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The appropriate use of therapeutic moisturizers could reduce the need for more aggressive treatment in the management of atopic
dermatitis (AD). We conducted a randomized, side-by-side, single-blinded, comparative study in 41 mild to moderate AD
patients to compare a moisturizer and topical tacrolimus for restoring skin barrier function and managing AD. A moisturizer was
applied twice daily for 4 weeks to one side of the flexural areas (moisturizer group). Topical tacrolimus was applied on the other
side of the tested area (tacrolimus group). Biophysical skin parameters were measured at baseline, week 2, and week 4. Clinical
qualitative assessments were also conducted. Analysis of the trend from baseline to week 4 revealed that the hydration level was
significantly increased in both groups (p < 0.01, respectively). No biophysical parameters were significantly different between the
two groups. Differences in the modified Eczema Area and Severity Index scores between the baseline and week 4 were significantly
higher in the tacrolimus group than those in the moisturizer group (p =0.002). In the Investigator’s Global Assessment,
a significantly larger proportion of patients in the tacrolimus group showed clinical improvement than that in the moisturizer
group at week 4 (p = 0.027). Although topical tacrolimus was superior to the moisturizer in preventing the clinical exacerbation of
AD, the moisturizer was not inferior to topical tacrolimus in restoring skin barrier function. Therefore, moisturizer is considered
to play an essential role in maintenance therapy for AD. Physicians need to emphasize the benefits of moisturizers when educating
their patients.

1. Introduction

Atopic dermatitis (AD) is one of the most prevalent chronic
inflammatory skin diseases. It usually develops in childhood
and may persist into adulthood [1]. AD is usually charac-
terized by recurrent eczematous lesions with intense itching,
leading to excoriations, lichenification, and susceptibility to
cutaneous infections [2]. Skin barrier dysfunction plays
a critical role in the development of AD [3, 4]. Alterations in
the skin barrier can lead to the increased penetration of
environmental allergens and infective organisms that can
cause persistent inflammation [5].

The daily application of moisturizer has been proposed
to restore the skin barrier and constitutes the mainstay of

treatment for AD regardless of its severity [6, 7]. Data from
randomized controlled trials (RCTs) showed that moistur-
izers had long- and short-term steroid-sparing effects in
treating mild to moderate AD [8-10]. Moisturizers could
restore a defective skin barrier while decreasing exposure to
irritants and exerting anti-inflammatory and antimicrobial
effects [9, 11, 12].

Several RCTs have compared topical corticosteroids and
moisturizers in the management of AD [13]. However, to the
best of our knowledge, no studies have compared mois-
turizers and topical tacrolimus. Tacrolimus is a topical
calcineurin inhibitor, an anti-inflammatory, and steroid-
sparing agent, shown to be efficacious for the acute flares
and in maintenance therapy of AD [14]. Many guidelines
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recommend the use of topical tacrolimus for both the active
and proactive treatment of AD [14]. Proactive therapy with
topical tacrolimus could reduce the frequency of relapses
[15-17].

Therefore, the aim of this study was to compare the
effectiveness of a moisturizer with topical tacrolimus for
restoring skin barrier function and managing AD.

2. Patients and Methods

2.1. Trial Design. This study was a single-center, random-
ized, investigator-blinded, and side-by-side a comparative
clinical trial designed to determine the effectiveness of
a moisturizer and topical tacrolimus for treating mild to
moderate AD. This study was conducted at the outpatient
dermatology clinics at the Samsung Medical Center (SMC),
Seoul, Republic of Korea between January 2021 and June
2022. The study protocol was approved by the Institutional
Review Board (IRB) of SMC (IRB No. SMC 2020-08-148)
and registered with the World Health Organization Clinical
Research Information Service (https://cris.nih.go.kr/cris,
KCT0007962). All patients provided written informed
consent before the commencement of the study.

2.2. Study Participants. Eligible patients were 20-70 years of
age who met the clinical criteria for AD as defined by
Hanifin and Rajka [18] and had Eczema Area and Severity
Index (EASI) scores of <7 (mild) or 7-21 (moderate) [19]. To
be eligible for this side-by-side comparative study, all pa-
tients had to have symmetrically distributed lesions on the
flexural areas, such as the antecubital area or popliteal fossa.
Atopic dermatitis (AD) was diagnosed by a board-certified
dermatologist. The exclusion criteria included the following:
active states of other dermatitis or eczematous conditions,
skin infection requiring oral or topical antimicrobial ther-
apy, or previous treatment with oral or topical corticoste-
roids or immunosuppressants within the past four weeks.

2.3. Materials. The test cream used in this study was
BARRIEDERM LOTION MD® (Cell Fusion C, Seoul, Re-
public of Korea), which contained various components,
including a lipid mixture (Neo-CMS® formula) enriched by
ceramide NP and fatty acids (FAs) of diverse chain lengths.
Ceramide NP was synthesized by combining FAs of various
lengths (C16-C24) derived from four plant oils (moringa oil,
meadowfoam seed oil, macadamia oil, and shea butter oil)
and phytosphingosine from yeast (Pichia ciferrii) fermen-
tation [20-22]. The major components of the study cream
are listed in Table S1.

2.4. Treatment. In this side-by-side comparative study,
patients were randomly assigned to apply moisturizer either
on their right or left side and topical tacrolimus on the other
side. They were instructed by the dermatologist to apply the
moisturizer twice daily to one side of the flexural areas, such
as the antecubital area or popliteal fossa (moisturizer group),
for 4weeks. On the opposite side of the tested area, the
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patients applied moisturizer in the morning and 0.1% topical
tacrolimus (Protopic®, Fujisawa Healthcare, Inc. Deerfield,
IL, USA) in the evening to serve as a control (tacrolimus
group). There were a total of three visits: week 0 (baseline),
week 2, and week 4. At each visit, the patients underwent
clinical examinations and biophysical skin parameter
measurements with pictures taken of the tested areas. No
other moisturizers were allowed on the antecubital or
popliteal fossa during the study period. The amount of the
study cream used was assessed by recording the weight of the
returned containers at the end of the study period. Patients
were allowed to discontinue trial participation for any
reason at any time.

2.5. Clinical Assessment of AD Severity. AD disease’s severity
was assessed using the Investigator’s Global Assessment
(IGA) and the modified Eczema Area and Severity Index
(mEASTI). The IGA scores represent the evaluation of clinical
improvements at week 2 and week 4 compared to the
baseline (week 0). Three blinded dermatologists evaluated
the digital photographs using the following criteria: (1) much
worse; (2) worse; (3) no change; (4) improved; and (5) much
improved. The mEASI evaluations were measured out of the
tested areas only and were measured by the same derma-
tologists. The mEASI was defined as the sum of erythema,
induration/papulation, excoriation, and lichenification. The
average degree of the severity of each sign was assigned
a score from 0 to 3, where 0 was none, 1 was mild, 2 was
moderate, and 3 was severe.

2.6. Biophysical Skin Parameters. All biophysical skin pa-
rameter evaluations, including hydration, transepidermal
water loss (TEWL), erythema index (EI), and melanin index
(MI), were performed by a single technician at baseline,
week 2, and week 4. During the measurements, relative
humidity was controlled at 50 + 5% and the room temper-
ature was maintained at 21 + 1°C. Measurements were made
at the antecubital area or popliteal fossa, to which the
moisturizer or topical tacrolimus had been applied. Three
repetitive measurements were taken for each site, and the
mean value was used for the analyses. The participants were
instructed not to use the test moisturizer or topical tacro-
limus on the day of the visit to minimize any problems
during measurements. Skin hydration and TEWL were
measured using a DermaLab Combo® (Cortex Technology,
Hasund, Denmark). The MI and EI were measured using
a DSM III Colormeter® (Cortex Technology).

2.7. Sample Size Estimation and Statistical Analysis. A sample
size of 37 patients and 37 sites in each arm was sufficient to
detect a clinically important difference of 2.5 between groups
in improving TEWL, assuming a standard deviation of 5.24
using a paired t-test with 80% power and a two-sided 0.05
significance level. Adjusting for a possible drop-out rate of
15%, 43 patients per group were considered necessary.
Statistical analyses were executed using SAS, version 9.4
(SAS Institute Inc, Cary, NC, USA), and statistical software
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R, version 4.0.3. (R Foundation for Statistical Computing,
Vienna, Austria). The continuous data are expressed as the
mean =+ standard deviation (SD). The examined parameters
of mEASI, hydration, TEWL, MI, and EI were tested for
normal distribution, using the Shapiro-Wilk test. The
Wilcoxon signed-rank sum test was used to compare the
biophysical skin parameters and mEASI scores in each
treatment group before and after treatment. McNemar’s
Chi-square test was used to compare the IGA scores. The
statistical significance was considered for p values of less
than 0.05. The a-level was adjusted according to Bonferroni’s
modification to account for multiple testing issues.

3. Results

3.1. Patient Population. A total of 43 patients with mild to
moderate AD were recruited. Two of the enrolled patients
dropped out during the study period due to COVID-19
infection and loss of follow-up. The remaining 41 patients
completed the treatment protocol and all follow-up visits.
The study flow diagram is shown in Figure 1. The de-
mographic and other baseline characteristics of the patients
are described in Table 1. The patients had a mean (+SD) age
of 31.8 (+10.0) years. They were predominantly females
(56.1%, n=23). The mean (+SD) EASI scores at baseline
were 10.4 (£7.3). There were no significant differences in
mEASI scores and biophysical skin parameters between the
moisturizer and tacrolimus groups at baseline.

3.2. Clinical Assessments. The mean mEASI scores were
significantly decreased at week 2 compared to baseline in
both groups (p <0.0001, respectively) (Figures 2 and 3(a)).
Significant improvements in mEASI scores were sustained
through 4 weeks of treatment in both groups (Figure 3(a)).
The mEASI scores were not significantly different between
the two treatment sides at week 2. However, mEASI scores
were significantly different between the two groups at week 4
(p<0.01).

The proportion of patients who showed clinical im-
provements according to IGA scores was not significantly
different between the two groups at week 2 (Figure 4(a)).
However, at week 4, significantly more patients showed
clinical improvements in the tacrolimus group versus the
moisturizer group (p = 0.027, Figure 4(b)). The IGA exac-
erbation was not observed in the tacrolimus group at week 4,
whereas it was reported in 8 patients (19.5%) in the
moisturizer group.

3.3. Biophysical Skin Parameters. At baseline, no skin bio-
physical parameter in either group showed a statistically
significant difference (Figure 3). Skin hydration levels were
significantly increased at week 4 compared to baseline in the
moisturizer and the tacrolimus groups (p<0.001 and
P <0.01, respectively) (Figure 3(b)). At week 4, the TEWL
and MI values were decreased in both groups (Figures 3(c)
and 3(d)). The EI scores were increased in the tacrolimus
group but decreased in the moisturizer group (Figure 3(e)).
However, none of these changes were statistically significant.

There were no significant differences in biophysical skin
parameters between the two groups at baseline, week 2, or
week 4.

4. Discussion

In this study, the IGA and mEASI scores, as well as the
biophysical parameters, were assessed to objectively com-
pare a moisturizer with topical tacrolimus. The analysis of
the trend from baseline to week 4 revealed a decrease in
TEWL and the degree of hyperpigmentation in both groups.
The increase in erythema in the tacrolimus group is pre-
sumed to have been due to skin irritation after using topical
tacrolimus. The most common adverse events after the
application of topical tacrolimus are skin burning, including
a burning sensation, pain, erythema, and flushes [23]. On the
other side, to which moisturizer was applied, the degree of
erythema was decreased compared to the tacrolimus group.
Only skin hydration levels were significantly increased in the
moisturizer group compared to the tacrolimus group. The
mEASI scores were significantly decreased in both groups.
There was no significant difference between the tacrolimus
group and the moisturizer group in biophysical skin pa-
rameters, but there was a difference in the mEASI scores
between the two groups. Both groups showed similar pat-
terns of change over time in other biophysical skin pa-
rameters except erythema, suggesting similar effects in
maintaining skin barrier function in both groups. However,
the results of visual assessments (mEASI and IGA) showed
more clinical improvements in the tacrolimus group than in
the moisturizer group at week 4, indicating that it is difficult
to prevent the worsening of AD symptoms due to various
environmental stimuli with moisturizer alone.

The IGA scores at week 4 showed no exacerbation in the
tacrolimus group. However, 8 patients (19.5%) in the
moisturizer group showed exacerbations after moisturizer
application. The etiology of AD is multifactorial, with in-
teractions between genetics, immune, and environmental
factors [24]. Numerous environmental injuries to the skin
occurring throughout life may trigger or exacerbate AD [25].
Proactive topical tacrolimus therapy has been shown to be
effective in reducing the number of flares [26, 27]. Unlike
a topical tacrolimus, our data suggest that AD patients could
experience acute flares with only moisturizer treatment
without using anti-inflammatory agents.

As dry skin is an important disease feature of AD, skin
moisturization may constitute an integral part of standard
treatment [28]. Previous studies revealed that moisturizers
could hydrate the skin and alleviate the epidermal barrier
dysfunction in AD [29, 30]. A previous meta-analysis study
on childhood AD compared the effectiveness of moisturizers
and topical corticosteroids, and the authors concluded that
topical corticosteroids were more effective than moistur-
izers/vehicles [13]. According to two studies comparing
moisturizers and topical pimecrolimus, moisturizers were as
effective as topical pimecrolimus in improving AD [31, 32].
However, no comparative study has been conducted on
topical tacrolimus. Moreover, unlike corticosteroids, topical
tacrolimus and moisturizers are used as maintenance
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(n = 43, 86 sites)

(n=64)
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Not meeting inclusion criteria
L4 (n=21)
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Y

—‘ Allocation

Left or right side within-person

Allocation to moisturizer group
(n = 43, 43 sites)

(i) Morning: Moisturizer
(ii) Evening: Moisturizer

Y

Allocation to tacrolimus group
(n = 43, 43 sites)

(i) Morning: Moisturizer
(ii) Evening: Topical tacrolimus

Excluded from analysis (n = 0)

Follow-up
Lost to follow-up
Due to COVID-19 infection
(n=2)
Analysis
Analysed

(n =41, 82 sites)

FIGURE 1: Flowchart diagram of the side-by-side, single-blinded, and randomized clinical trial.

TaBLE 1: Demographic and baseline characteristics of patients.

N=41 (82 sites)

Age (yr)
Mean + SD
Median (range)
Sex
Male, n (%)
Female, n (%)
EASI
Mean + SD
Median (range)

31.8+10.0
28 (20-56)

18 (43.9%)
23 (56.1%)

104+7.4
9 (0.9-26.0)

Moisturizer group (41 sites) Topical tacrolimus group (41 sites) p value

mEASI

Mean + SD 7533 74+33 0.906
TEWL

Mean + SD 272177 27.8+16.4 0.534
Hydration

Mean + SD 131.6 £86.7 135.2+102.1 0.688
MI

Mean + SD 41.2+64 40.8+6.0 0.336
EI

Mean + SD 14.3+3.3 14.4+3.3 0.911

therapies for AD. Thus, we sought to compare the effects of

a moisturizer with topical tacrolimus.

Ceramides are composed of sphingoid bases linked
with various types of FAs, and they are an essential

constituent of stratum corneum (SC) intercellular lipids

[33]. Reduced levels of ceramides have been associated

with several skin diseases such as AD [34]. Ceramide NP,
also known as ceramide 3, consists of a phytosphingosine
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Figure 2: Clinical pictures of representative patients before and after 4 weeks of treatment with moisturizers and topical tacrolimus.
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FiGgure 3: Continued.
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FIGURE 3: Mean values of (a) mEASI, (b) hydration, (c) TEWL, (d) MI, and (e) EI throughout the follow-up visits (mean + standard error).
(a) Differences in mEASI scores between the moisturizer and tacrolimus groups were significantly greater at week 4 than that at baseline.
(b) Hydration levels were significantly increased at week 2 and week 4 compared to baseline in both groups. (¢, d At week 4, TEWL and MI
values were decreased in both the moisturizer and tacrolimus groups although they were not statistically significant. (e) At week 4, EI scores
were increased in the tacrolimus group but decreased in the moisturizer group, although these increases or decreases were not statistically
significant. mEASI, modified Eczema Area and Severity Index; TEWL, transepidermal water loss; MI, melanin index; EI, erythema index, ns;

not significant. **p <0.01; *** p <0.001; **** p <0.0001.

Moisturizer .
) Worse No change Improved Much improved Total
Tacrolimus
Worse \e\ 1 0 0 1
No change 3 \Ll\ 1 0 16
Improved 3 7 \}Q\ 0 20
Much improved 0 0 3 \1\ 4
Total 6 20 14 1 41 p-value = 0.0741
@
Moisturizer .
) Worse No change Improved Much improved Total
Tacrolimus
Worse \9\ 0 0 0 0
No change 2 \9\ 1 0 12
Improved 4 5 \8\ 1 18
Much improved 2 0 6 \\ 11
Total 8 14 15 4 41 p-value = 0.0271
(®)

FIGURE 4: Proportions of IGA scores at (a) week 2 and (b) week 4. At week 4, the proportion of patients in the tacrolimus group who showed
clinical improvements was statistically higher than that in the moisturizer group. IGA, Investigator’s Global Assessment.

base in an amide linkage with nonhydroxy acids [35, 36].
Most previous research study on skin barrier recovery has
been conducted on a particular ceramide with a single-
chain FA. However, interest in diverse chain lengths has
increased recently [37, 38]. The use of a lipid mixture
enriched with ceramide NP and FAs of diverse chain
lengths improved the recovery rate of the damaged SC and
enhanced skin hydration better than a single C18-
ceramide NP [37, 38].

This study had several limitations. First, we did not
compare the test moisturizer to other moisturizers. Thus, we
were unable to conclude that it was superior to others.
Second, blinding of the intervention was not possible for the
study participants. Thus, we could not evaluate the patient
satisfaction with the treatments.

To the best of our knowledge, this was the first trial to
compare the efficacies of a moisturizer with topical tacro-
limus for treating mild to moderate AD. The findings of this
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study suggest that a moisturizer could provide beneficial
effects on mild to moderate AD. Thus, healthcare providers
should encourage patients with AD to regularly apply
moisturizers to restore skin barrier function.
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