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ABSTRACT

Sleep is more concerned with quality than quantity, and it has been found that the bed-
ding and sleeping garments could disturb sleeping. There are many factors influencing
the sleeping quality, and among them itching is a factor to deteriorate the sleeping
quality. Subjects with atopic dermatitis are particularly suffering from poor sleep due
to itching. Our preceding studies revealed that weak-acidic polyester, which posses-
ses weak-acidic groups, suppresses itching due to atopic dermatitis. In this study, we
adapt weak-acidic polyester to sleeping garments which contact directly with skin and
examine whether the sleeping quality is improved by suppressing itchiness during
sleep. The sleeping quality was assessed by an electroencephalograph and the Ath-
ens insomnia scale, and the degree of itching was scored on a scale of 100 according
to the visual analog scale (VAS). Here, sleep is characterized by REM sleep and non-
REM sleep according to brain activity by an electroencephalograph. The wear tests by
the subjects with atopic dermatitis confirmed that the subjects putting on weak-acidic
polyester have a higher rate of non-REM sleep than those on untreated polyester in
the summer.
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INTRODUCTION

For humans, sleep is an essential activity for resting, repairing, and regene-
rating the body and brain. Growth-related hormones are secreted 2-3 hours
after falling asleep, assisting cell repair and fatigue recovery. However, one
in five Japanese suffers from insomnia [Mishima, 2022]. The main cause of
insomnia is attributed to the increased time in TV viewing due to the change
of night-shifted lifestyle resulted from the spread of the Internet and games as
resulted in sleep deprivation and sleep disorders. Sleep deprivation has been
shown to be more responsive to negative emotional stimuli and is known to
increase anxiety and depression. In addition, it has been pointed out that the
accidents and lifestyle-related diseases have worsened. Sleeping quality is just
as important as sleep time, and the sleeping environment, such as bedroom
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brightness, bed temperature and humidity, is important to improve sleeping
quality [Arai et al.2006]. The sleeping quality could also be improved by the
tools including the choice of bedding, pajamas and pillows that fit the phy-
sique [Kogure, 2005]. The brain activity is reduced during sleeping, but the
brain activity can be measured by measuring brain waves. The sleeping brain
is divided into two sleep stages of REM sleep and non-REM sleep, as speci-
fied by the characteristics of respective brain waves [Kashiwagi et al.2016].
These modes (REM sleep and non-REM sleep) are repeated during sleeping
on a regular basis. The brain is still active in REM sleep, and memory is orga-
nized and stored. In non-REM sleep, the cerebrum is considered at rest and is
preparing for the recovery from brain and body fatigue. Deep sleep results in
brain rest, body tissue repair, growth hormone secretion, energy savings, and
enhanced immune function. In this context, the sleeping quality, the sleeping
quality is assessed in terms of the cycle pattern of REM and non-REM.

Subjects with atopic dermatitis suffer from poor sleep due to itching with
their ill-suitable pajamas. A weak-acidic polyester fiber has been developed to
maintain the healthy skin condition (pH 5.5) at the contacting boundary with
human skin by introducing malic acids (Teijin Co. Ltd.). The fabric made of
weak-acidic polyester fiber was found to suppress rash develops and subse-
quent itching of the patients with atopic dermatitis [Mizutani et al, 2013]. In
the present study, we apply weak acidic polyester to sleeping garments and
evaluate its anti-itching effect on sleeping quality.

EXPERIMENT

Sample Sleeping Garment

A one-piece type of sleeping garment made of weak-acidic polyester or untre-
ated polyester knitted fabric (manufactured by Teijin Co. Ltd.) was used
for the sleeping quality evaluation. The seam allowance of the sleeping gar-
ment was exposed because it could irritate the skin of patients with atopic
dermatitis.

Sleep Experiment Method

The subjects are composed of 4 atopic dermatitis patients suffering from itch-
ing when sweated and 4 healthy females. The subjects were aged 20 to 26
years each, and participated in the sleep experiment at August – September
(summer) in 2021. In the sleep experiment, the subjects were asked to use
their daily bedding in their own bedroom in order to avoid the influence
of the bedding and floor environment on the sleeping quality. They put on
one of the samples of sleeping garment and installed an electroencephalo-
graph, Sleep Scope (manufactured by Sleepwell Co., Ltd.) on their forehead
and nape to measure the sleeping quality. An ultra-compact temperature /
humidity sensor (SHTDL-3) (manufactured by Syscom) was used for the tem-
perature / humidity monitoring in the bed room. A sensor was also attached
to the chest pocket of the sleeping garment to monitor the temperature and
humidity inside the bed during the sleep period. After waking up, the subjects
were to answer the questionnaire of the Athens Insomnia Scale to evaluate
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Figure 1: Insomnia assessment of subjects by Athens Insomnia scale.

the degree of insomnia. In addition, the visual analog scale (VAS) was used
for the evaluation of the degree of itching, where the strongest itching experi-
enced so far was set as 100 and the subjects were asked to indicate the degree
of the itching during sleep on a straight line of 10 cm [Yamada et al. 2005].
After wearing the same type of sleeping garment for 3 consecutive days, ano-
ther type was worn for 3 days and the same series of sleeping experiments
were repeated with the same subjects.

RESULTS AND DISCUSSION

Subjects’ Insomnia

The Athens Insomnia Scale (AIS) is widely applied for assessing the degree
of sleep insomnia [Okajima et al. 2020]. Figure 1 shows the assessed results
of the insomnia of the subjects as the average value for 6 days. The figure on
the left shows the results obtained from the patients with atopic dermatitis
(S-1 to S-4), who claimed itching during sleep by sweating. The figure on the
right shows the AIS scales of healthy subjects (S-5 to S-8) who claimed no
itching. All subjects have an AIS value of 6 or less and are not considered to
be insomnia, and are judged to be suitable as subjects for this study.

Comparison of Itching During Sleep While Wearing Sample
Sleeping Garment

The subjects suffering from atopic dermatitis (S-1 to S-4) claimed itching
during sleep. Figure 2 shows the average value of the degree of itchiness
on the VAS scale when the subjects wore respective sleeping garments made
of untreated polyester or weak-acidic polyester for 3 days during sleep. Alth-
ough the degree of itching varies due to the subjective judgement depending
on the subjects suffering from atopic dermatitis (S-1 to S-4), the degree of
itching is lower when wearing weak-acidic polyester for sleeping garment
than when wearing untreated polyester for each subject. On the other hand,
healthy subjects hardly felt itching (the VAS scale=0) regardless of wearing
untreated polyester or weak-acidic polyester.

Evaluation of Sleeping Quality by an Electroencephalograph

The sleeping brain repeats REM sleep and non-REM sleep periodically, and
the sleep stage is characterized by brain waves. When a person falls in sleep,
first her brain wave shows the characteristics of non-REM sleep and then goes
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Figure 2: Comparison of itching when atopic dermatitis patients wear weak-acidic
polyester (W-PET) and untreated polyester (U-PET) during sleep.

Figure 3: Typical sleeping pattern comprised of REM sleep and non-REM sleep.

in deeper sleep mode characterized as non-REM sleep before awakening (see
Figure 3). A 90-minutes cycle of REM sleep and non-REM sleep is typically
repeated 4 to 5 times during sleeping.

Different brain waves are detected depending on the quality of sleep. Brain
waves are classified into the α wave (8 to 13Hz), the β wave (14 to 30Hz), the
θ wave (4 to 7 Hz), and the δ wave (0.5 to 3 Hz) according to the frequency
range [Hitomi et al 2014]. The brain waves θ and δ are generated in the sleep
stage, while the mixed waves of α and β are observed in the awakening stage.
In non-REM sleep, sleep becomes deeper in the order of N1, N2 and N3. The
θ wave characterizing light sleep appears in N1, and many δ waves appear in
N3 of non-REM. The δ wave is a symptom of deep sleep, that is, the higher
amount of δ waves denotes the better sleeping quality.

The δ power is defined as the power spectrum density of the brain δwave in
the frequency ranges from 0.5 to 2 Hz. Since the δ wave appears only in deep
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Table 1. Effect of weak-acidic PET wear on the δ power value, interrupted sleep time
and VAS at the first sleeping cycle evaluated from the subjects with or without
atopic dermatitis.

sleep, the δ wave characterizes deep sleep and thus the δ power evaluates the
sleeping quality. Since δ waves appear mostly in the first sleep cycle during
sleep, the analysis was conducted for the first sleep cycle in the following
discussion.

Table 1 summarizes the results of the electroencephalograph (EEG) (in
terms of the δ power), the total interrupted sleep time and the degree of
itchiness (in terms of VAS), where the results are based on the data taken
in the second day of 3-day consequent wearing tests. The subjects suffering
from atopic dermatitis (S-1 to S-4) show a lower degree of itching (VAS)
when wearing weak-acidic polyester(W-PET) than when wearing untreated
polyester(U-PET), and the corresponding δ power value was found larger
when wearing W-PET except for Subject S-2. The results indicate that the
weak-acidic polyester garment promotes the sleeping quality by reducing
itching during sleeping. Itching interrupts sleeping and deteriorates the slee-
ping quality. The interrupted sleep time was also reduced by wearing W-PET
garment in the case of the subjects suffering from atopic dermatitis except
for S4, confirming that a positive effect of W-PET garment on atopic der-
matitis skin. Here the healthy subjects claimed no itching by wearing U-PET
or W-PET garments in bed. Although the subject S-8 exhibited longer inter-
rupted sleep time and lower δ value, she claimed no itching so that the bad
sleeping quality might be caused by another reason.

CONCLUSION

The sleeping quality is deteriorated itching during sleep in the subjects with
atopic dermatitis as quantitatively evaluated by an electroencephalograph.
The sleeping garment made of the weak-acidic polyester was subjectively con-
firmed to suppress itching after awakening, and a shorter interrupted sleep
and a higher δ power value of the first sleep cycle during sleep proved this
conjecture during sleep semi-quantitatively. The sleeping quality is improved
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by releasing atopic itching, and the atopic dermatitis could be suppressed
by keeping skin pH at a healthy skin condition. In the future, weak-acidic
polyester will be compared with cotton, which is recommended for patients
with atopic dermatitis as sleeping garments, with regard to the effect on the
quality of sleep.
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