOR, 1.3; 95% CI, 1.0-1.6; P= 0.048).

Among 12- to 13-year-olds, a family history of allergic diseases was a consistent risk factor for
AD in both 2010 and 2022. In 2010, children with only a paternal allergy (aOR, 1.5; 95% CI,
1.1-2.1; P=0.008), only a maternal allergy (aOR, 1.7; 95% CI, 1.2-2.3; P=0.001), or allergies
in both parents (aOR, 2.4; 95% CI, 1.9-3.1; P < 0.001) showed increased risks of developing
AD (Table 3). This phenomenon was also documented in 2022, with aORs of 1.7 (95% CI,
1.1-2.4; P=0.011) for paternal allergy, 1.8 (95% CI, 1.2-2.7; P=0.002) for maternal allergy,
and 2.4 (95% CI, 1.7-3.5; P < 0.001) for allergies in both parents. In 2010, living in rural areas
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Table 3. Comparison of risk factor analysis findings for atopic dermatitis between 2010 and 2022 in 12- to 13-year-old children

Characteristics

2010 (n - 3,019) 2022 (n = 4,263)

No. (%) aOR (95% CI) P value No. (%) aOR (95% CI) P value

Sex

Female 1,587 (49.3) 2,125 (48.5)

Male 1,481 (50.7) 0.9 (0.7-1.2) 0.570 2,138 (51.5) 1.0(0.8-1.3) 0.888
Family history of allergic diseases

No 1,875 (61.1) 1,956 (46.1)

Paternal allergy (only) 398 (12.8) 1.5(1.1-2.1) 0.008 707 (17.4) 1.7 (1.1-2.4) 0.011

Maternal allergy (only) 519 (17.0) 1.7 (1.2-2.3) 0.001 831 (19.0) 1.8 (1.2-2.7) 0.002

Parental allergy (both) 276 (9.0) 2.4 (1.9-3.1) <0.001 769 (17.6) 2.4 (1.7-3.5) <0.001
Delivery modes

Vaginal delivery 1,898 (61.9) 2,662 (62.2)

Cesarean section 1,170 (38.1) 0.8(0.6-1.1) 0.231 1,601 (37.8) 0.8(0.6-1.1) 0.154
Birth weight

3.1-3.5kg 1,025 (32.8) 1,927 (44.7)

<3.1kg 1,436 (47.2) 1.1(0.9-1.4) 0.482 1,488 (34.9) 1.2 (0.9-1.7) 0.161

> 3.6 kg 607 (20.0) 0.8 (0.5-1.1) 0.138 848 (20.4) 1.2 (0.8-1.7) 0.330
Gestational age

37-42 weeks 2,329 (76.0) 3,579 (84.8)

Preterm 465 (15.0) 0.8 (0.6-1.1) 0.153 560 (12.4) 0.8 (0.5-1.9) 0.209

Postterm 274 (9.0) 1.0 (0.7-1.6) 0.827 124 (2.9) 1.8 (1.0-3.3) 0.050
Breastmilk feeding

Yes 2,024 (66.1) 3,997 (93.8)

No 1,044 (33.9) 0.9 (0.8-1.1) 0.398 266 (6.2) 1.1 (0.6-1.8) 0.825
Antibiotics use during infancy

No 2,346 (76.4) 3,021 (70.9)

Yes 722 (23.6) 1.3 (1.0-1.7) 0.063 1,249 (29.1) 1.2 (0.9-1.6) 0.284
Household pets during perinatal period

No 2,918 (95.6) 4,029 (94.7)

Yes 150 (4.4) 1.1(0.6-2.1) 0.735 234 (5.3) 0.8 (0.5-1.3) 0.298
Residential area

Metropolitan 1,361 (41.5) 1,911 (41.0)

Rural 76 (2.3) 0.2(0.1-0.8) 0.021 199 (4.9) 0.4 (0.1-1.0) 0.056

Urban 1,631 (56.2) 1.0(0.8-1.3) 0.778 92,153 (54.1) 1.0 (0.8-1.4) 0.808

Bold-styled values denote statistically significant.
aOR, adjusted odds ratio; Cl, confidence interval.
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was more protective against AD compared to living in metropolitan areas (aOR, 0.2; 95% CI,
0.1-0.8; P=0.021), whereas this association was not statistically significant in 2022.

In this study, time trends in AD and allergic comorbidities were analyzed between 1995 and
2022. In children aged 6-7 years, the prevalence rates of “AD, only” and “AD and asthma”
declined, while that of “AD and rhinitis” increased (all P for trend < 0.001) (Fig. 3A).
Meanwhile, the prevalence of “AD and asthma and rhinitis” did not change over time (P for
trend = 0.102) (Fig. 3A). In contrast, the prevalence rates of “AD, only”; “AD and rhinitis”; and
“AD and asthma and rhinitis” increased among 12- to 13-year-old children during the same
period (all P for trend < 0.001) (Fig. 3B).

DISCUSSION

Prevalence surveys using questionnaires in cross-sectional studies can investigate a large
number of subjects in a short period of time.® However, challenges persist when using this
method, including diagnostic inaccuracies and the risk of recall bias.? Although the exact
prevalence figures derived from such surveys may not be correct, comparing prevalence
rates over time is feasible if the same questionnaires are consistently used. Thus, the present
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1995 (%) 2000 (%) 2010 (%) 2022 (%) P for trend
| AD only 5.5 8.2 1.6 8.5 <0.001
W AD + AR 0.9 2.1 8.8 8.1 <0.001
O AD + asthma 0.3 0.7 0.9 0.4 0.422
W AD + AR + asthma 0.2 0.4 2.1 0.5 <0.001
1 No AD 93.1 88.6 76.7 82.5 <0.001

o

Fig. 3. Time trends in the prevalence rates of AD and allergic comorbidities among 6- to 7-year-old (A) and 12- to 13-year-old (B) children from 1995 to 2022. The
presence of allergic diseases was defined as children who had ever been diagnosed with AD, AR, or asthma by a physician. The Cochran-Armitage trend test was
used to evaluate trends in prevalence changes.
AD, atopic dermatitis; AR, allergic rhinitis.
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study contributes meaningful insights by analyzing the time trend in AD prevalence among
Korean children and adolescents over a 27-year timespan based on the same ISAAC protocol.

When observing longitudinal trends in AD prevalence, we need to consider that AD is a

heterogeneous disease with a multifactorial etiology and complex pathophysiology. In

clinical practice, the AD phenotype is defined by stratification in various ways depending on
the clinical characteristics of AD.! For example, depending on the onset age, AD patients
show either very-early-onset (between 3 months and 2 years), early-onset (2-6 years),
childhood-onset (6-14 years), adolescent-onset (14-18 years), adult-onset (20-60 years),

or very-late-onset (> 60 years) patterns.” These diverse phenotypes account for different

trajectories.’>® Therefore, it is necessary to longitudinally assess our cross-sectional studies
on AD epidemiology from 1995 according to different disease phenotypes or trajectories.

In 6- to 7-year-old children, significant trends in itchy eczema within the last 12 months, the
lifetime prevalence of AD diagnosis, and AD treatment in the last 12 months were detected.

These prevalence rates increased from 1995 to 2010, but it significantly reduced in 2022.
Meanwhile, a previous study in Korea that analyzed data from the Korean NHIS and Statistics
Korea for children aged < 18 years between 2003 and 2018 found a slight rise in the overall
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annual AD prevalence from 4.0% in 2003 to 4.5% in 2018.> Among children aged < 5 years,
the prevalence increased from 9.1% in 2003 to 11.6% in 2008, then dropped to 8.1% in 2018.
A particular increase in AD prevalence among 6- to 7-year-olds was noted from 2003 to 2013,
followed by a slight decrease in 2018. Thus, our longitudinal assessment of AD prevalence
through questionnaire surveys aligns with the results from NHIS data. Specifically, it
suggests that the prevalence of very-early-onset AD or early-onset AD, which can be seen in 6-
to 7-year-olds, gradually increased in Korea until around 2010 and then decreased thereafter.
However, the present study indicated that the 2022 prevalence rate was lower than that of
1995, whereas NHIS data suggested a higher prevalence in 2018 compared to 2003. This
discrepancy likely comes from methodological differences in estimating prevalence rates,

the specific time points compared (2022 vs. 2018), and the reduced availability of medical
services during the coronavirus disease 2019 (COVID-19) pandemic era.

In children aged 12-13 years, there was a statistically significant increase in the prevalence
rates of the lifetime prevalence of AD symptoms, AD symptoms in the last 12 months, the
lifetime prevalence of AD diagnosis, AD treatment in the last 12 months, and current AD
diagnosis between 1995 and 2010. These observations made in 12- to 13-year-olds in 2022
suggest that there may be an increase in early-onset AD that persists into later childhood

or a more frequent incidence of childhood-onset AD. Our prior study using NHIS data
demonstrated that the AD prevalence in 12- to 13-year-olds increased from 2002 to 2016 and
remained unchanged at a plateau until 2018, just before the COVID-19 pandemic began.?

This also suggests that there has been a change in the distribution of AD phenotypes in

2022 compared to 1995. Genetic predisposition, social circumstances, and microbiome
composition may contribute to the distinct trends observed in adolescents.** These findings
underscore the necessity for a shift in AD management strategies among Korean children and
adolescents from those used in the past.

In the present study, the prevalence of AD in both the 6- to 7- and 12- to 13-year-olds

increased from 1995, reaching a plateau in 2010. In the ISAAC phase 1 and phase 3 repeat
multi-country cross-sectional surveys conducted between 2002 and 2003, the prevalence

of eczema symptoms increased in 6- to 7-year-olds in most countries and in 12- to 13-year-

olds in low-prevalence countries.'® Thereafter, in Western developed countries, the time

trend of AD prevalence was reported to maintain the plateau. The prevalence of AD in
schoolchildren was maintained without any further increase in Norway between 1985 and
2008 and the Netherlands between 2001 and 2010.*" The incidence of AD remained largely
unchanged between 2013 and 2021 in annual cohorts of O- to 17-year-old German children and
adolescents.' Stable incidence rates of AD were also observed in a cross-sectional, population-
based cohort study involving children born in Denmark from 1997 to 2011 or born in Sweden
from 2006 to 2010." In contrast, in the Asia-Pacific region, which includes many developing
countries, the prevalence rates of asthma and allergies are changing rapidly, probably due to
environmental pollution, rapid urbanization, and Westernization.?® A recent systematic review
of studies using ISAAC questionnaires revealed that the lifetime-ever eczema prevalence in
children aged 0-18 years showed an increasing trend between 1985 and 2015 in mainland
China, whereas decreasing trends were found for Hong Kong as well as Taiwan.” AD
prevalence is influenced by ethnicity and socioeconomic status,? and this fact explains the
time trend of AD prevalence in Korean children and adolescents over the past 27 years.

In the present study, we sought to discern the causes of the change in AD prevalence between
2010 and 2022. In 6- to 7-year-olds, the parental history of allergic diseases and antibiotic
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use during the perinatal period were important risk factors for AD development in both 2010
and 2022. The decreasing trend in AD prevalence among this age group may reflect improved
public awareness and preventive practices, such as the widespread use of moisturizers

and breastfeeding. The presence of allergic diseases in the family also contributed to the
development of AD among 12- to 13-year-olds in both 2010 and 2022. In 2010, the AD
prevalence decreased among 12- to 13-year-old children living in rural areas compared to
those living in metropolitan areas. However, this protective effect lost statistical significance
in the 2022 survey, possibly due to urbanization and its associated environmental changes.
Additionally, the increasing prevalence of AD in this age group may be influenced by
exposure to environmental pollutants and psychological stress.”??

While our study used standardized methodology across different survey years, it is important

to acknowledge certain limitations in interpreting temporal trends. First, the surveys were

not conducted in identical regions across all study years, which may have introduced regional
variations affecting AD prevalence. However, as the sampling strategy was designed to ensure
national representativeness, this effect is expected to be minimal. Secondly, as this study is based
on cross-sectional surveys rather than a longitudinal cohort, individual-level disease trajectories
were not assessed. Therefore, observed prevalence changes reflect differences between
independent populations at each time point rather than true longitudinal changes within the
same individuals. Additional research is needed to determine whether this time trend in AD
prevalence will continue or what environmental factors may have caused this change.

From 1995 to 2022, trends in allergic comorbidities among children with AD differed
depending on age group. Of note, there was a statistically significant increase in the prevalence
rates of “AD and allergic rhinitis (AR)” and “AD and AR and asthma” among 12- to 13-year-olds.
That is, in Korean children aged 12-13 years, allergic comorbidities became more common

as the prevalence of AD increased, suggesting that earlier and more proactive management

of AD should be started before the age of 1213 years. The trend of combined AD, asthma,

and AR showed an upward trajectory, and it remains unclear whether this is a manifestation
of the allergic march or if AR is increasing independently.”* Moreover, the involvement of
diverse asthma phenotypes could contribute to these trends, underscoring the complexity

of asthma as a comorbidity.” In contrast, the prevalence of AD in 6- to 7-year-olds decreased
and the prevalence of asthma among those with AD also declined. This possibly reflects a
good prognosis in this age group, in which very-early-onset or early-onset AD mainly occurs.
However, a key distinction is that, while younger children displayed a significant downward
trend in “AD and asthma,” no such trend was observed among the 12- to 13-year-olds. This
could suggest that the etiology of asthma in younger children may primarily be related to

viral infections commonly found in early childhood, whereas, among 12- to 13-year-olds,
different factors could be at play, potentially including the allergic march.?** Nevertheless,
despite the reduced prevalence of asthma during the COVID-19 pandemic—likely due to the
significant decrease in other respiratory viral infections—the increase in rhinitis complicates
interpretations of trends of allergic comorbidities in 6- to 7-year-old children.

In conclusion, from 1995 to 2022, the prevalence of AD decreased over time in Korean
children aged 6-7 years and increased over time in those aged 12-13 years, respectively. This
study also determined that allergic comorbidities have also increased over time in 12- to
13-year-old Korean patients with AD. These time trends appear differently depending on the
age group due to the diversity of AD phenotypes, but the cause of changes in AD and allergic
comorbidity prevalence over time remains unclear.

https://e-aair.org https://doi.org/10.4168/aair.2025.17.4.505 516



Allergy, Asthma & AA] R
Prevalence of Atopic Dermatitis During 1995-2022 Immunology Research

ACKNOWLEDGMENTS

This work was supported by the Research Program funded by the Korea Centers for Disease
Control and Prevention (202111-034).

REFERENCES

1. KimJ, Kim BE, Leung DYM. Pathophysiology of atopic dermatitis: clinical implications. Allergy Asthma
Proc 2019;40:84-92. PUBMED | CROSSREF

2. Jeon YH, Ahn K, Kim J, Shin M, Hong SJ, Lee SY, et al. Clinical characteristics of atopic dermatitis in
Korean school-aged children and adolescents according to onset age and severity. ] Korean Med Sci
2022;37:€30. PUBMED | CROSSREF

3. Lee]JY, KimJ, Ahn K. Time trends in the prevalence of atopic dermatitis in Korean children according to
age. Allergy Asthma Immunol Res 2022;14:123-30. PUBMED | CROSSREF

4. Lee]Y, Yang HK, Kim M, Kim J, Ahn K. Is the prevalence of atopic dermatitis in Korean children
decreasing? : National Database 2009-2014. Asian Pac J Allergy Immunol 2017;35:144-9.  PUBMED |
CROSSREF

5. OhJW, Pyun BY, Choung]T, Ahn KM, Kim CH, Song SW, et al. Epidemiological change of atopic
dermatitis and food allergy in school-aged children in Korea between 1995 and 2000. J Korean Med Sci
2004;19:716-23. PUBMED | CROSSREF

6. Park YM, Lee SY, Kim WK, Han MY, Kim J, Chae Y, et al. Risk factors of atopic dermatitis in Korean
schoolchildren: 2010 international study of asthma and allergies in childhood. Asian PacJ Allergy
Immunol 2016;34:65-72. PUBMED | CROSSREF

7. Honjo S, Murakami Y, Odajima H, Adachi Y, Yoshida K, Ohya Y, et al. An independent relation of atopic
dermatitis to exercise-induced wheezing in asthmatic children. Allergol Int 2019;68:26-32. PUBMED |
CROSSREF

8. Setia MS. Methodology series module 3: cross-sectional studies. Indian ] Dermatol 2016;61:261-4.
PUBMED | CROSSREF

9. Althubaiti A. Information bias in health research: definition, pitfalls, and adjustment methods. J
Multidiscip Healthc 2016;9:2117. PUBMED | CROSSREF

10. KimJ, Ahn K. Atopic dermatitis endotypes: knowledge for personalized medicine. Curr Opin Allergy Clin
Immunol 2022;22:153-9. PUBMED | CROSSREF

11. Bieber T, D’Erme AM, Akdis CA, Traidl-Hoffmann C, Lauener R, Schippi G, et al. Clinical phenotypes
and endophenotypes of atopic dermatitis: where are we, and where should we go? J Allergy Clin Immunol
2017;139:S58-64. PUBMED | CROSSREF

12. Irvine AD, Mina-Osorio P. Disease trajectories in childhood atopic dermatitis: an update and
practitioner’s guide. Br ] Dermatol 2019;181:895-906. PUBMED | CROSSREF

13. Silverberg]I. Atopic dermatitis epidemiology: moving beyond cross-sectional studies. Br ] Dermatol
2019;181:883-4. PUBMED | CROSSREF

14. Hansen TE, Evjenth B, HoltJ. Increasing prevalence of asthma, allergic rhinoconjunctivitis and eczema
among schoolchildren: three surveys during the period 1985-2008. Acta Paediatr 2013;102:47-52.
PUBMED | CROSSREF

15. Thorsteinsdottir S, Stokholm J, Thyssen JP, Ngrgaard S, Thorsen J, Chawes BL, et al. Genetic, clinical,
and environmental factors associated with persistent atopic dermatitis in childhood. JAMA Dermatol
2019;155:50-7. PUBMED | CROSSREF

16. Asher MI, Montefort S, Bjorkstén B, Lai CK, Strachan DP, Weiland SK, et al. Worldwide time trends in the
prevalence of symptoms of asthma, allergic rhinoconjunctivitis, and eczema in childhood: ISAAC phases
one and three repeat multicountry cross-sectional surveys. Lancet 2006;368:733-43. PUBMED | CROSSREF

17.  de Korte-de Boer D, Mommers M, Gielkens-Sijstermans CM, Creemers HM, Mujakovic S, Feron FJ, et
al. Stabilizing prevalence trends of eczema, asthma and rhinoconjunctivitis in Dutch schoolchildren
(2001-2010). Allergy 2015;70:1669-73. PUBMED | CROSSREF

18. Kohring C, Akmatov MK, Dammertz L, Heuer J, Bitzing J, Holstiege J. Trends in incidence of atopic
disorders in children and adolescents - analysis of German claims data. World Allergy Organ J
2023;16:100797. PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2025.17.4.505 517


http://www.ncbi.nlm.nih.gov/pubmed/30819278
https://doi.org/10.2500/aap.2019.40.4202
http://www.ncbi.nlm.nih.gov/pubmed/35075829
https://doi.org/10.3346/jkms.2022.37.e30
http://www.ncbi.nlm.nih.gov/pubmed/34983112
https://doi.org/10.4168/aair.2022.14.1.123
http://www.ncbi.nlm.nih.gov/pubmed/27996291
https://doi.org/10.12932/AP0797
http://www.ncbi.nlm.nih.gov/pubmed/15483350
https://doi.org/10.3346/jkms.2004.19.5.716
http://www.ncbi.nlm.nih.gov/pubmed/26994628
https://doi.org/10.12932/AP0621.34.1.2016
http://www.ncbi.nlm.nih.gov/pubmed/29857932
https://doi.org/10.1016/j.alit.2018.04.013
http://www.ncbi.nlm.nih.gov/pubmed/27293245
https://doi.org/10.4103/0019-5154.182410
http://www.ncbi.nlm.nih.gov/pubmed/27217764
https://doi.org/10.2147/JMDH.S104807
http://www.ncbi.nlm.nih.gov/pubmed/35152229
https://doi.org/10.1097/ACI.0000000000000820
http://www.ncbi.nlm.nih.gov/pubmed/28390478
https://doi.org/10.1016/j.jaci.2017.01.008
http://www.ncbi.nlm.nih.gov/pubmed/30758843
https://doi.org/10.1111/bjd.17766
http://www.ncbi.nlm.nih.gov/pubmed/31494927
https://doi.org/10.1111/bjd.18440
http://www.ncbi.nlm.nih.gov/pubmed/22994385
https://doi.org/10.1111/apa.12030
http://www.ncbi.nlm.nih.gov/pubmed/30427975
https://doi.org/10.1001/jamadermatol.2018.4061
http://www.ncbi.nlm.nih.gov/pubmed/16935684
https://doi.org/10.1016/S0140-6736(06)69283-0
http://www.ncbi.nlm.nih.gov/pubmed/26289999
https://doi.org/10.1111/all.12728
http://www.ncbi.nlm.nih.gov/pubmed/37485449
https://doi.org/10.1016/j.waojou.2023.100797

Allergy, Asthma & AA] R
Prevalence of Atopic Dermatitis During 1995-2022 Immunology Research

19. Henriksen L, Simonsen J, Haerskjold A, Linder M, Kieler H, Thomsen SF, et al. Incidence rates of atopic
dermatitis, asthma, and allergic rhinoconjunctivitis in Danish and Swedish children. J Allergy Clin
Immunol 2015;136:360-6.€2. PUBMED | CROSSREF

20. Wong GW, Leung TF, Ko FW. Changing prevalence of allergic diseases in the Asia-Pacific region. Allergy
Asthma Immunol Res 2013;5:2517. PUBMED | CROSSREF

21. LiuW, CaiJ, Sun C, Zou Z, Zhang J, Huang C. Time-trends for eczema prevalences among children and
adults from 1985 to 2015 in China: a systematic review. BMC Public Health 2022;22:1294. PUBMED |
CROSSREF

22. Mosam A, Todd G. Global epidemiology and disparities in atopic dermatitis. Br ] Dermatol 2023;188:726-37.
PUBMED | CROSSREF

23. Kim SW, Lee J, Kwon SC, Lee JH. Association between urinary phthalate metabolite concentration and
atopic dermatitis in Korean adolescents participating in the third Korean National Environmental Health
Survey, 2015-2017. Int ] Environ Res Public Health 2021;18:2261. PUBMED | CROSSREF

24. Kongs§, Koo J, Lim SK. Associations between stress and physical activity in Korean adolescents with
atopic dermatitis based on the 2018-2019 Korea Youth Risk Behavior Web-Based Survey. IntJ Environ Res
Public Health 2020;17:17.  PUBMED | CROSSREF

25. Jung S, Lee SY, Yoon ], Cho HJ, Park MJ, Song KB, et al.. Atopic dermatitis with coexisting food allergy in
early life is associated with childhood asthma. Allergy Asthma Immunol Res 2022;14:565-80. PUBMED |
CROSSREF

26. Yu]. Which subtype of atopic dermatitis progresses to asthma? A story about allergic march. Allergy
Asthma Immunol Res 2022;14:585-6. PUBMED | CROSSREF

27. Roberto G, Barberi S, Marseglia GL, Licari A. What’s new in pediatric asthma and rhinitis phenotypes and
endotypes? Curr Opin Allergy Clin Immunol 2024;24:73-8.  PUBMED | CROSSREF

28. Dinwiddie DL, Kaukis N, Pham S, Hardin O, Stoner AN, Kincaid JC, et al. Viral infection and allergy

status impact severity of asthma symptoms in children with asthma exacerbations. Ann Allergy Asthma
Immunol 2022;129:319-326.€3. PUBMED | CROSSREF

https://e-aair.org https://doi.org/10.4168/aair.2025.17.4.505 518


http://www.ncbi.nlm.nih.gov/pubmed/25828267
https://doi.org/10.1016/j.jaci.2015.02.003
http://www.ncbi.nlm.nih.gov/pubmed/24003381
https://doi.org/10.4168/aair.2013.5.5.251
http://www.ncbi.nlm.nih.gov/pubmed/35790959
https://doi.org/10.1186/s12889-022-13650-7
http://www.ncbi.nlm.nih.gov/pubmed/36881991
https://doi.org/10.1093/bjd/ljad042
http://www.ncbi.nlm.nih.gov/pubmed/33668799
https://doi.org/10.3390/ijerph18052261
http://www.ncbi.nlm.nih.gov/pubmed/33167427
https://doi.org/10.3390/ijerph17218175
http://www.ncbi.nlm.nih.gov/pubmed/36174996
https://doi.org/10.4168/aair.2022.14.5.565
http://www.ncbi.nlm.nih.gov/pubmed/36426393
https://doi.org/10.4168/aair.2022.14.6.585
http://www.ncbi.nlm.nih.gov/pubmed/38295125
https://doi.org/10.1097/ACI.0000000000000970
http://www.ncbi.nlm.nih.gov/pubmed/35750292
https://doi.org/10.1016/j.anai.2022.06.017

	Prevalence and Comorbidities of Atopic Dermatitis in Korean Children and Adolescents From 1995 to 2022: 
A Population-Based Study
	INTRODUCTION
	MATERIALS AND METHODS
	Assessment of risk factors by questionnaire
	Previous epidemiological investigations for comparative analysis
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES


