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[ B O R N

Abstract: Pediatric atopic dermatitis (AD) can negatively impact the family quality of life (QoL).
We report data from the real-world Epidemiology of Children with Atopic Dermatitis Reporting
on their Experience (EPI-CARE) study in Japanese pediatric patients, focusing on disease impact
on family QoL. Children and adolescents aged 6 months to <18 years completed an online survey
between September 2018-December 2019. The impact of disease severity on family QoL and its
effect on parents’ time were assessed using the dermatitis family impact (DFI) questionnaire. The
impact of a family history of allergic conditions, current residency, second-hand smoke exposure,
and household pets on AD prevalence and severity was also assessed. Family QoL decreased as AD
severity increased, particularly in families with children aged <6 years; but had the greatest impact
on sleep and tiredness in families with children aged <12 years. Parents spent at least 4.6 h/week
caring for children <6 years, including those with mild symptoms. Most children (>80%) had a
family history of allergic conditions; AD prevalence was increased in those exposed to second-hand
smoke or household pets. This study demonstrated that pediatric AD in Japanese individuals has
negative impacts on family QoL and that family and household environments can influence pediatric
AD prevalence.
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1. Introduction

Atopic dermatitis (AD) is a chronic, relapsing skin condition characterized by pruritus
and disruption of the epithelial barrier, with symptoms often appearing within the first 5
years of life and persisting into adolescence and adulthood [1,2].

The pathophysiology of AD involves a complex interaction between genetic epithelial
skin barrier defects, dysregulated immune response, an altered microbiome, and envi-
ronmental risk factors [3]. In particular, patients with atopic diathesis are genetically
predisposed to develop one or more atopic diseases, including AD, hay fever, allergic
rhinitis, and asthma [4]. In addition, the patient’s exposome, a concept that encompasses
all environmental exposure (e.g., chemical pollution, tobacco smoke, infectious agents, or
lifestyle factors) encountered by an individual throughout their life, is thought to play an
important role in AD development [5-9].

AD in childhood and adolescence has a negative impact on the quality of life (QoL) of
the parents and caregivers of affected children [10-13]. Moderate-to-severe AD in children
is often associated with a significant symptom burden, including pruritus, pain, and sleep
disturbance, which may result in poor self-esteem, reduced school performance, and
increased familial stress [14]. Parents of children with AD often report reduced QoL related
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to sleep disturbances, daytime functioning, and financial problems [10-12]. A multinational
survey on the impact of AD on family QoL reported that caring for a child with moderate-
to-severe AD was associated with high levels of parental anxiety and exhaustion, as well
as strained family relationships [10]. Life decisions for caregivers and families of children
with AD are also negatively impacted, particularly in children with severe disease [15].

In addition to the negative impact of AD on families, the prevalence or severity of AD
may be affected by several factors, including a family history of allergic conditions [16],
second-hand smoke exposure [17], and the presence of domestic pets [18]. However, few
studies have evaluated the impact of pediatric AD on family QoL or the impact of the
family and household environment on AD prevalence and severity in Japan.

The Epidemiology of Children with Atopic Dermatitis Reporting on their Experience
(EPI-CARE) study evaluated the prevalence and burden of AD among the pediatric popula-
tion (aged 6 months to <18 years) and their caregivers in countries from several geographic
regions worldwide, including Japan [19]. Data from the EPI-CARE study have indicated
that parents and caregivers experience an impact of their child’s AD on family QoL, partic-
ularly in children with higher disease severity [13]. In the Japanese EPI-CARE pediatric
population (n = 5702), the 12-month prevalence of diagnosed AD (based on meeting the
International Study of Asthma and Allergies in Childhood (ISAAC) criteria [20] and having
a physician-diagnosed AD) was 10.7% overall, 12.9% in patients aged <6 years, 10.3% in
those aged 6 to <12 years, and 9.1% in those aged 12 to <18 years [19].

Here, we report additional results of the EPI-CARE study in the Japanese pediatric
population, focusing on the impact of pediatric AD on family QoL and the influence of the
family and the household environment on its prevalence and severity.

2. Materials and Methods
2.1. Study Design

The design of the cross-sectional, epidemiologic EPI-CARE study has been described
previously [19]. In addition, EPI-CARE was conducted across 18 countries to collect repre-
sentative data from pediatric populations with AD. The study received ethical approval and
was performed in accordance with the European Union General Data Protection Regulation,
the European Society for Opinion and Marketing Research, the Insights Association, the
European Pharmaceutical Marketing Research Association, the British Healthcare Business
Intelligence Association, the US Health Insurance Portability and Accountability Act, and
all international and local data protection legislation. All participants or their parents pro-
vided written informed consent before study entry. No personally identifiable information
or medical data were collected.

A web-based survey was used for data collection, and the parents of participants were
recruited via direct emailing, special interest websites, and broad-reach portals. Kantar
Health was responsible for participant recruitment, administration of surveys, collation of
responses, and data analyses. The survey was conducted in Japan between 26 September
2018, and 2 December 2019.

2.2. Study Population

The study included children and adolescents aged 6 months to <18 years. There were
no other specific study inclusion/exclusion criteria.

Initially, parents of eligible children and adolescents were recruited via email and
participated in an online panel; panel members were blinded to the research topic when
invited and received points once they completed the survey that could be redeemed for
items in a prize catalog (exact values unknown). After initial recruitment, the parents of
children aged <12 years completed the survey on behalf of their children, and adolescents
aged 12 to <18 years completed the survey themselves.
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2.3. Questionnaire and Outcomes

The 30-min online, web-based survey included two sections. In the first section, a
selection algorithm was used to determine which children were to be investigated (in cases
where parents had multiple children), and demographic data were collected. Three defini-
tions of AD were used: ‘reported AD,” “physician-diagnosed AD,” and ‘diagnosed AD’. For
‘reported AD’ responders had to exclusively meet all three ISAAC criteria (Table 1) [20]. For
‘physician-diagnosed AD’ responders self-reported having ever been told by a physician
that they had AD. For ‘diagnosed AD’ responders met all three ISAAC criteria and had
self-reported having ever been told by a physician that they had AD.

Table 1. International Study of Asthma and Allergies in Childhood Criteria for atopic dermatitis [20].

Criteria Description

1 An itchy rash that has come and gone for >6 months

2 The itchy rash has appeared at any time in the past 12 months
The itchy rash has affected any of the following places at any time:
e  Folds of the elbows
e  Behind the knees

3 e In front of the ankles
e Under the buttocks
° Around the neck, ears, or eyes

In the second section of the survey, which was completed by responders with AD,
disease severity was evaluated, and data on the impact of family and home life on the
disease burden on the individual’s family were collected. AD severity in the past week was
evaluated by the patient-oriented eczema measure (POEM) [21], with total scores ranging
from 0 (lowest severity) to 28 (highest severity). POEM scores of 0 to 7 indicate mild disease,
8 to 16 indicate moderate disease, and >16 indicate severe disease [22]. Disease severity was
also assessed using the patient global assessment (PtGA) [23], with self-reported severity
classified as clear/mild, moderate, or severe.

The impact of disease burden on the QoL of the parents and family of the individ-
ual with AD was assessed using the dermatitis family impact (DFI) questionnaire [24].
The DFI questionnaire assesses the impact of disease on (1) housework, (2) food prepara-
tion and feeding, (3) sleep of other family members, (4) family leisure activities, (5) time
spent shopping for the family, (6) expenditure, (7) causing tiredness and exhaustion of
parents/caregivers, (8) causing emotional distress of parents/caregivers, (9) relationships
between the main caregiver and partner or other children, and (10) the main caregiver’s life.
Total scores range from 0 to 30, with higher scores indicating a greater impact on family
life [24]. The impact of the disease on the time spent caring for the child and the number of
workdays missed was also examined.

Additionally, the impact of a family history of allergic conditions, including AD, hay
fever, or asthma, on AD severity was assessed. The impact of second-hand smoke exposure
and the presence of domestic pets on the prevalence and severity of AD was also examined.

2.4. Statistical Analysis

The target population size was determined prior to data collection to ensure that
the surveyed individuals were representative of the population in Japan for sex, age,
geographic regions, and urban versus rural residence. A weighting adjustment was applied
if this target was not met exactly, as previously described [19].

Descriptive statistics were used to present the data, with continuous data described by
the mean, median, standard deviation (SD), and range. The numbers of individuals as a
proportion of the sample, means, and medians were weighted, while the absolute numbers
of individuals were unweighted.
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b) DFI scores by domain

Housework

3. Results
3.1. Study Population Diagnosed with AD

Of the 5702 pediatric patients in the Japanese EPI-CARE population, 1671 (29.3%) were
aged 6 months to <6 years, 1989 (34.9%) were aged 6 to <12 years and 2042 (35.8%) were
aged 12 to <18 years. The prevalence of diagnosed AD was 12.9% (n = 226) in children
aged <6 years, 10.3% (n = 200) in children aged 6 to <12 years, and 9.1% (n = 182) among
adolescents aged 12 to <18 years.

The proportion of patients with clear/mild AD, moderate AD, and severe AD based
on the POEM score was 63.2%, 32.4%, and 4.4%, respectively, and based on PtGA scores, it
was 72.3%, 25.5%, and 2.2%, respectively [19].

3.2. Impact on Family QoL

In all age groups, mean DFI scores increased as the severity of ‘diagnosed AD’ in-
creased (Figure 1a). In patients with clear/mild AD based on POEM scores, mean (SD)
DFI scores were numerically higher in children aged <6 years than in those aged 6 to <12
years or 12 to <18 years (3.98 (5.76) vs 2.47 (4.29) and 2.35 (4.21), respectively). The mean
(SD) DFI scores were also numerically higher in children with moderate AD aged <6 years
(7.52 (6.85)) than those aged 6 to <12 years (5.86 (6.28)) or 12 to <18 years (5.92 (6.95)).
Among patients with severe AD, mean (SD) DFI scores were 9.36 (5.93) in children aged <6
years, 14.47 (8.22) in those aged 6 to <12 years, and 11.55 (9.86) in adolescents aged 12 to
<18 years.

a) Mean DFIl scores
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Figure 1. (a) Mean dermatitis family impact (DFI) scores according to POEM severity of atopic
dermatitis in Japanese pediatric patients across age groups; (b) distribution of DFI domain scores
across age groups. DFI, dermatitis family impact; POEM, patient-orientated eczema measure; SD,
standard deviation.

When DFI scores were examined by individual domains in children aged <6 years,
increased disease severity had the greatest impact on the ‘sleep of family” and ‘tiredness’
domains (Figure 1b). In children aged 6 to <12 years, severe AD had a marked impact
on all DFI domains, with the greatest impact being on ‘tiredness.” In adolescents aged
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12 to <18 years, moderate AD had the greatest impact on the ‘expenditures” domain,
and severe AD had the greatest impact on the ‘emotional distress,” ‘sleep of family,” and
‘tiredness’” domains.

3.3. Impact on Parents’ Time

In general, the mean number of hours spent caring for a child with ‘diagnosed AD’ in
the past week increased as AD severity increased (Figure 2a). In children aged <6 years,
a mean of 4.62 h was spent by parents caring for those who had mild diseases. In all age
groups, the length of time spent caring for those with moderate or severe AD was more
than twice that needed for those with mild AD. In patients aged 6 to <12 years and 12 to
<18 years, the time needed to care for those with severe AD was more than three times that
required for those with moderate AD.

a) Hours spent caring for child in past week
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Figure 2. (a) Mean hours spent caring for child in the past week; (b) total days of work missed
for atopic dermatitis-related issues in the past month for parents/caregivers of Japanese pediatric
patients across age groups. AD, atopic dermatitis; NA, not applicable; SD, standard deviation.

The number of workdays missed for AD-related issues in the past month also increased
as AD severity increased (Figure 2b). Among parents of children or adolescents with severe
AD, at least 1 workday was missed by 100.0% of parents of children aged <6 years, 55.9%
of those aged 6 to <12 years, and 62.7% of those aged 12 to <18 years.

3.4. Family History of Allergic Conditions

There was a family history of AD, hay fever, or asthma in 488 /547 patients (89.1%)
with ‘diagnosed AD’. In children aged <6 years, 91.4% of those with clear/mild AD, 91.6%
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of those with moderate disease, and 100.0% of those with severe disease had a family

history of AD, hay fever, or asthma (Figure 3). Similar trends were observed in patients
aged 6 to <12 years and 12 to <18 years.

0.5 to <6 years 6 to <12 years 12 to <18 years
r 1 T 1 T 1

= No family history
mm Family history

Proportion of patients (%)

Figure 3. Proportion of patients with a family history of atopic dermatitis (AD), hay fever, or

asthma according to POEM severity of AD in Japanese pediatric patients across age groups. POEM,
patient-orientated eczema measure.

3.5. Current Residency

The majority of pediatric patients with AD lived in urban or suburban regions of
the country across all age groups, regardless of AD severity (Supplementary Figure S1).
Current residency did not appear to impact disease severity in any age group.

3.6. Second-Hand Smoke Exposure

The prevalence of ‘reported AD,” ‘physician-diagnosed AD,” and ‘diagnosed AD’ was
higher in children or adolescents with a current or occasional smoker in the household
than in those from a non-smoking household (Figure 4). Across age groups, the prevalence
of ‘reported AD’ ranged from 12.9-24.2% in individuals living with non-smokers, from
25.5-31.8% in those living with a current smoker, and from 27.8-33.3% in those living
with an occasional smoker. In young children aged <6 years, 83.0% of those with severe
‘diagnosed AD’” were living with a smoker in the household (Supplementary Figure S2).
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Figure 4. Prevalence of atopic dermatitis according to family smoking status in Japanese pediatric
patients aged (a) 0.5 to <6 years; (b) 6 to <12 years; (c) 12 to <18 years. AD, atopic dermatitis.



J. Clin. Med. 2023, 12, 2988

7 of 12

Proportion of patients (%)
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3.7. Household Pets

The prevalence of ‘reported AD,” ‘physician-diagnosed AD,” and ‘diagnosed AD’ was
higher among children or adolescents who lived with a household pet than in those without
a household pet (Figure 5). Among those living with a household pet, 26.2-35.8% had
‘reported AD,” 21.3-28.7% had “physician-diagnosed AD,” and 13.8-18.5% had ‘diagnosed
AD'. In contrast, in children living without a household pet, 13-23.1% had ‘reported AD,’
12.3-18.8% had ‘physician-diagnosed AD,” and 5.9-10.7% had ‘diagnosed AD’. However,
the number of household pets did not appear to impact disease severity in any of the age
groups (Supplementary Figure S3).

3.8. Parent Education and Employment Status

In general, a high proportion of the parents of affected children/adolescents had
college, university, or graduate school education across all age groups, regardless of AD
severity (Supplementary Figure S4). In addition, the majority of parents were employed

(Supplementary Figure S5). Education and employment status did not appear to impact
disease severity in any age group.

b) 6 to <12 years
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304
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Figure 5. Prevalence of atopic dermatitis according to the presence of a household pet in Japanese
pediatric patients aged (a) 0.5 to <6 years; (b) 6 to <12 years; (c) 12 to <18 years. AD, atopic dermatitis.

4. Discussion

In this Japanese pediatric population of the EPI-CARE study, 10.7% of patients had
been diagnosed with AD within the last 12 months [19]. According to the POEM tool, the
majority of those with diagnosed AD had a clear/mild disease (63.2%), while 32.4% and
4.4% had moderate or severe AD, respectively [19].

In the current analysis, the DFI questionnaire showed that family QoL decreased as the
severity of their child’s AD increased. The mean DFI scores ranged from 2.35-3.98 across
age groups in patients with clear/mild AD, from 5.86-7.52 in those with moderate AD,
and from 9.36-14.47 in those with severe AD. In patients with clear/mild, or moderate AD,
mean DFI scores were numerically higher for families with children aged <6 years than for
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families with older children. When the individual DFI domains were evaluated, disease
severity appeared to have the greatest impact on the ‘sleep of family” and ‘tiredness” among
families with children aged <6 years or 6 to <12 years.

These results are consistent with those of an international web survey [10] and the
Avon Longitudinal Study of Parents and Children (ALSPAC) study in the UK [25]. In the
international web survey (n = 235), parental sleep disturbance and fatigue both increased
as the child’s AD severity increased [10]. Similarly, the ALSPAC study, which included
11,649 mother—child pairs, showed that mothers of children with mild, moderate, or severe
AD had difficulty falling asleep, subjectively insufficient sleep, and daytime exhaustion
during the first 11 years of their child’s life [25]. In Japanese families, young children
and their parents often sleep in the same room, so parents will often experience sleep
disturbances if their child has sleeping difficulties due to AD symptoms.

The current analysis showed a marked decrease in family QoL among children aged
6 to <12 years with severe AD, most likely because parents are solely responsible for
managing skin care in this age group. Our results also showed that the burden on parents
and families is greater in children aged <6 years than in those aged 6 to <12 years or 12 to
<18 years for mild or moderate AD. This may be because younger children with AD are
less able to cope with their symptoms and require more care from their parents/caregivers
than older children or adolescents.

The time spent by parents caring for their children with AD in the past week increased
in proportion to disease severity in children aged >6 years, being more than threefold
higher for parents with children/adolescents with severe AD than for those with moderate
AD. In children aged <6 years, parents spent an average of at least 4.6 h per week caring
for their children, even those with mild symptoms. The increase in the time required to
care for children aged >6 years was associated with an increase in the number of workdays
missed by parents for AD-related issues in the past month, particularly when their child
had severe AD. The increase in work absences may be caused by the child being absent
from school. These findings are in line with those of a cross-sectional United States study
that included 3132 children with AD and found a two-fold higher likelihood of chronic
school absenteeism (i.e., >15 days missed per year) among children with severe AD versus
mild-to-moderate AD. The same study found a significantly higher number of workdays
missed among both fathers (p = 0.03) and mothers (p < 0.0001) of children with AD [26].

Among patients with ‘diagnosed AD,” most (89.1%) had a family history of AD, hay
fever, or asthma. The proportion of patients with a family history of allergic conditions
was >80% across all age groups and all disease severity classifications, suggesting that a
family history of allergies plays a role in the development of AD at any age, regardless of
disease severity. This is consistent with the concept of atopic diathesis, whereby atopic
diseases such as AD, asthma, and allergic rhinitis are genetically linked [4]. Data from the
ALSPAC study indicated that a parental history of AD was a strong predictor of AD in
their offspring, although a history of asthma or hay fever alone was only associated with
childhood AD if both parents had these conditions [16]. In the Japan Environment and
Children’s Study, the lifetime prevalence of parental AD was 15.7% among mothers and
11.2% among fathers [27].

A correlation between second-hand smoke exposure, AD development, and AD
severity has been observed in several studies, including a meta-analysis [17], Japanese
studies [28-30], and studies from other countries [31-33]. In a Japanese survey of 4466 ado-
lescents aged 13-14 years, household smoking was an important modifiable risk factor for
AD disease severity [29]. In a cross-sectional Japanese study of 1177 parent—infant pairs,
fetal smoke exposure after 28 weeks gestation was associated with significantly higher ad-
justed odds of AD syndrome in infants aged >6 months compared with unexposed infants
(adjusted odds ratio (aOR), 5.21; 95% confidence interval (CI), 1.08-25.15; p = 0.020) [28].
Similarly, a Japanese prospective pre-birth cohort study of 1354 mother—child pairs showed
higher adjusted odds of physician-diagnosed AD in children with prenatal smoking expo-
sure compared with no prenatal smoking exposure (aOR, 7.11; 95% CI, 1.43-27.8). However,
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there was no association between perinatal smoking exposure and AD defined according to
ISAAC criteria [30]. In a meta-analysis of 86 studies from 39 countries, second-hand smoke
exposure was associated with increased odds of AD in children aged <18 years (OR, 1.18;
95% CI, 1.01-1.38), but the odds of AD in childhood were not significantly increased with
maternal smoking exposure during pregnancy [17]. The findings of the current analysis
were generally in line with previous studies, with an increased prevalence of ‘reported AD,’
‘physician-diagnosed AD,” and ‘diagnosed AD” among children or adolescents living with
a current or occasional smoker compared with those living in a non-smoking household.
However, statistical significance testing and logistic regression analyses were not conducted.
In contrast, the Osaka Maternal and Child Health Study in 865 Japanese parent—child pairs
showed that maternal smoking was not related to an increased risk of suspected AD [34].

Randomized studies on the association between household pets and pediatric AD
are difficult to conduct, and data from observational studies are conflicting. A previous
study of 3864 school children has shown a statistical association between having a pet
rabbit and severe AD (adjusted prevalence ratio (aPR), 1.94; 95% CI, 1.02-3.71) or study-
defined current AD (defined as physician-diagnosed AD and/or ever having a recurrent
itchy rash for >6 months and having a current itchy flexural rash; aPR, 1.45; 95% ClI,
1.07-1.20), and between having a pet cat and physician-diagnosed AD (aPR, 1.25; 95%
CI, 1.03-1.50). In contrast, having a pet dog was not statistically associated with AD
symptoms [18]. Alternatively, the Osaka Maternal and Child Health study found that
exposure to indoor domestic pets (i.e., dogs, cats, birds, or hamsters) during pregnancy
was not statistically associated with AD in 865 infants (aOR, 1.15; 95% CI, 0.55-2.25) [34].
Another Japanese study, which surveyed 35,242 schoolchildren aged 6 years, reported
that cat ownership was associated with a significantly lower prevalence of AD (aOR, 0.79;
95% CI, 0.67-0.93) [35]. In the current analysis, AD prevalence appeared to be higher
among children or adolescents who lived with a household pet than in those without
pets, although there was no association between household pets and disease severity. The
Japanese guidelines for AD recommend avoiding pets in households with individuals who
test positive for specific immunoglobulin E antibodies in animals (e.g., dogs, cats, other
mammals, birds, and hamsters) [36].

The apparent increase in AD prevalence with second-hand smoke exposure and
household pets in the current study is consistent with the concept of the exposome, whereby
environmental exposure to various factors leads to disruption of the epithelial skin and
mucosal barriers and subsequent development of atopic diseases such as AD, allergic
rhinitis, food allergies, chronic rhinosinusitis, and asthma [5-9]. In this context, aryl
hydrocarbon receptor (AhR) signaling pathways are thought to be involved in regulating
skin homeostasis in response to environmental exposure, which may have therapeutic
implications for the pharmacologic management of AD [37,38].

The limitations of this study include its retrospective design, the small number of
individuals with severe AD and the lack of long-term follow-up, sampling and nonresponse
bias, potential recall bias due to the survey being completed by the parents of children aged
<12 years or by adolescents aged 12 to <18 years, and the lack of statistical significance or
regression analyses. In addition, the data were collected from Japanese patients only, which
may limit the generalizability of these results to other ethnicities. However, the strengths
of this study include the collection of country-specific representative data and the use of
ISAAC criteria to identify individuals with reported or diagnosed AD, which allows for a
consistent method of evaluating AD prevalence.

5. Conclusions

In conclusion, this population-based study of Japanese children and adolescents
showed that AD had a negative impact on family QoL, especially the sleep of family
members, tiredness, and the time spent caring for the child, which increased with increasing
disease severity. A family history of allergic conditions was present in >80% of children or
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adolescents with AD, and the prevalence of AD in the past 12 months appeared to be higher
among children exposed to second-hand smoke and in those living with a household pet.
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