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ABSTRACT

Introduction: Atopic dermatitis (AD) is a
chronic, relapsing, inflammatory skin disease
characterized by eczema and pruritus, and fre-
quently impairs sleep quality. Although cyclos-
porine improves symptoms of AD, objective
evaluation of sleep in patients with AD treated
with cyclosporine has not been reported. This
study was conducted to elucidate the effects of
cyclosporine on sleep quality for patients with
AD.

Methods: Twelve patients with moderate-to-
severe AD were recruited. Nocturnal sleep
quality was evaluated for 7 days using a sleep
analyzer, which patients wore at the waist
before and after cyclosporine was administered
at 2.0–4.0 mg/kg per day. Seven parameters of
sleep quality were measured before and after
cyclosporine administration for a period of
7 days for each patient.
Results: The administration of cyclosporine
significantly improved total sleep time in four
cases, sleep latency in two cases, wake after
sleep onset in six cases, number of awakenings
in two cases, sleep efficiency in seven cases,
number of awakenings for more than 8 min in
three cases, and number of position changes
recorded every 2 min in three cases. The mean
values of sleep latency significantly decreased
after cyclosporine administration (P = 0.023).
The mean value of sleep efficiency significantly
increased after the administration (P = 0.002).
Conclusion: Cyclosporine improves sleep qual-
ity in patients with moderate-to-severe AD.
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Key Summary Points

Why carry out the study?

Effects of cyclosporine on sleep in patients
suffering from atopic dermatitis have not
been objectively evaluated yet.

What was learned from the study?

Sleep quality of 12 patients with atopic
dermatitis treated with cyclosporine was
analyzed by actigraphy, which is an
objective analyzer for sleep quality, in this
study.

Cyclosporine improves sleep quality
including sleep latency and sleep
efficiency in patients with atopic
dermatitis.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12958025.

INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing,
inflammatory skin disease characterized by
eczema and pruritus [1, 2]. Although most
patients with AD can achieve adequate disease
control with topical agents and/or ultraviolet
light, a subpopulation of patients with moder-
ate-to-severe AD does not show adequate con-
trol by these treatments [3]. In such
uncontrolled patients, the most burdensome
symptoms are pruritus followed by excessive
dryness/scaling and inflamed skin [4].

Several studies have evaluated sleep quality
in patients with AD using a visual analog scale
(VAS) as a subjective evaluation tool, included

in SCORing Atopic Dermatitis, a scoring system
for AD severity [5–9]. Recently, various objective
tools have been applied to the evaluation of
sleep quality for patients with AD. Indeed, the
objective tools such as actigraphy,
polysomnography, and infrared video have
been reported to potentially detect prolonged
sleep onset latency, more wake time after sleep
onset, lower sleep efficiency, less non-rapid eye
movement (NREM) sleep, more sleep fragmen-
tation, and more scratching and movement in
sleep of patients with AD [10].

These objective tools usually require spe-
cialists for analysis and handling, resulting in
their low utilization. In contrast, the Sleep-Sign-
Act system (Kissei Comtec, Matsumoto, Japan),
a type of actigraphy, is an alternative choice to
evaluate nocturnal sleep quality of patients with
AD, owing to (i) ease of device handling; (ii)
ease of the results analysis procedure; (iii) small
size of the device, which does not prevent the
patient’s sleep; (iv) high reliability of the device/
procedure that has been proven by a high con-
cordance rate of 85–87% with polysomnogra-
phy [11]; and (v) adequate performance
demonstrated by multiple previous studies
[12, 13].

Bender et al. examined sleep efficiency and
scratching using the objective tools including
polysomnography and actigraphy, and subjec-
tive tools including self-report in 20 adult
patients with AD, and the authors revealed that
objective tools, but not self-report, accurately
reflected the severity of AD associated with
pruritus and sleep disturbance [14]. Therefore,
the effects of therapeutic options for AD on
sleep quality should be objectively evaluated.
This study was conducted to elucidate the
effects of cyclosporine on nocturnal sleep
quality in patients with AD by using Sleep-Sign-
Act system as an alternative objective tool for
sleep quality evaluation.

METHODS

Patients

The ethics committee of the Sleep Clinic Chofu
approved the study protocol (approval number,

1360 Dermatol Ther (Heidelb) (2020) 10:1359–1369

https://doi.org/10.6084/m9.figshare.12958025
https://doi.org/10.6084/m9.figshare.12958025


SC-IRB20200403a), and this study was approved
by all institutions. All patients provided written
informed consent before enrollment. This study
was performed in accordance to the Helsinki
Declaration of 1964 and its later amendments.

This study recruited 12 patients with AD
(eight male, four female) who met the following
inclusion criteria: (i) referral to Sleep Clinic
Chofu for subjective sleep symptoms including
difficulty in falling asleep, wake after sleep
onset, early-morning awakening, and lack of
deep sleep; (ii) fulfillment of the diagnostic cri-
teria for AD described by Hanifin and Rajka [15];
(iii) moderate-to-severe AD according to three
severity criteria: score C 3 in investigator global
assessment, score C 16 in eczema area and
severity index (EASI), and score C 10% in body
surface area; (iv) treatment with cyclosporine;
and (v) agreement of the assessments by actig-
raphy for nocturnal sleep quality. We excluded
patients with AD who met the following
exclusion criteria: (i) complication of psychi-
atric disorder such as schizophrenia and
depression; (ii) complication of organic brain
disorders such as brain tumor and cerebrovas-
cular disorder; (iii) administration of psy-
chotropic agent, except for hypnotic drugs, of
which dose was not changed during the analy-
sis; (iv) administration of systemic immuno-
suppressants and systemic corticosteroids;
(v) treatment with phototherapy; (vi) self-ad-
ministration of any drugs during the analysis;
and (vii) pregnancy and breastfeeding.

The mean age of recruited patients was
36.6 years (range 25–51 years). Cyclosporine
was administered at 2.0–4.0 mg/kg per day
individually. The patients were allowed to use
emollients, topical corticosteroids, topical cal-
cineurin inhibitors, and oral antihistamines;
the doses of these drugs were not changed
during the analysis, except for case 3, in which
class II topical corticosteroid treatment was
started at the initial administration of
cyclosporine.

Sleep Assessments

Nocturnal sleep quality was examined before
initiation of cyclosporine and at 14–28 days
after initiation. Sleep quality was evaluated over
a period of 7 days using the Sleep-Sign-Act ver-
sion 2.0 sleep analyzer (Kissei Comtec), which
patients wore at their waist. The analyzer
recorded the following parameters: (i) total
sleep time, defined as the time calculated by
subtracting wake time from the duration of
sleep onset to final awakening (minutes); (ii)
sleep latency, defined as the time from start of
recording to onset of sleep (minutes); (iii) wake
after sleep onset, defined as the time awake
during the period from sleep onset to final
awakening (minutes); (iv) number of awaken-
ings, defined as the number of awakenings in
the duration from sleep onset to final awaken-
ing (times); (v) sleep efficiency, defined as the
percentage calculated by total sleep time divi-
ded by time in bed (%); (vi) number of awak-
enings for more than 8 min (times); and (vii)
number of position changes recorded every
2 min (times). According to the literature,
increasing total sleep time and sleep efficiency
along with decreasing sleep latency, wake after
sleep onset, number of awakenings, number of
awakenings for more than 8 min, and number
of position changes recorded every 2 min were
regarded as reflecting improvements in sleep
quality.

Statistical Analysis

Statistical analysis was performed using SPSS
version 22 software (SPSS Japan, Tokyo, Japan).
Statistical significance was analyzed by Wil-
coxon signed-rank test for the comparison of
mean values of median value in each patient
before and after cyclosporine administration
and two-way factorial analysis of variance fol-
lowed by Bonferroni’s multiple comparison
analysis for the comparison of the values in
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each individual patient before and after the
administration. Values of P\0.05 were con-
sidered as statistically significant.

RESULTS

Changes in Sleep Parameters Before
and After Cyclosporine Administration

Each parameter of nocturnal sleep quality was
measured before and after cyclosporine admin-
istration for a period of 7 days for each patient
(Fig. 1a). Total sleep time increased in nine
patients and decreased in three patients. Sleep
latency increased in three patients and

decreased in nine patients. Wake after sleep
onset increased in eight patients, decreased in
three patients, and was unchanged in one
patient. Number of awakenings increased in six
patients, decreased in five patients, and was
unchanged in one patient. Sleep efficiency
increased in all 12 patients. Number of awak-
enings for more than 8 min increased in five
patients, decreased in six patients, and was
unchanged in one patient. Number of position
changes recorded every 2 min increased in two
patients and decreased in six patients. None of
the 12 patients showed any severe adverse
effects during the study period. The mean val-
ues of sleep latency was significantly decreased
after cyclosporine administration (P = 0.023)
(Fig. 1b). The mean value of sleep efficiency was

Fig. 1 Changes in sleep parameters from before to after
cyclosporine. a Changes in each sleep parameter of
individual patients. ‘‘Before’’ and ‘‘After’’ indicate time
points before and after cyclosporine administration,
respectively. b Changes in mean values of each sleep
parameter. Asterisks indicate significant difference. Error

bars represent standard deviation. TST total sleep time
(minutes), SL sleep latency (minutes), WASO wake after
sleep onset (minutes), NA number of awakenings (times),
SE sleep efficiency (%), NA8 number of awakenings for
more than 8 min (times), NPC number of position
changes recorded every 2 min (times)
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significantly increased after cyclosporine
administration (P = 0.002). The mean values of
other parameters did not change significantly.

Changes in Each Sleep Parameter
of Individual Patients

Changes in each sleep parameter of individual
patients with AD before and after cyclosporine
administration were statistically analyzed
(Tables 1, 2). Significant improvements were

seen for total sleep time in four patients, sleep
latency in two patients, wake after sleep onset
in six patients, number of awakenings in two
patients, sleep efficiency in seven patients,
number of awakenings for more than 8 min in
three patients, and number of position changes
recorded every 2 min in three patients (Fig. 2).
Moreover, significant exacerbation of total sleep
time was seen in one patient. These data also
indicated that (i) cyclosporine improved at least
one of the seven sleep parameters in eight
patients, although it did not improve any

Table 1 Median values in each sleep parameter before and after cyclosporine administration in individual patients

TST (min) SL (min) WASO (min) NA (times) SE (%) NA8 (times) NPC (times)

Before After Before After Before After Before After Before After Before After Before After

Case

1

114 118 20 8 90 70 6 4 44.1 50.6 6 4 4 3

Case

2

232 198 6 14 70 30 6 3 69.1 76.9 6 3 14 5

Case

3

194 282 66 28 64 80 4 6 50.9 70.5 4 6 ND ND

Case

4

168 190 9856 60 102 4 6 42.9 48.9 4 6 10 12

Case

5

114 242 86 14 68 84 3 4 38.3 62.7 3 4 ND ND

Case

6

238 382 96 34 130 52 4 4 47.4 78.9 4 4 ND ND

Case

7

330 282 16 18 268 140 11 6 53.6 63.9 11 6 ND ND

Case

8

240 288 8 2 314 204 24 23 40.8 65.0 12 10 78 59

Case

9

208 230 36 6 262 240 16 13 38.3 48.4 8 11 31 27

Case

10

204 268 28 10 216 222 12 13 43.3 51.6 12 13 26 27

Case

11

230 234 16 36 60 42 5 4 68.6 75.2 5 4 10 6

Case

12

328 296 28 4 88 60 7 3 61.5 81.7 7 3 33 17

TST total sleep time, SL sleep latency, WASO wake after sleep onset, NA number of awakenings, SE sleep efficiency, NA8
number of awakenings for more than 8 min, NPC number of position changes recorded every 2 min, ND no data
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parameter in four patients; and (ii) sensitivity to
cyclosporine was different among parameters.

DISCUSSION

This study offers the preliminary objective evi-
dence that cyclosporine improves nocturnal
sleep quality in patients with moderate-to-sev-
ere AD analyzed by objective procedures.
Cyclosporine is potentially associated with
improved quality of life in patients with mod-
erate-to-severe AD through the favorable effects
on sleep.

From the perspective of each patient,
cyclosporine significantly improved at least one
of the seven parameters in eight of the 12
examined patients. Case 3 did not show a
remarkable improvement compared to other
cases, although class II topical corticosteroid
treatment was started at the initiation of
cyclosporine administration. From the perspec-
tive of each parameter, cyclosporine signifi-
cantly improved sleep efficiency in seven
patients and wake after sleep onset in six
patients. On the other hand, cyclosporine

significantly improved mean values of sleep
efficiency and sleep latency, although it did not
significantly improve mean values of the other
parameters. These observations suggested that
(i) cyclosporine can shorten the time until onset
of sleep in bed, resulting in better sleep effi-
ciency; and (ii) cyclosporine may not always
contribute to relieve the difficulty falling asleep
in terms of onset of sleep discontinuation.
Overall, cyclosporine is strongly suggested to
improve sleep quality in patients with moder-
ate-to-severe AD, which might be explained by
two possible mechanisms: (i) cyclosporine
reduces pruritus, which impairs sleep quality;
and (ii) cyclosporine regulates the cytokines/
chemokines associated with sleep.

Sleep quality in patients with AD has been
evaluated by various subjective tools. Silverberg
et al. examined sleep disturbance in patients
with AD by a cross-sectional questionnaire of
34,613 adults and reported that eczema was
associated with fatigue [odds ratio (OD), 2.97],
regular daytime sleepiness (OD, 2.66), and reg-
ular insomnia (OD, 2.36) [16], roughly in line
with a study reported by Li et al. in which sleep

Table 2 P values in comparisons of sleep parameters before and after cyclosporine administration

TST SL WASO NA SE NA8 NPC

Case 1 0.802 0.156 0.649 0.442 0.008 0.360 0.889

Case 2 0.182 0.913 0.012 0.061 0.101 0.026 0.006

Case 3 0.016 0.175 0.628 1.000 0.036 1.000 ND

Case 4 0.108 0.520 0.976 0.201 0.095 0.105 0.331

Case 5 \ 0.001 0.002 0.579 0.106 \ 0.001 0.055 ND

Case 6 \ 0.001 \ 0.001 0.018 0.172 \ 0.001 0.105 ND

Case 7 0.148 0.314 \ 0.001 0.034 0.035 0.012 ND

Case 8 0.015 0.798 \ 0.001 0.608 \ 0.001 0.068 \ 0.001

Case 9 0.534 0.230 0.045 0.549 0.033 0.223 0.304

Case 10 0.324 0.249 0.872 0.442 0.073 0.476 0.540

Case 11 0.395 0.593 0.694 0.669 0.921 0.611 0.759

Case 12 0.024 0.163 0.034 0.001 0.024 \ 0.001 0.014

TST total sleep time, SL sleep latency, WASO wake after sleep onset, NA number of awakenings, SE sleep efficiency, NA8
number of awakenings for more than 8 min, NPC number of position changes recorded every 2 min, ND no data
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disturbance was observed in most adult patients
with AD [17]. Ramirez et al. studied 13,988
children, including 4938 children with AD, by
using questionnaires, and reported that night-
time awakenings, regular early morning awak-
enings, difficulty falling asleep, and nightmares

were detected in 15–65% of children with AD,
although total sleep duration was similar
between children with active AD and without
AD [18]. Thus, the previous studies demon-
strated that AD definitely impairs subjective
sleep quality. On the other hand, our data
objectively showed that cyclosporine adminis-
tration significantly improved sleep latency but
not total sleep time. Cyclosporine might be
ineffective on the improvement of total sleep
time in this study, because the total sleep time
of our patients was not originally impaired by
AD only.

As it is known that pruritus impairs sleep
quality in patients with AD [10], Kaaz et al.
analyzed the impact of pruritus on sleep quality
among 100 patients with AD and indicated a
substantial association with insomnia [19].
Several recent studies have reported that
patients with inadequately controlled AD exhi-
bit a higher burden of pruritus, as well as more
frequent sleep disturbance, including longer
sleep latency and increasing needs of over-the-
counter sleep medications compared to patients
with controlled AD [20, 21]. On the other hand,
there is limited direct evidence to show the
effects of cyclosporine on both sleep and pru-
ritus concurrently in patients with AD; more-
over, those effects were evaluated with
subjective tools. Sowden et al. reported that
cyclosporine administration significantly
improved concurrently both loss of sleep and
pruritus; (i) each VAS score of loss of sleep was
13.8 and 41.9 in cyclosporine-treated patients
and placebo-treated patients, respectively, and
(ii) each VAS score of pruritus was 16.6 and 51.2
in cyclosporine-treated patients and placebo-
treated patients, respectively [22]. This report
provides high-quality but vague evidence of
sleep quality improvement by cyclosporine in
patients with AD. In addition to that, our study
potentially provides the specific information
that cyclosporine administration improves
sleep efficiency and sleep latency in patients
with moderate-to-severe AD.

Cyclosporine alleviates pruritus, potentially
by inhibiting pruritus-inducing cytokines such
as interleukin (IL)-4, IL-13, and IL-31, and by
ameliorating peripheral nerve abnormalities
and skin barrier dysfunction [23, 24]. These

Fig. 2 Statistical evaluations for sleep parameter changes
in individual patients. Tile plot indicates statistical
outcomes of changes in sleep parameters before and after
cyclosporine administration of individual patients with
AD. White, dark gray, and light gray squares indicate
significant improvement, significant exacerbation, and no
significant change, respectively. Diagonal marks in white
squares indicate lack of data. Upper bar graph indicates
number of patients showing significant improvements in
each sleep parameter. Tile plot and bar graph share an
x-axis, indicating each sleep parameter. TST total sleep
time (minutes), SL sleep latency (minutes), WASO wake
after sleep onset (minutes), NA number of awakenings
(times), SE sleep efficiency (%), NA8 number of awaken-
ings for more than 8 min (times), NPC number of
position changes recorded every 2 min (times)
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facts strongly support the hypothesis that the
favorable effects of cyclosporine on sleep qual-
ity in patients with AD are responsible for
improvement of pruritus. On the other hand,
some cytokines associated with AD directly
impair sleep quality. IL-4, IL-10, and IL-13 have
been reported to decrease NREM sleep amount
[25]. Khattri et al. suggest that cyclosporine
reduces expression of type 2 T helper cell (Th2)-
related molecules, including IL-4 in patients

with AD [23]. Such mechanisms for cyclospor-
ine may contribute to the improvement of sleep
quality (Fig. 3). However, cytokines that regu-
late NREM sleep including tumor necrosis fac-
tor-a, interferon-a, IL-1b, IL-2, and IL-6 can also
be negatively modulated by cyclosporine in
patients with AD [25, 26]. Moreover, the
mechanisms of sleep quality improvement by
cyclosporine through sleep-associated cytoki-
nes/chemokines still cannot be easily

Fig. 3 Hypothetical points where cyclosporine acts on
sleep disturbance-related cytokines in atopic dermatitis.
Hypothetical signaling pathway in sleep disturbance due to
atopic eczema, and points where cyclosporine acts on the

pathway are shown. CsA cyclosporine, TNFa tumor
necrosis factor-a
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understood, as suggested by Xerfan et al. [27].
Therefore, more studies are required to evaluate
the effects of cyclosporine on sleep-associated
cytokines/chemokines.

For patients with moderate-to-severe AD,
systemic immune-modulating treatments
including cyclosporine and dupilumab are
indicated. Cyclosporine is sometimes prefer-
entially selected as the systemic therapy for
patients with AD rather than dupilumab,
because (i) the efficacy of cyclosporine for
clinical signs of AD has been repeatedly and
sufficiently confirmed in multiple clinical trials
over the past 20 years [28]; (ii) cyclosporine is
usually cheaper than dupilumab; and (iii) the
duration of cyclosporine administration is
shorter than dupilumab. In addition to afore-
mentioned reasons, this study potentially
shows a merit of cyclosporine which improves
sleep quality in patients with moderate-to-sev-
ere AD.

Some limitations of this study must be
considered. First, the therapeutic options other
than cyclosporine were not completely con-
trolled before or after cyclosporine adminis-
tration; in particular, topical corticosteroid
treatment was added for case 3 at the initiation
of cyclosporine administration. Second, the
data on the severity of eruptions and pruritus
were lacking after the initiation of cyclosporine
administration; such data are important to
obtain a clearer understanding about changes
in sleep quality. Third, the number of exam-
ined patients was relatively small, which may
impair the reliability of the data. Fourth, the
sleep analyses were performed within 1 month
after the initiation of cyclosporine. However,
Haw et al. reported that during longer-term
cyclosporine administration, effects appeared
during the 6-month follow-up period [29].
Therefore, if our analyses were performed at
later time points after the initiation of cyclos-
porine administration, better results would
have been demonstrated. Fifth, the selection
bias in this study should be considered due to
referred patients. Ideally, the patients with AD
who are referred to the dermatology clinic
should be recruited.

CONCLUSIONS

Cyclosporine is strongly suggested to improve
sleep quality in patients with moderate-to-sev-
ere AD.
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