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Purpose: Whether obesity is a risk factor for atopic dermatitis (AD) remains unclear. The aim of the present study was to investigate the associa-
tion between obesity and AD in Korean young adults. Methods: We included nationally representative data of 5,202 Korean adults aged 19-40
years, obtained from the cross-sectional Korea National Health and Nutrition Examination Survey 2008-2010. Results: Single (unmarried) status
was more frequently observed in AD patients (male, [P=0.0002] and female, [P<0.0001]). AD prevalence exhibited a U-shape trend in relation to
body mass index (BMI), waist circumference (WC), and total body fat (BF) percentage, especially in young adult women. Women with BMI =25 kg/
m?, WC =80 cm, and highest quartile (Q4) of total BF percentage had the highest prevalence of AD. The odds ratio (OR) for participants with both
BMI =25 kg/m? and WC =80 cm was 3.29 (95% confidence interval [CI] 1.71-3.55); therefore, having both general and abdominal obesity was
considered a prominent risk factor for AD in young women. After adjustment for confounding factors, including age, smoking, alcohol drinking, exer-
cise, vitamin D, income level, and single status, high BMI (=30 kg/m?) (0R=4.08, 95% Cl: 1.53-10.93), high WC (=80 cm) (0R=2.05, 95% Cl: 1.07-
3.94), and high BF percentage (Q4) (OR=2.10, 95% Cl: 1.24-3.57) were shown to be significantly associated with AD in young adult women. Con-
clusions: In this large-scale nation-wide study of Korean adults, obesity was positively related to the presence of AD in women. Our findings sug-
gest that weight management may help prevent AD.
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INTRODUCTION

Atopic dermatitis (AD) is a pruritic chronic inflammatory skin
disease. The prevalence of AD is gradually increasing in many
countries, and the management of AD is a significant burden
on patients as well as families." Risk factors for AD exacerba-
tion have been identified as food and inhalant allergens, as well
as stress. Identification and elimination of worsening factors
are important for prevention and treatment of AD.*

Obesity has become more prevalent worldwide.>® Many
chronic diseases, such as type 2 diabetes, cardiovascular, and
renal diseases, are associated with obesity.”® Moreover, it has
been reported that an increase in weight affect the develop-
ment and clinical manifestations of asthma.’ However, contro-
versies remain about the link between obesity and AD.' Some
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studies have shown that obesity is related to AD,*'""* whereas
others revealed no relation between the 2 factors."** In addi-
tion, the association between body fat (BF) composition or ab-
dominal obesity and AD remains unclear. Thus, whether or not
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obesity is a risk factor for AD remains inconclusive. As the num-
ber of participants involved in previous studies was small, it was
not sufficient to accurately investigate whether a relation be-
tween obesity and AD exists. In the present study, we examined
the association between obesity and AD by analyzing large-
scale population-based data from the Korea National Health
and Nutrition Examination Survey (KNHANES) 2008-2011.

MATERIALS AND METHODS

Data source and participants

We analyzed data from the KNHANES 2008-2010. The
KNHANES is a representative, population-based, health exam-
ination. It has been conducted with an annual rolling sampling
design that have included a complex, stratified, multistage
probability-cluster survey of a representative Korean popula-
tion sample aged 1 year and above since 1998."° The KNHANES
is organized by the Korean Ministry of Health and Welfare and
consists of a cross-sectional survey using physical examination,
health interview, and nutritional evaluation. It is conducted by
specially trained interviewers or examiners who are not provid-
ed with any prior information about the participants.'” The sur-
vey results are weighted to represent the non-institutionalized
population nationally as well as in each province. A detailed de-
scription of the plan and operation of the survey is available on
the KNHANES website (http://knhanes.cdc.go.kr/).

Overall, 9,308 (74.30%) of 12,528 subjects, 10,078 (79.22%) of
12,722 subjects, and 8,473 (77.46%) of 10,938 subjects partici-
pated in the KNHANES 2008, 2009, and 2010, respectively. In
the present analysis, we limited the study population to adults
aged 19-40 years. This study excluded individuals whose AD
status was unclear or for whom the parameters necessary for
analysis were insufficient, such as age, body mass index (BMI),
waist circumference (WC), and total BE Finally, data from 5,202
subjects were analyzed in the present study. Each participant
provided written informed consent, and the study protocol was
approved by the Institutional Review Board of the Korea Cen-
ters for Disease Control and Prevention. The present study was
also approved by the Institutional Review Board of The Catho-
lic University of Korea (approved No. KC15EASI0101).

Measurements

All participants were asked about their demographic vari-
ables, socioeconomic characteristics, and medical history. We
examined the prevalence of AD based on the KNHANES survey
question “Have you ever been diagnosed as having AD by a
physician?” On the basis of the answer to the question, we di-
vided the participants into 2 categories: the AD and non-AD
groups. We also determined the prevalence of asthma based on
whether or not a doctor or other health professionals had ever
told the participants they had asthma.

Smoking status, alcohol consumption, and physical activity
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were assessed via a self-reported questionnaire. Smoking status
was categorized into 2 groups: current smokers and nonsmok-
ers. The amount of pure alcohol consumed (g/day) was calcu-
lated using the average number of alcoholic beverages con-
sumed and the frequency of alcohol consumption. Subjects
who drank =30 g/day were classified as heavy drinkers. Physi-
cal activity was defined using the International Physical Activity
Questionnaire (IPAQ)." The regular exercise group included
subjects who exercised for at least 20 minutes at a time, at least
3 times a week.

Participants were grouped by region of residence as follows:
urban (Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, Ul-
san, and Gyeonggi-do) or rural (Gangwon-do, Chungcheong-
buk-do, Chungcheongnam-do, Jeollabuk-do, Jeollanam-do,
Gyeongsangbuk-do, Gyeongsangnam-do, and Jeju-do).

Household income was adjusted for the number of family
members and was divided in terms of quartiles. We defined
participants with “low income” as those whose household in-
come fell into the lowest quartile.

Physical examinations were performed by skilled staff mem-
bers, in accordance with standard procedures. Subjects wore
light clothing without shoes, and with jewelry and other items
removed during weighing and measuring, which were mea-
sured to the nearest 0.1 kg using an electronic scale (GL-6000-
20; G-tech, Seoul, Korea; maximum 200 kg) and 0.1 cm with a
portable stadiometer (Seca 225; Seca, Hamburg, Germany; max
230 cm), respectively. WC was measured during exhalation to
the nearest 0.1 cm at the midpoint between the lower border of
the rib cage and the highest point of the iliac crest, using a mea-
suring tape (Seca 200; Seca). We calculated BMI as weight (kg)
divided by the square of the height (m). Based on these results,
we defined obesity as a BMI of =25 kg/m*'** The cutoff values
for abdominal obesity were defined as a WC =90 cm for men
and a WC=80 cm for women.” We divided subjects into the
following 4 groups: the non-obese/normal, non-obese/high,
obese/normal, and obese/high WC groups.

Body composition was analyzed with the dual-energy x-ray
absorptiometry (DXA) method (QDR 4500A; Hologic Inc.,
Waltham, MA, USA; maximum weight, 204 kg). DXA calibra-
tions were maintained through an internal referencing system,
which periodically measures bone-and soft tissue-equivalent
reference standards during the examination of the participants.
The KNHANES data sets include whole-body DXA measure-
ments of fat mass (g), muscle mass including bone mineral
content (g), and percentage fat (fat mass/total mass<100).*
Data were also collected for a number of predefined anatomi-
cal regions, including the arms, legs, trunk, pelvic area, and
whole body. Arm fat was defined as the sum of fat mass in both
arms, and leg fat as the sum of fat mass in both legs. The trunk
comprised the right and left ribs, thoracic and lumbar spines,
and pelvic area. Using the DXA data, subjects were divided into
4 groups based on the quartiles of total BF percentage.
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Statistical analysis

To take into account the complex sampling design using the
KNHANES sampling weights, and to provide nationally repre-
sentative prevalence estimates, statistical analyses were per-
formed using the SAS survey procedure (version 9.2; SAS Insti-
tute, Inc., Cary, NC, USA). In order to minimize the effect of
variations between survey years, all analyses performed in this
study were adjusted for survey year. Participant characteristics
were described using means and standard error (SE) or as pro-
portions. The general and clinical characteristics of the partici-
pants with and without AD were compared using Student’s
ttest and the chi-squared test. Multiple logistic regression anal-
yses (including age, smoking, drinking, exercise, vitamin D, and
WC) were used to examine the association of BMI, WC, and BF
with the prevalence of AD. First, as the prevalence of AD de-
creases with age, age was considered a confounding factor. In
addition, AD in adults is more likely to be associated with life-
style factors such as smoking, alcohol consumption, and low
level of physical activities.”® Obesity, a multifactorial disease,
also is known to be associated with smoking cessation, alcohol
drinking, and low physical activities.** Furthermore, according
to reports which draw attentions recently, AD in adults is linked
with low serum Vitamin D concentration in Korean.” Vitamin
D deficiency is also known to be related to obesity.” Therefore,
we considered age, smoking, drinking, exercise, vitamin D, in-

Relation Between Obesity and Atopic Dermatitis

come level as well as single status to be confounding factors.
Subgroups of participants were defined based on their level of
obesity, abdominal obesity (based on WC) and total BF per-
centage quartiles. The prevalence of AD and the odd ratios
(ORs) and 95% confidence intervals (CIs) were calculated
across subgroups. A Pvalue of <0.05 was considered statistical-
ly significant.

RESULTS

The mean age of subjects with AD was 27.31 £0.45 years, and
the mean BMI was 23.44 £0.28 kg/m”. The mean WC and total
BF percentage in participants with AD were 78.56 £0.69 cm
and 27.88+0.60%, respectively. A comparison of the clinical
characteristics between the AD and non-AD groups is shown in
Table 1. The prevalence of AD was similar in men (4.36%) and
in women (4.47%). Men with AD were younger, more likely to
be single, and have asthma compared to the non-AD group, but
no difference was noted in the anthropometric parameters.
Women with AD were younger, had higher total BF percentage
and trunk fat percentage, and had a lower income level. Single
(unmarried) status was significantly more frequent in patients
with AD compared to subjects without AD, in both male (P=
0.0002) and female (P<0.0001).

The prevalence of AD tended to decrease with age, while peo-
ple with obesity increased with age in both men and women

Table 1. Changes in self-efficacy scores before and after falling into income poverty, Australian population with asthma 2007

Male Female
Without AD With AD Without AD With AD
Pvalue Pvalue
2,152 98 2,830 132

Age (year) 299+02 275106 0.0001 300+0.2 271406 <0.0001
Body mass index (kg/m?) 240+0.1 238+04 0.7104 219401 225104 0.1886
Wiaist cirecumference (cm) 82.3+0.3 816+09 0.4381 731402 744410 0.7466
Total body fat mass (kg) 16.0+0.2 16.2+06 0.7080 18.0+0.1 192407 0.0740
Total body fat percentage (%) 21.7£0.2 223£05 0.2655 31.6+02 329+06 0.0335
Trunk fat percentage (%) 233+02 237407 0.5638 30.0+0.2 317407 0.0249
Leg fat percentage (%) 405+04 424+11 0.1112 704403 715%1.1 0.2768
Total muscle mass (kg) 53.0£0.2 52.2+0.7 0.2405 35.8+0.1 35.8+05 0.8489
Trunk muscle mass (kg) 254401 251404 0.4935 18.0+0.1 178403 0.6001
Leg muscle mass (kg) 17.7+0.1 17.3+03 0.1325 11400 11502 0.8801
Current smoker (yes), (%) 51.8(1.2) 436(5.4) 0.1374 8.6(0.7) 7.3(24) 0.6144
Heavy drinker (yes), (%) 17.9(0.9) 10.9(3.6) 0.1087 3.7(0.4) 6.3(2.3) 0.1686
Regular exercise (ves), (%) 286(1.2) 246(4.9) 0.4365 21.0(1.0) 22.3(4.6) 0.7619
Area of residence (Urban), (%) 86.3(1.7) 89.3(3.6) 0.4570 87.8(1.5) 90.6(2.8) 0.3789
Education level (=13 yr), (%) 459(1.3) 396(5.1) 0.2344 474(1.3) 54.2(4.3) 0.1241
Low house hold income 9.7(1.0) 10.3(3.4) 0.8654 8.4(0.8) 14.1(37) 0.0483
Spouse (yes), (%) 448(1.7) 26.2(4.5) 0.0002 55.6(1.5) 30.3(5.0) <0.0001
Asthma 2.8(0.4) 72(28) 0.0224 20(03) 45(22) 0.0955

Values are presented as mean =+ SE or percentage.
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(Fig. 1). Fig. 2 shows the prevalence of AD in subgroups accord-
ing to BMI, WC, and total BF percentage. In contrast to what
was observed in men (BMI P for trend=0.9066; WC P for
trend=0.5166; total BF percentage P for trend=0.1342), the
prevalence of AD in women exhibited a U-shape trend in rela-
tion to BMI (P for trend=0.0066), WC (P for trend=0.0852), and
total BF percentage (P for trend=0.0452), respectively. The
most obese women, those with a BMI =30 kg/m? had the
highest prevalence of AD and women in the lowest BMI group
(<18.5 kg/m?) showed the second highest prevalence of AD.
Similarly, women with abdominal obesity (WC =80 cm) and
the highest quartile of BF percentage showed the highest prev-
alence of AD, followed by the lowest WC and BF groups.

In Table 2, by using multiple logistic regression analyses, we
calculated ORs and 95% Cls for AD according to BMI, WC, and
total BF percentage. BMI =23 but <25 kg/m?, total BF percent-
age Q2, and WC =85 but <90 for men or WC =75 but <80 cm
for women served as the reference group. Women who had a
BMI >30 kg/m?* were at the greatest risk for AD. In model 1, af-
ter adjusting for age, high BMI (=30 kg/m?), high WC (=80
cm), and the highest quartile of total BF percentage (Q4) was
significantly associated with AD in women. For obese women
(BMI =30 kg/m?), the OR was 4.38 (95% CI, 1.69-11.34); for ab-
dominal obese women (WC =80 cm), the OR was 2.12 (95% CI,
1.11-4.03); for high total BF percentage (Q4, the highest quar-
tile), the OR was 2.12 (95% CI, 1.24-3.61). These associations
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4

Fig. 2. A comparison of the correlation between atopic dermatitis (AD) prevalence and body compositions (body mass Index (BMI), waist circumference (WC), and to-

tal body fat (BF) percentage) according to gender and age (*Pfor trend <0.05).
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Table 2. Association between BMI, WC, total BF percentage, and atopic dermatitis (AD)

Model 1 Model 2 Model 3
Male P Female P Male P Female P Male P Female P
BMI (kg/m?) 0.9241 0.0095 0.8106 0.0182 0.7644 0.0994
-18.5 0.88 161 0.77 1.57 0.63 147
(0.27,2.84) (0.75, 3.46) (0.24,2.52) (0.72,3.46) (0.14,2.87) (0.63,3.42)
18.5-23 1.01 129 0.92 127 0.84 1.239
(0.51,1.98) (0.70,2.39) (0.46,1.82) (0.69, 2.36) (0.39,1.83) (0.66,2.34)
23-25 1 1 1 1 1 1
25-30 1.26 198 127 2.00 140 2.06
(0.63,2.50) (0.96,4.09) (0.65,2.51) (0.96,4.14) (0.68,2.90) (0.97,4.35)
30- 0.95 438 0.88 4.08 1.15 4.46
(0.31,2.88) (1.69,11.34) (0.28,2.76) (1.53,10.93) (0.24,5.44) (1.29,15.46)
WC (cm) 0.585 0.0297 0.4491 0.028
Male -85; 0.73 1.19 0.67 1.10
female -75 (0.39,1.35) (0.70,2.01) (0.36, 1.50) (0.64,1.89)
Male 80-90; 1 1 1 1
female 75-80
Male 90-; 0.74 2.12 0.73 2.05
female 80- (0.36,1.52) (1.11,4.03) (0.36,1.50) (1.07,3.94)
Total BF percentage 0.1803 0.1935 0.1935 0.0536 0.1465 0.149
Q1 0.49 1.37 047 1.46 043 1.49
(0.25,0.97) (0.78,2.42) (0.23,0.96) (0.83,2.56) (0.21,0.90) (0.83,2.65)
Q2 1 1 1 1 1 1
Q3 0.85 142 0.84 1.46 0.89 143
(0.45,1.63) (0.80,2.53) (0.44,1.63) (0.82,2.61) (0.46, 1.74) (0.79,257)
Q4 097 2.12 091 2.10 1.05 1.94
(0.54,1.73) (1.24,361) (0.50, 1.64) (1.24,357) (0.49,2.25) (1.09, 3.48)

We divided the groups into four categories (Q1 to Q4) based on KNHANES total BF percentage data, ranging from the lowest quartile group to the highest quartile
group, respectively. Values were generated using a multiple linear regression analysis after adjusting for age (model 1); age, smoking, drinking, exercise, vitamin D,
income level, and single status (model 2); age, smoking, drinking, exercise, vitamin D, income level, single status, and WC (model 3).

BMI, body mass index; WC, waist circumference; BF, body fat.
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Fig. 3. Odds ratio for atopic dermatitis (AD) in subgroups based on body mass index (BMI) and waist circumference (WC). The error bars represent 95% confidence
intervals. Obesity was defined as BMI =25 kg/m?. Abdominal obesity was defined as WC =90 in men, and =80 in women, respectively.

(BMI =25 kg/m” in men and women) and abdominal obesity
status (WC =90 cm in men and =80 cm in women). Women
with general obesity (BMI =25 kg/m?), particularly those with
abdominal obesity (WC =80 cm) had a significantly higher

were not attenuated after adjusting for age, smoking, alcohol
drinking, exercise, vitamin D levels, income level, or single sta-
tus (model 2). These findings were not observed in men.

Next, we classified subjects according to their general obesity
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propensity for AD than those without (P=0.0097). In contrast,
in men there was no significant association between obesity or
abdominal obesity and AD (P= 0.5668) (Fig. 3).

DISCUSSION

Based on the present cross-sectional study with a nationwide
sample of the Korean population, it is suggested that obesity,
including abdominal obesity, is related to AD in women, but
not in men. In addition, we observed the association between
AD and total BF percentage by measuring adiposity using DXA.

Obesity is a well-known risk factor for asthma.”” Until recently,
several reports have suggested a relation between obesity and
AD, although the conclusion has not been in agreement. Some
studies showed positive correlations®*** and others showed
no relation between obesity and AD.**'**"* In AD, different
manifestations are observed depending on the age group. AD
persisting into adulthood tends to be more severe with recur-
rent flare-up.* In a previous study, Visness ef al.*® observed that
childhood obesity is related to AD. Silverberg et al.* reported
that prolonged obesity in early childhood is one of the risk fac-
tors for developing AD in children. Yoo et al.*” showed that obe-
sity was linked to atopy in Korean adolescents. Previous studies
on the association between obesity and AD in adults were
scarce, and to our knowledge, there is only 1 study by Zhang
and Silverberg" reported that adults (over 18 years old) with
obesity (OR, 1.56; 95% CI, 1.24-1.95) have higher odds ratio of
AD. However, a correlation has not been found clearly between
obesity and AD in Korean adults.

In the present study, we confirmed that obesity was signifi-
cantly related to AD in young Korean adult women. Although
these data indicate a U-shaped association between obesity
and AD, AD is especially associated with high BMI, WC, and to-
tal BF percentage in Korean young women. Moreover, we
showed consistently results from general obesity (BMI), central
obesity (WC), and total BF percentage in AD women. Central
(abdominal) obesity (WC), as well as obesity (BMI), is an im-
portant risk factor for various disease conditions, including al-
lergic disease.” Silverberg et al.* recently reported the associa-
tion between central obesity (WC) and moderate to severe AD
in children (4-17 years). In asthma, the relation to central obesi-
ty has been reported in adults. We showed an association be-
tween AD and central obesity in young adult women. Interest-
ingly, general obesity (BMI =25 kg/m?*) with abdominal obesity
(WC =80 cm) showed synergistic effects in AD for women (odd
ratio 3.29). Furthermore, excess body fat, especially abdominal
body fat, has been known as a risk factor for development of
chronic diseases.”” DXA directly provides the information of
body adiposity.” In the present study, we demonstrated that
high total BF percentage from DXA is associated with AD in
young women.

The mechanism underlying the association between obesity
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and AD is still largely unknown. However, some mechanisms
have been proposed.?®****** One theory suggests that in obese
individuals, altered leptin activity can lead to an immune im-
balance, including altered leukocyte distribution and function,
as well as activation and trafficking.**" It also can induce pro-
inflammatory immune responses.”*>*** In addition, leptin ac-
tivates macrophages and macrophage-derived cytokines in
obese people.” Another study showed that obesity can also al-
ter the profile of other adipokines® and may contribute to the
pathogenesis of AD. Moreover, obesity often results in an in-
crease in various cytokines, such as tumor necrosis factor alpha
(TNF-a), IL-6, and IL-2.°>** Some studies showed an increased
concentration of Th2 cytokines such as IL-4 and IL-13 in obese
asthmatics, which may play a role in the interaction between
obesity and bronchial asthma.> Obesity can induce continuous
inflammation leading to elevations in C-reactive protein (CRP),
inflammatory cytokines, and leptin.""**"” CRP, an inflamma-
tory maker, is also a potential contributor to the pathogenesis of
AD in obese people.

In the present study, gender differences in the relation be-
tween obesity and AD were demonstrated for the first time. In
young women participants, there is a strong association be-
tween obesity and AD, which differs from the results of previ-
ous studies. This difference may be because of the differences
in total BF percentage between women and men participants
which can affect the relation of obesity to AD. Generally, wom-
en have a higher total BF percentage than men.” Previous stud-
ies have shown high systemic leptin levels, low systemic adipo-
nectin levels, and increased TNF-o concentrations especially in
women.”*® Estrogen is produced by the adipose tissue, and
therefore differences in estrogen levels may explain the stron-
ger association in women who are obese compared to men. In
obese people, estrogen levels are elevated. Estrogen leads to eo-
sinophilic granulation and eosinophilic adhesion to human
mucosal cells. Estrogen may enhance leukocyte survival and
may also contribute to an increase in chronic inflammation in
obese people.®®

The strengths of the present study are as follows. First, we an-
alyzed a nationally representative large sized sample from
KNHANES data. Second, this data was adjusted for confound-
ing factors in the statistical models. Moreover, we included BF
measured by the DXA method as an independent variable
along with BMI and WC. However, there were some limitations
in the present study. As the KNHANES was based on the self-
reported questionnaire, recall bias may have occurred. Also,
being a cross-sectional study, a causal relation between AD and
obesity could not be confirmed. Therefore, whether AD thera-
py such as glucocorticoid use contributed to obesity remains
unclear.

In conclusion, the present study provides evidence of a rela-
tion between obesity and AD in Korean young adult women
based on the nationally representative data. In particular, high
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BM]I, large WC, and high total BF percentage are potential risk
factors for AD in young females. Therefore, controlling weight
may alleviate AD symptoms in this population. Nonetheless, it
remains to be seen whether weight management can improve
AD in other populations, such as children and men. Therefore,
prospective studies are necessary to assess relationships be-
tween obesity and the development and manifestations of AD.
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