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Abstract

Appropriate warming of the periocular or posterior cervical skin has been reported to induce autonomic or mental relaxa-
tion in humans. To clarify the effects of cutaneous warming on human sleep, eight male subjects with mild sleep difficulties
were asked to try three experimental conditions at home, each lasting for 5 days, in a cross-over manner: warming of the
periocular skin with a warming device for 10 min before habitual bedtime, warming of the posterior cervical skin with a
warming device for 30 min before habitual bedtime, and no treatment as a control. The warming device had a heat- and
steam-generating sheet that allowed warming of the skin to 40 °C through a chemical reaction with iron. Electroencephalo-
grams (EEGs) were recorded during nocturnal sleep using an ambulatory EEG device and subjected to spectral analysis. All
the participants reported their sleep status using a visual analog scale. We found that warming of the periocular or posterior
cervical skin significantly improved subjective sleep status relative to the control. The EEG delta power density in the first
90 min of the sleep episode was significantly increased under both warming of the periocular or posterior cervical skin rela-
tive to the control. These results suggest that warming of appropriate skin regions may have favorable effects on subjective
and objective sleep quality.

Keywords Periocular cutaneous warming - Posterior cervical cutaneous warming - Heat and steam-generating sheet -
Subjective sleep status - Objective sleep quality - Delta power density

Introduction

Reportedly approximately 20% of the general adult popu-
lation in Japan has difficulty sleeping [1], being compara-
ble to data reported elsewhere [2]. Studies have shown that
sleep problems are associated with poor daytime function,
and are a risk factor for physical or mental disorders, thus
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raising awareness of the importance of sleep as a public
health issue [1-4]. Hypnotic drug therapy for insomnia has
been widely employed, but its long-term use may be prob-
lematic in terms of untoward effects and dependence issues
[5]. Sleep hygiene education and cognitive behavior therapy
for insomnia (CBT-I) have been recommended as alterna-
tive behavioral and psychological therapeutic options [6, 7].

As a physiological intervention, bathing at an appropriate
temperature and with optimal timing has been reportedly
associated with a subjective improvement of sleep initiation
and an objective increase in deep EEG sleep, possibly due
to general relaxation and/or increased heat loss after such
warming interventions [8—10]. Warming of the hand or foot
skin before bedtime has been reported to improve sleep qual-
ity and decrease core body temperature in elderly subjects
with or without insomnia [11, 12].

We have developed a disposable heat- and steam-gen-
erating sheet to warm the periocular skin safely and easily,
and reported that it reduced sympathetic and increased para-
sympathetic nerve activity [13] and enhanced alpha-band
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electroencephalogram activity during the daytime [14], lead-
ing to autonomic or mental relaxation.

We postulated that this heat- and steam-generating sheet
might have potential application for improvement of poor
sleep through warming of the skin and autonomic relaxation.
In the present study, we examined the effect of periocular
and posterior cervical cutaneous warming with our dispos-
able heat- and steam-generating sheet before bedtime. Using
electroencephalography (EEG) and a visual analog scale
(VAS), we evaluated objective and subjective sleep quality
in subjects who had mild difficulty falling asleep.

Materials and methods
Participants

The experimental procedures were in accordance with
the guidelines outlined in the Declaration of Helsinki and
approved by the Ethics Committee of Nihon University
(Approval number: 27-9). First, an intranet email, in which
the objectives and procedures of the present study were con-
cisely described, was sent to 678 male workers of Kao Co.,
aged between 20 and 59 years, in order to recruit the study
participants. The participants included were (1) those who
had experienced sleep difficulties scored as six or more in

Fig.1 Subject flow chart
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the Pittsburgh sleep questionnaire and who had found it dif-
ficult to fall asleep once or more per week in the previous
month, but (2) who had not suffered daytime impairment of
daily life or had taken hypnotic medication in the previous
month. Two-hundred and twenty-six males responded via
intranet and were interviewed by the investigators. We found
that 25 males fulfilled the inclusion criteria. Finally, eight
healthy males (mean age +SD 38.5+ 11.8 years) submitted
their written informed consent after the possible risks and
details of the study had been explained (Fig. 1).

Experimental procedures

Figure 2a illustrates the experimental schedules used in the
present study. Each experiment was performed at the home
of the participant. After a 7-day adaptation period, par-
ticipants underwent three experimental sessions separated
by a 5-day intersession interval: a control session without
any interventions, a periocular cutaneous warming (EW)
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and a posterior cervical cutaneous warming (CW) session
using a disposable posterior cervical cutaneous-warming
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Fig.2 Experimental design. a Schedule proposal. b Typical sleep
period for a day under EW and CW conditions. EW periocular cuta-
neous warming; CW posterior cervical cutaneous warming

the control session and then took part in the EW and CW
sessions, whereas the other subjects took part in the con-
trol session after the EW and CW sessions (Fig. 2a), thus,
allowing the control session and two intervention sessions
to be crossed over. The experimental sessions were sched-
uled to weekdays between January and March, 2013.

In the EW session, each participant was instructed to
wear the EWD for 10 min from habitual bedtime. In the
CW session, a 30-min warming period with the CWD
was conducted in a sitting position just before bedtime
(Fig. 2b).

All-night sleep electroencephalography from bedtime to
waking time was conducted twice in the adaptation period
using a newly developed small ambulatory EEG machine.
Similarly, all-night sleep EEG was conducted twice or
more in each of the experimental sessions (control, EW
and CW sessions).

Both the warming devices (EWD and CWD) were made
of non-woven fabric and had a disposable heat and steam-
generating sheet, which provided moist heat through the
chemical reaction of iron, water, and oxygen when the
package was opened. The EWD warmed the periocular
skin to 40 °C within approximately 10 min [15], and the
CWD warmed the posterior cervical skin to approximately
40 °C within approximately 30 min. The EWD and CWD
used in these conditions were reported to provide a sig-
nificant relaxation in autonomic nervous system based on
heart rate variability [16, 17].The EWD and CWD were
the prototype made by Kao Corporation for the present
study.

Evaluation of subjective sleep status

Subjective sleep status for the control, EW, and CW condi-
tions was assessed upon awakening using a 100-mm VAS for
separate evaluation of restfulness, subjective refreshment,
sleep initiation, recovery from fatigue and sleep quality,
respectively.

Electroencephalography during sleep

EEG was performed during sleep with an ambulatory sleep
EEG apparatus (SLEEP SCOPE; Sleep Well Co., Japan)
[18, 19], equipped with a single EEG channel. Using this
apparatus, we obtained an EEG record from an electrode
placed in the median frontal region referenced to a right
mastoid electrode, and then subjected it to off-line analysis.
In accordance with criteria originally described elsewhere
[18, 19], the sleep EEG record was divided into 30-s epochs
and classified into waking, rapid eye movement (REM)
sleep, light non-REM sleep or deep non-REM sleep. Addi-
tionally, sleep latency, sleep efficiency, and wake after sleep
onset were calculated. EEG data obtained by this apparatus
have recently been reported in several studies [18, 19].

Spectral analyses of the EEG data were conducted using
an automatic fast Fourier transform algorithm. The EEG
power density for consecutive 90-min periods was calculated
for the following frequency bands: delta (0.5-2.0 Hz), theta
(4.0-8.0 Hz), alpha (8.0-12.0 Hz), sigma (12.0-16.0 Hz)
and beta (16.0-35.0 Hz). Thus, the EEG power density for
the first, second, and third 90-min periods was calculated.
For individual records, the EEG power density of each ses-
sion was averaged. The average number of times in each ses-
sion was 2.9+ 1.1 in control, 2.9+ 1.2 in EW, and 2.6 +0.5
in CW session (average number + SD).

Statistical analyses

Values were expressed as means =+ standard deviations of
the mean (SD). Statistical analyses for comparisons between
conditions were performed with the Wilcoxon signed-rank
test. Probability values of less than 0.05 were accepted as sta-
tistically significant. All statistical analyses were performed
using IBM SPSS Statistics 20 (IBM, Chicago, IL, USA).

Results

Sleep parameters and subjective sleep status

Table 1 shows time in bed (TIB), sleep period time (SPT),
total sleep time (TST), sleep latency, sleep efficiency, and

wake after sleep onset for the control, EW, and CW con-
ditions. TIB, SPT, TST, sleep latency, sleep efficiency,
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Table 1 Sleep parameters for experimental nights

Control EW Ccw
Bedtime (hh:mm) 23:53+0:15 23:48+0:21 23:54+0:14
Waketime (hh:mm) 5:59+1:03 5:30+£0:45  5:39+0:17
TIB (min) 385.8+77.2 384.9+29.5 361.9+39.0
SPT (min) 375.5+71.5 370.7+£23.1 354.7+36.5
TST (min) 354.1+64.3 352.6+20.8 335.6+35.2
Sleep latency (min) 9.6+7.3 8.7+6.4 6.3+39
Sleep efficiency (%) 91.1+29 92.2+2.6 92.1+2.6
Wake after sleep onset 21.2+8.6 159+6.0 183+5.7

(min)

Values are means + SD

EW periocular cutaneous warming; CW posterior cervical cutaneous

warming

and wake after sleep onset did not differ between the EW
and control conditions, or between the CW and control
conditions.

Table 2 summarizes subjective sleep status upon awak-
ening for the control, EW and CW conditions. Subjective
refreshment, sleep initiation and sleep quality were signifi-
cantly better for EW than for control conditions (Wilcoxon
signed-rank test). Restfulness, subjective refreshment and
sleep quality were significantly better for CW than for con-
trol conditions (Wilcoxon signed-rank test).

EEG measurement

Sleep EEG profiles for a representative subject are shown in
Fig. 3. It was noted that the deep non-REM sleep stage and
delta power in the first third of the sleep episodes were more
marked under EW and CW conditions than under control
conditions. Power densities obtained by EEG spectral analy-
ses under control, EW and CW conditions were presented
with respect to progression during the night (Table 3). In
the first 90-min period, delta, theta and alpha power densi-
ties were significantly enhanced under EW conditions than
under control conditions, while under CW conditions only

Table 2 Subjective sleep score

in the morning

(A)

Control EW P Ccw P
Feeling of restfulness (mm) (0: poor; 100: good) 47.1+18.0 533+15.1 ns 62.3+£82 0.025
Feeling of being refreshed (mm) (0: poor; 100: good) 39.2+16.2 53.8+19.4 0.025 56.8+7.7 0.017
Sleep initiation (mm) (0: poor; 100: good) 46.8+20.2 72.0+11.3 0.012 61.8+21.3 ns
Recovery from fatigue (mm) (0: low; 100: high) 47.6+10.7 53.7+14.8 ns 53.1£6.5 ns
Sleep quality (mm) (0: low; 100: high) 38.8+14.0 57.2+16.8 0.025 59.3+11.4 0.017

Values are means + SD. Comparisons performed relative to control (Wilcoxon signed rank test)

EW periocular cutaneous warming; CW posterior cervical cutaneous warming
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Table3 Sleep EEG frequency EEG band Control (WV¥min)  EW (uV¥min) P CW (WW¥min) P
power in each period between
control and EW or CW First 90-min period
conditions Delta power 2031 +885 2538+£857 0025 24184772 0.036
Theta power 353+100 406+99 0.025 368 +94 n.s
Alpha power 183+78 211+87 0.025 175+55 n.s
Sigma power 87+43 73+42 n.s 82+29 n.s
Beta power 52+31 57+36 n.s 43+23 n.s
Second 90-min period
Delta power 1120+363 1018 +375 n.s 1076 +272 n.s
Theta power 249+79 290+101 n.s 255+76 n.s
Alpha power 142+51 161+71 n.s 143 +65 n.s
Sigma power 73+37 69 +43 n.s 68 +28 n.s
Beta power 55+27 49+36 n.s 41423 n.s
Third 90-min period
Delta power 1890+739 2003 +775 n.s 1826 +635 n.s
Theta power 320+129 374+ 166 n.s 306+88 n.s
Alpha power 163+71 185+93 n.s 153 +61 n.s
Sigma power 66 +34 62+43 n.s 70+32 n.s
Beta power 50+26 55+43 n.s 42 +£26 n.s
Total
Delta power 1716 +457 1858 +534 n.s 1778 +443 n.s
Theta power 328+102 357+120 0.025 323+85 n.s
Alpha power 178+70 194+ 84 n.s 168+67 n.s
Sigma power 79+33 82+49 n.s 77+31 n.s
Beta power 57+27 68 +42 n.s 45425 n.s

Values are means + SD. Comparisons performed relative to control (Wilcoxon signed rank test)

EW periocular cutaneous warming; CW posterior cervical cutaneous warming

the delta power density was enhanced relative to the control
(Wilcoxon signed-rank test). In the second and third 90-min
periods, none of the power densities for the 5 frequency
bands (delta, theta, alpha, sigma, and beta) differed between
EW and control conditions, or between CW and control con-
ditions. The enhancements of delta power density in the first
90-min period are summarized in Fig. 4.

Discussion

In the present study, warming of the bilateral periocular
or posterior cervical skin before bedtime improved sleep
subjectively and objectively in subjects having occasional
difficulty falling asleep but without daytime consequences.
Improvements in subjective refreshment and sleep quality
were observed after either of these warming conditions.
Subjective improvement in sleep initiation occurred after
periocular cutaneous warming, while subjective improve-
ment of restfulness occurred after posterior cervical cutane-
ous warming. Using the power density obtained from EEG
spectral analyses as an objective sleep measure, we found
that delta power in the first third of the sleep episodes was
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Fig.4 Delta power density in the first 90-min period. Scatterplot
of delta power density in the first 90-min period in each condition.
Individual data are shown. Values are means + SD. Comparisons per-
formed relative to control (Wilcoxon signed rank test). EW periocular
cutaneous warming; CW posterior cervical cutaneous warming
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increased by both warming conditions. The present findings
are the first to demonstrate that appropriate cutaneous warm-
ing of the periocular or posterior cervical region at around
40 °C improves sleep both subjectively and objectively.

There have been several reports on the effects of passive
body heating on subjective and objective sleep. Studies using
a variety of bathing conditions have suggested that bathing
at an appropriate temperature (41 +0.5 °C) for 30 min before
bedtime improves subjective sleep and increases slow wave
sleep in the first sleep cycle [9, 10]. Both subjective and
objective changes after passive body heating are likely to
be related to sleep consolidation. Furthermore, warming of
the hand or foot, being a more localized form of cutaneous
temperature manipulation than bathing, has been reported
to improve sleep in a similar manner [11, 12]. These effects
of general or partial body heating in the previous studies
seem to be comparable to the findings obtained in the pre-
sent study.

Many studies have shown that appropriate warming of
the skin on various parts of the human body at around 40 °C
elicits a subjective feeling of comfort and/or relaxation [16,
20-22]. Some of these studies [13, 16, 17] conducted a
simultaneous autonomic nervous system evaluation based
on heart rate variability and found that periocular or cervical
cutaneous warming reduced sympathetic and increased para-
sympathetic nerve activity, leading to potential reduction of
somatic arousal. In this regard, the improved sleep observed
in the present study after warming of the periocular or pos-
terior cervical skin may be interpreted as a consequence of
psychophysiological relaxation.

The effects of cutaneous warming on sleep in the pre-
sent study may be also interpreted as a direct effect on body
temperature. Delta power during sleep has been used as an
objective marker of sleep consolidation, which is achieved
by homeostatic elevation of sleep pressure [23]. Many
studies have reported that various degrees of sleep dep-
rivation increased delta power in the recovery night [24].
Anders et al. reported that the increase of delta power in the
early hours of natural nocturnal sleep was associated with
decrease of core body temperature [25]. Most experimen-
tal studies have indicated that the increase of delta power
in the first few hours of nocturnal sleep is associated with
the decline of core body temperature [26], while associa-
tion between delta power and core body temperature in the
middle or late hours of nocturnal sleep was not clearly dem-
onstrated. The mechanism linking cutaneous temperature
manipulation and sleep in first few hours after sleep onset
may be promotion of heat dissipation and a reduction of core
body temperature following changes in cutaneous tempera-
ture [27]. In the present study, we used a disposable heat-
and steam-generating sheet that safely and easily warmed the
skin of the periocular or posterior cervical region. Although
we did not evaluate the core body or cutaneous temperature,

@ Springer

it is possible to postulate that delta power was increased and
subjective sleep status may have been improved through a
similar mechanism, as a decrease of core body temperature
due to heat loss in early hours of sleep has been reported in
previous studies. Since the two areas which were used in
EW and CW in the present study are anatomically close to
the brain, the potential effects of direct warming of the brain
through adjacent tissues could be considered as those dem-
onstrated in animal studies [27-29]. However, we assumed
that such effects were not likely in the present study because
cutaneous temperature under the EWD and CWD was con-
trolled around 40 °C even after the warming period of 10
and 30 min, respectively.

There were several limitations to the present study. The
participants belonged to Kao Corporation, which held Per-
sonal Health Care Laboratory, the affiliation of three of the
authors. Therefore, there could have been potential biases
on the subjective measures of the study, while the main
findings of the study were obtained from the spectral EEG
analyses, which did not seem to be biased by the social char-
acteristics of the participants. The experiments were carried
out under home conditions, while participants maintained
their habitual sleep-wake schedule and sleep environment.
Therefore, potential confounding factors, such as room tem-
perature, humidity, illumination and noise level, individual
preference for environmental conditions (i.e., preference for
hot or cold environment), were not completely controlled.
Further investigation will be necessary to clarify the effects
of periocular cutaneous warming and posterior cervical
cutaneous warming under various environmental conditions.
A multi-channel EEG device was usually used to collect
EEG data for the entire night. For these data, sleep stages
were determined visually according to the standard criteria.
However, a single-channel portable EEG device was used,
and EEG measurements were performed by the participants
themselves. Therefore the EEG region might have been a
confounding factor that changed the delta power density.

Conclusion

This study has shown that the warming of the periocular
or posterior cervical skin at around 40 °C before bedtime
improved subjective refreshment and sleep quality in sub-
jects having occasional difficulty falling asleep but without
daytime consequences. The objective EEG delta power den-
sity in the first 90 min of the sleep episode was significantly
increased under both warming conditions relative to the
control. These results suggest that warming of appropriate
cutaneous regions may have favorable effects on subjective
and objective sleep quality.
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