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Background: Several epidemiological studies have shown
that the atopic tendency increases in the obese population.
Objective: The aim of this study was to confirm the effect of
weight reduction on improvement of atopic dermatitis (AD)
symptoms and to investigate the relationship between AD se-
verity and the level of serum adipokines. Methods: Forty sub-
jects who were AD outpatients were recruited for this study.
Obese patients were divided into a weight maintenance
group and weight reduction group. During the study period,
patient information was collected that included measured
body mass index (BMI), Eczema Area and Severity Index
(EASI), and visual analogue scale for pruritus. Adiponectin,
leptin, eosinophil count, and total immunoglobulin E were
also tested. Results: In the weight reduction group, there was
a significant improvement in the EASI score, however, no sig-
nificant improvement was determined in the weight main-
tenance group. BMI and EASI showed positive correlation.
The adiponectin level was lower in AD patients compared to
healthy controls, and it was significantly lower in obese pa-
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tients compared with normal weight patients. Serum levels of
leptin were significantly different among control, obese pa-
tient group, and normal weight patient group. There was no
statistically significant relationship between serum adipo-
kine level and EASI. Conclusion: In our study, weight reduc-
tion was associated with significant improvement of AD
symptoms. Related adipokine levels were significantly differ-
ent among the control, normal weight AD patient group, and
obese AD patient group. (Ann Dermatol 32(4) 319~ 326,
2020)
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INTRODUCTION

Atopic dermatitis (AD) is a recurrent, chronic, and pruritic
inflammatory skin disorder featuring skin dryness'. The
prevalence of AD has increased over the last few decades
especially in industrialized countries®®. Obesity has also
increased over recent decades. Obesity is known to cause
low-grade systemic inflammation and the underlying con-
ditions for many related morbidities including type 2 dia-
betes, cancer, and cardiovascular diseases’. Previous re-
searchers have proposed an association between obesity
and AD. However, the results of these studies were lim-
ited and not consistent™®. Moreover, most studies regard-
ing the relationship between obesity and AD have been
observational and epidemiologic research.

Although the underlying mechanism of association be-
tween obesity and AD remains obscure, possible roles for
adipokines have been suggested. Leptin and adiponectin
are the best defined adipokines. Leptin is a proinflamma-
tory adipokine that arises though stimulation of a T-helper
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(Th) 1 related response’. Generally, adiponectin is regard-
ed as an anti-inflammatory mediator. Previous investiga-
tors have shown that adiponectin reduces the production
of inflammatory cytokines such as interleukin (IL)-6 and tu-
mor necrosis factor (TNF)-@®. Among the chronic in-
flammatory skin diseases, psoriasis has a well-known rela-
tion with obesity and the correlation between adipokines
and clinical severity or response to therapy has been dem-
onstrated in patients with psoriasis”'®. However, the num-
ber of studies showing roles for adipokines in AD is limi-
ted.

Therefore, we aimed to confirm the therapeutic effect of
weight loss for AD by conducting a prospective random-
ized controlled study. To determine the detailed mecha-
nism for the association between obesity and AD, the se-
rum levels of adipokines was also examined.

MATERIALS AND METHODS
Subjects and ethics

Forty AD outpatients (=18 years) who visited the Depart-
ment of Dermatology at Hallym University Kangnam
Sacred Heart Hospital in Seoul, Korea from April 2016 to
May 2018 were enrolled in this study. AD was diagnosed
based on the criteria of Hanifin et al."" by dermatologists.
Patients with other uncontrolled accompanying systemic
diseases and other dermatologic disorders, as well as preg-
nant or nursing women were excluded. Healthy volun-
teers were also enrolled as controls. The study was ap-
proved by the Ethics Committee of Hallym University
Kangnam Sacred Heart Hospital (IRB no.2015-12-150).
Written consent forms were signed by the patients volun-
teering to participate in the study.

Study design

Normal weight AD patients (n=20) and obese (body mass
index [BMI] of 25 kg/m2 or higher) AD patients (n=20)
were enrolled in this study. Obese patients were randomly
assigned to 12 weight maintenance groups and 8 weight
reduction groups by table of random numbers. The weight
reduction group received collaborative care for weight
loss with the department of family medicine for 3 months,
and the weight maintenance group did not receive collab-
orative care for weight loss. The subjects in both groups
came in for an initial visit (week 0) and follow-up visits
(weeks 1, 2, 4, 8, and 12). Under the collaborative care of
the Department of Family Medicine, the weight reduction
group was advised to lose weight and to this end, physical
examination and history taking were repeated, and pro-
fessional consultation was provided regarding weight loss.
For the duration of the clinical study, the subjects had to
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maintain their exercise regimen. The regimen involved
aerobic exercise, such as walking, three times per week
for one hour. Patients were also recommended to follow a
low-calorie diet. Furthermore, the dosage and types of
medication for treating AD could be reduced but not
increased. If a patient had to inevitably increase the dos-
age or the number of medications to control AD symp-
toms, that subject was excluded from the study. Subjects
were allowed to apply moderate topical steroids and top-
ical calcineurin inhibitors, and the emollients were main-
tained only for previously used.

Specific assessments

A. BMI measurement

At the baseline, and at week 1, 2, 4, 8, and 12, the BMI
was calculated for each subject according to body weight
(kg) / upright height (m).

B. Severity of AD (Eczema Area and Severity Index, EASI)
At the baseline, and at week 1, 2, 4, 8, and 12, the se-
verity of AD was assessed according to the EASI score by
dermatologists''.

C. Pruritus for visual analog scale (VAS)

At the baseline, and at week 1, 2, 4, 8, and 12, pruritus
was evaluated by the subjects using the VAS. The patients
were asked to indicate the level of pruritus they experi-
enced for a week on a 10 cm line, with the left end being
“none” and the right end being “most extreme”. The in-
dication was then converted to a score on a scale from 0
(none) to 10 (very severe).

Serum total immunoglobulin E, eosinophil count,
leptin, and adiponectin measurements

Blood sampling was performed at baseline visit. The fast-
ing blood samples were collected in the morning between
7 AM and 9 AM following an overnight fast. Serum total
immunoglobulin E (IgE) levels were measured using the
paper radioimmunosorbent test (PRIST) kit (Behring, Marbug,
Germany) according to the manufacturer instructions. Blood
eosinophils were measured as part of the complete blood
count plus differential, and these samples were analyzed
at the local laboratory of Hallym University Kangnam
Sacred Heart Hospital (Seoul, Korea). The serum concen-
trations of the target proteins were measured using en-
zyme-linked immunosorbent assays (ELISA) kits. Serum
samples were diluted to 1:200 in assay diluent. ELISA
were used to determine the levels of human leptin (Abcam,
Cambridge, MA, USA) and human adiponectin (Abcam).
All protocols provided by the manufacturer were followed
for each ELISA kit.



Statistical analysis

Data analysis was performed using IBM SPSS Statistics ver.
24.0 (IBM Corp., Armonk, NY, USA). Data were presented
as a mean +standard deviation. Student’s t-test was per-
formed for comparisons between groups. The changes in
the EASI score was tested by performing Student’s t-test
and repeated-measures ANOVA. For leptin and adipo-
nectin, differences of statistical significance were identi-
fied in the average serum levels using ANOVA. Specifica-
tion of the patient groups that showed statistically sig-
nificant variances for the sample measured was achieved
using the Turkey post-hoc test. Correlations were calcu-
lated using the Pearson’s correlation test or Spearman
rank-order correlation. For all tests, p-values <0.05 were
considered statistically significant.

RESULTS

Demographic and clinical features of subjects

Demographic and clinical characteristics at the baseline
are shown in Table 1. BMI and EASI were significantly
lower in normal weight patients than in obese patients (p
<0.001, p=0.003). There was no significant difference in
VAS for pruritus, eosinophil count, and total IgE between
normal weight patients and obese patients.

The mean age was significantly older (p=0.022) in the
weight maintenance group (42.42+15.70) than in the
weight reduction group (26.25+11.11). There was no sig-
nificant difference between the two groups in BMI, VAS
for pruritus, eosinophil count, and total IgE. Thymus and
activaton-regulated chemokine (TARC) in atopic dermatitis
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of the normal weight group was higher than the obese
group, and the TARC of the weight maintenance group
was slightly higher than the weight reduction group.

Weight reduction decreased EASI score in obese AD
patients

Of the enrolled obese patients, two and five patients were
followed-up loss in the weight maintenance group and the
weight reduction group, respectively. For each group
(obese and normal weight) 8 and 5 patients completed all
12 weeks of the program. When comparing conditions at
the baseline and last visit (week 12), the mean BMI de-
creased significantly from 29.37 to 24.42 in the weight re-
duction group (p=0.043), but there was no significant
change in the weight maintenance group (p=0.889) (Fig.
1). EASI scores showed a statistically significant decrease
in the weight reduction group (p=0.043), but there was
no statistically significant decrease in the weight main-
tenance group (p=0.183). Most of subjects remained on
antihistamines from the baseline visit to the end of the
study. All of the patients in the weight reduction group
were taking cyclosporine at the baseline, but at the end of
the study there was a decrease in the dose (two of them:
200 mg/d to 50 mg/d, one of them 100 mg/d to 50 mg/d,
one of them 100 mg/d to 25 mg/d) in four patients and
one patient stopped taking cyclosporine (50 mg/d at base-
line). Three of the weight maintenance patients were tak-
ing cyclosporine at the baseline. Two of them sustained
their dosages (100 mg/d and 25 mg/d) and one decreased
the dosage (100 mg/d to 25 mg/d) by the end of the study.

Table 1. Demographic data and clinical characteristics of patients at baseline visit

Characteristic Normal weight pvalue* Weight maintenance Weight reduction p-valueT
group (n=20) group (n=12) group (n=38)
Age (yn) 28.05+5.70 0.044 42.42+15.70 26.25+11.11 0.022
Sex 0.744 0.085
Male 8 (40.0) 6 (50.0) 1 (12.5)
Female 12 (60.0) 6 (50.0) 7 (87.5)
BMI at baseline 22.04+2.18 <0.001 27.234+2.03 30.73+5.40 0.054
(kg/m?)
EASI 8.9+5.72 0.003 16.64+9.25 15.59+7.71 0.793
VAS for pruritus 5.05+2.33 0.076 6.83+1.40 5.38+2.07 0.075
Eosinophil count 0.61+0.70 0.414 0.34+0.31 0.59J_r0.57T 0.262
(10% 1))
Total IgE (1U/ml) 932.11+1,147.725 0.374 1,580.23 +960.58 ' 1,185.4+1,180.68" 0.585
TARC 303.19+83.52 0.007 259.36+65.14 193.66+68.75 0.044

Values are presented as mean +standard deviation or number (%). BMI: body mass index, EASI: Eczema Area and Severity Index,
VAS: visual analogue scale, IgE: immunoglobulin E, TARC: thymus and activaton-regulated chemokine. *p-value between normal
weight group and obese group, Tp-value between weight maintenance group and weight loss group, Tn=10, Sn=16, 'n=4, 'n=7.
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Fig. 1. (A) Body mass index (BMI). (B) Eczema Area and Severity Index (EASI) at baseline and week 12 for weight reduction (WR)
and weight maintenance (WM) groups. Data was compared using the paired t-test (*p<0.05). Only the weight reduction group showed

significant BMI and EASI reduction.
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Fig. 2. (A) Serum leptin. (B) Adiponectin level of normal, normal weight, and obese patients. Serum leptin levels were significantly
different between groups. Serum adiponectin levels were significantly lower in atopic dermatitis (AD) patients than in normal controls,
and significantly lower in obese AD patients than in normal weight controls. HC: healthy control, NW: normal weight patients with

AD. ***p<0.001.

Serum adipokine levels were significantly different in
subjects with obese AD

Normal weight (n=20) and obese (n=20) AD patients
were selected for the ELISA test for serum adipokines. Six
normal weight healthy people (without AD) were exam-
ined by blood sampling. Serum leptin levels were sig-
nificantly different among the groups (Fig. 2A). Serum adi-
ponectin levels were significantly lower in AD patients
than in healthy normal weight subjects. It was also sig-
nificantly lower in obese AD patients than in normal
weight AD patients (Fig. 2B).

Association of serum adipokines with AD severity

Table 2 shows the correlation between the clinical values
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of BMI, EASI, and VAS, with the laboratory values of eosi-
nophil count and total IgE. There was a significant positive
correlation between clinical severity (EASI score) and VAS
score (r=0.486, p=0.001). BMI and EASI were also pos-
itively correlated (r=0.316, p=0.047). However, the oth-
er results were not correlated.

Table 3 shows the correlation between BMI, EASI, Igk,
and eosinophil count with leptin and adiponectin. A stat-
istically significant negative correlation was found be-
tween BMI and adiponectin (r=—0.373, p=0.018). IgE
and leptin were positively correlated (r=0.393, p=0.043),
but there was no statistical significance after control of
BMI. There was no significant correlation between the other
values. Overall, no significant correlations were observed
after controlling for BMI.



Table 2. Pearson’s correlation coefficient of each measured value

Weight Loss in Patients with Atopic Dermatitis

Calculated statistical value BMI EASI VAS EOS Total IgE

BMI

Pearson’s coefficient of correlation 1 0.316 0.266 —0.018 0.188

pvalue 0.047* 0.097 0.913 0.348

Number 40 40 40 38 27
EASI

Pearson’s coefficient of correlation 0.316 1 0.486 0.072 0.342

p-value 0.047%* 0.001* 0.667 0.081

Number 40 40 40 38 27
VAS

Pearson’s coefficient of correlation 0.266 0.486 1 —0.166 —0.033

p-value 0.097 0.001* 0.319 0.869

Number 40 40 40 38 27
EOS

Pearson’s coefficient of correlation —0.018 0.072 —0.166 1 0.096

p-value 0.913 0.667 0.319 0.635

Number 38 38 38 38 27
Total IgE

Pearson’s coefficient of correlation 0.188 0.342 —0.033 0.096 1

p-value 0.348 0.081 0.869 0.635

Number 27 27 27 27 27

BMI: body mass index, EASI: Eczema Area and Severity Index, VAS: visual analogue scale, EOS: eosinophil count, IgE: immunoglobulin

E. *p<0.05.

Table 3. Relationship between leptin or adiponectin and severity scoring of atopic dermatitis (EASI), total Igt, EQS, and BMI

Calculated statistical value BMI EASI IgE EOS EASIT lgEJr Eos”
Leptin
Pearson’s coefficient of 0.003 0.294 0.393 0.198 0.338 0.370 0.268
correlation
pvalue 0.987 0.066 0.043* 0.234 0.091 0.063 0.185
Number 40 40 27 38 40 27 38
Adiponectin
Pearson’s coefficient of —0.373* —0.041 —0.226 —0.038 —0.069 —0.157 0.054
correlation
p-value 0.018 0.801 0.257 0.822 0.737 0.444 0.793
Number 40 40 27 38 40 27 38

EASI: Eczema Area and Severity Index, IgE: immunoglobulin E, EOS: eosinophil count, BMI: body mass index. *p<0.05. TAdjusted

by BMI.

Serum adipokine level according to AD onset and
extrinsic or intrinsic AD

Table 4 shows the serum leptin or adiponectin level ac-
cording to the onset of disease and whether the AD was
extrinsic or intrinsic. We divided the onset of disease into
pre-adult onset (<18 vyears old) and adult-onset (>18
years old). Extrinsic AD was defined as elevated total IgE
among the patients who had a value of IgE. Patients with
adult-onset AD had a significantly higher serum adipo-

nectin level than those with pre-adult onset AD. There
were no significant differences of the serum leptin or adi-
ponectin level between extrinsic and intrinsic AD groups.

DISCUSSION

In this study we reported that the weight reduction in
obese AD patients reversed the AD symptoms. BMI and
AD severity showed positive correlation. Moreover, in our
study it was found that the serum levels of adiponectin

Vol. 32, No. 4, 2020 323



M] Jung, et al

Table 4. Differences in serum level of leptin and adiponectin according to AD onset and extrinsic or intrinsic AD

Calculated

o Pre-adult onset (n=28)
statistical value

Adult-onset (n=12)

Extrinsic AD (n=18) Intrinsic AD (n=4)

Leptin
Mean +SD

p-value
Adiponectin

Mean +SD

p-value

314.0+59.6
0.089

253.2+67.0
0.026*

347.7+45.9

306.2+64.4

332.5+56.5 303.8+50.3

0.362

284.6+60.6 297.2+84.1

0.729

The pre-adult-onset AD subgroup had onset of AD between birth and 18th year of life, and the adult-onset AD subgroup, including
the 18th year of life and after. It was adjusted by BMI. AD: atopic dermatitis, SD: standard deviation, BMI: body mass index. *p<0.05.

and leptin were significantly different among healthy con-
trol, normal weight AD group, and obese weight AD
group. A statistically significant negative correlation was
found between BMI and adiponectin level. However, no
associations were observed between serum adipokine lev-
els and AD severity.

The majority of recent studies found that obesity is pos-
itively associated with the prevalence of AD. A systematic
review and meta-analysis found that AD was related to
higher risk of obesity in children and adults®'?. In Korean
adulthood, Lee et al.”’, found a positive correlation be-
tween obesity and AD in women, but not in men. Obesity
increased the risk of AD in Korean children and adoles-
cents'*". However, several older studies did not find this
relationship'”". It is speculated that these results are in-
consistent because of differences in the diagnostic criteria
of AD, varying definitions of obesity, and regional differ-
ences in risk factors. Although most observational studies
showed positive relationships between obesity and AD,
there have been few studies regarding the impact of
weight reduction intervention on the AD outcome. To
confirm the effect of weight loss on the treatment of AD,
we conducted a randomized controlled study. This study
showed that weight reduction in obese AD patients de-
creased the severity of AD. All patients in the weight re-
duction group reduced their dosages of oral cyclosporine
by the end of the study. This could be explained by the
following hypothesis. The reductions might be a result of
increased drug distribution in the body as a consequence
of decreased body mass, or it could be affected by de-
creased proinflammatory cytokine release due to decrease
in the number of adipocytes.

The underlying mechanisms relating obesity and AD re-
main poorly understood. Obesity is regarded as a state of
low-grade systemic inflammation®. Adiponectin is a hor-
mone produced by visceral and subcutaneous adipocytes
and is secreted into the bloodstream. Associated with fat
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metabolism through adiponectin receptor types 1 and 2,
adiponectin is a major factor in regulating insulin sensiti-
vity. It has been reported that decrease in adiponectin is
closely related with obesity, insulin sensitivity, and meta-
bolic syndrome®'. Adiponectin is also involved in anti-in-
flammatory actions by reducing the manifestation of in-
flammatory cytokines such as IL-6 and TNF-«, and by in-
ducing the manifestation of anti-inflammatory cytokines
such as IL-10 and IL-1 receptor antagonist®. It has been re-
ported that decrease in adiponectin causes airway in-
flammation, resulting in the association of induced asth-
ma, which is a type of allergic march®. Jung et al.**
onstrated adiponectin-induced stimulation of lipid pro-
duction in sebocytes. In AD, sebocyte proliferation and se-
baceous gland activity are decreased, implying an associa-
tion between decreased sebum production and skin bar-
rier dysfunction””. A recent experimental study reported
that adiponectin suppressed the expression of inflammatory
mediators from keratinocytes and enhanced lipogenesis
ability and epidermal differentiation in an AD-like recon-
structed human epidermis model®.

Leptin is an adipokine widely used in research as a gauge
of obesity. Contrary to the response of adiponectin, leptin
has been known to escalate in obesity”’. Leptin induces
the activation of Th1 immunity and the secretion of in-
flammatory cytokines, such as TNF-a, IL-6, and 1L-12%%.
The positive correlation between levels of serum leptin
and asthma was reported in recent meta-analysis™’.

Data about the action of adiponectin and leptin in AD are
rare. Nagel et al.’" reported that low adiponectin levels
have been associated with increased prevalence of AD in
children. They found no clear associations for circulating
leptin concentration concerning AD prevalence, nor any
correlation between serum leptin levels and AD symptoms.
The result of Bostanci et al.’* was consistent with the study
of Nagel et al’'. Contrary to these studies, Kimata® found
that serum leptin level was elevated in AD children.

dem-



Another recent study found no significant differences in
leptin and adiponectin levels according to AD severity>*.
Our study demonstrated results similar to those in pre-
vious studies. In our study, the serum adiponectin level
was lower in AD patients compared to healthy controls,
and the serum leptin level was higher in the AD group
than in the controls. There were no associations between
serum adiponectin and leptin levels and AD severity.

Seo et al.” reported that serum leptin levels were higher
in extrinsic AD than in intrinsic AD. Han et al.** demon-
strated that serum adiponectin levels in extrinsic AD were
lower than in intrinsic AD. However, there were no sig-
nificant differences of the serum leptin or adiponectin lev-
el between extrinsic and intrinsic AD groups in our study.
In our previous study, obese patients with AD showed sig-
nificantly higher EASI scores in the pre-adult-onset adult
AD group, but not in the adult-onset adult AD group™.
Based on previous study, we evaluated the differences of
adipokine levels according to onset age. Interestingly,
obese patients with pre-adult-onset AD had a significantly
lower serum adiponectin level than those with adult-onset
AD.

The blood eosinophil count and serum IgE level have
been regarded as conventional biomarkers in AD. The lep-
tin level was positively correlated with serum IgE, but
there was no statistical significance after control of BMI.
There was no significant correlation between serum adi-
ponectin and the IgE or eosinophil count in this study.
Based on the results of previous studies and our present
study, we can assess the probability that increase in leptin
and decrease in adiponectin are associated with the in-
flammatory reaction of AD. However, there might be oth-
er factors besides adiponectin and leptin involved in the
mechanism of the beneficial effect of weight reduction for
AD outcome.

There are some limitations in this study. First, the study
was implemented using a small sample at a single health
center. Second, we did not compare adipokine level with
non-AD obesity individuals. Third, we could not check
abdominal obesity, such as waist circumference, waist-to-
height ratio, and waist-to-hip ratio. BMI cannot discrim-
inate between muscle mass and body fat, nor can it reflect
body fat distribution. Recently, abdominal obesity has come
to be regarded as a key factor in at least some aspects of
obesity-related health risks’’*®. Despite the limitations
mentioned above, to our knowledge, this is the first study
to demonstrate that weight loss can improve the symp-
toms of AD.

In summary, we have found that weight reduction inter-
vention had a positive AD outcome and that related adi-
pokine levels were significantly different among the con-

Weight Loss in Patients with Atopic Dermatitis

trol, normal weight AD patient group, and obese AD pa-
tient group. These results suggest that weight loss could
provide a safe and economical supplementary treatment
for AD. Additional larger-scale studies are needed to con-
firm this.
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