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Figure 2. Time course of grand averaged oxygenated hemoglobin (oxy-Hb) concentration changes during 10-s time production
trial in the left anterior prefrontal (LAPFC) (n = 14). Comparison of oxy-Hb concentration changes between the SC (green line) and the SD (red
line) conditions on (A) day 1 and (B) day 2 in the LAPFC (chs.17, 21, 22). Scores of 0, 11 and 27 below the waveform box indicate the onset of the trial,
the end of the trial, and the finish of the post-trial rest, respectively. Oxy-Hb changes are given as z-scores. Any significant differences in oxy-Hb
concentration changes between the SC and the SD conditions in the right hemisphere except for in the left hemisphere are not observed on day 2.
Marked differences in oxy-Hb concentration changes between conditions are observed in the LAPFC on day 2.

doi:10.1371/journal.pone.0008395.g002

control of the false discovery rate; FDR)]. Each channel in the
ROI also showed a significant difference [ch.22; {1,13)=3.066,
£=0.009 (p<<0.0125: FDR); ch.17: £1,13)=2.872, p=0.013
(p<<0.025: FDR)] or trend [ch.21: £1,13)=2.007, p=0.066
(p<<0.05: FDR)]. A significant positive correlation was observed
between produced time and change in oxy-Hb concentration in
the overall ROI on day 2 in the SD condition [r= 0.535, p= 0.049;
Fig. 3B].

Discussion

Sleep is believed to be a neural state during which both
consolidation of memories and homeostatic preservations are
taking place [41—44]. Sleep deprivation, even for the course of an
extended active period of the day, eliminates these effects, and
possibly results in a deterioration in cognitive activity [13,30,45].

The present study demonstrated that sleep deprivation
modulates short-time perception behavior, as was suggested by
carlier studies [27,30]. It has been shown previously that a short-
time perception profile exhibits diurnal variation, reaching a peak
(the longest produced time) around 09:00 and a nadir (the shortest
produced time) around 21:00 with a regular sleep-wake cycle
under experimental conditions [13]. Here, we measured produced
time around both these expected peak and nadir periods in order
to obtain approximate peak-to-peak amplitude of the diurnal
variation of short-time perception. As a result, we found that the
produced time at 09:00 was significantly attenuated after sleep
deprivation compared with that after physiological sleep. It was
unlikely that the alteration in properties of time perception after
sleep deprivation was caused by circadian phase shifting (different
peak times) of short-time perception rhythms between the SC and
SD sessions because all participants were exposed to similar time
cues such as dim light (<100 lux) and prohibited from physical
exercise throughout the experiments, and the produced time levels
around 21:00 were in fact identical between the two sessions. This
seems to indicate that sleep deprivation per se modulated short-
time perception. Given that produced time represents the rate of
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the biological stopwatch-like system [1], the attenuation of
produced time observed on day 2 in the SD condition might be
associated with the stopwatch-like system that runs faster [13].

A functional correlation of increased activation of the LAPFC
after sleep deprivation with short-time perception behavior was
observed in the present study, although unlike in previous studies,
we failed to detect any significant changes in right PFC activity
[8,9,14,15]. This discrepancy in the localized PFC activation
findings between the present and previous studies is possibly
attributable to experimental settings, tasks used and imaging
modalities [9,14,24,46]. It has also been argued that increased
activation of the PFC after sleep deprivation is associated with
neural compensation for cognitive function [36,38,47], and the
LAPFC activity observed in the present study should also be
argued in the context of neural compensation: the LAPFC activity
likely contributed to the third decision stage of temporal judgment
in the three-stage model [9], with adaptive neural activity in the
SD condition, although the produced time on day 2 in the SD
condition was different from that in the SC condition.

It remains open as to whether or not a subcortical network
including the cerebellum and the basal ganglia, assumed to be
associated with timing processing, contributes to attenuating the
diurnal fluctuation of short-time perception. Sustained wakefulness
affects dopaminergic neuronal activity related with cognitive
function as well as temporal function [48-50]. If alteration of
subcortical activities might be caused by sleep deprivation,
attenuation of short-time perception probably reflects subcortical
vulnerability, and the change in PFC activity is possibly a by-
product. Further studies are warranted to elucidate the processes
involved.

As has been reported, short-time perception is modulated by
affective states [51], an intense fever [52,53] and psychotic
disorders [54,55]. Diurnal variation of short-time perception
associated with the rest-activity cycle is expedient for adapting in
daily life, similarly to the vegetative functions in blood circulation
[56], aspiration [57], assimilation [58] or incretion [59,60]. These
functions robustly synchronize to diurnal variation oscillated by a
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Figure 3. Change in hemodynamic response and functional
correlation in prefrontal cortex (PFC) activity after sleep
deprivation. (A) Topographic image representing increased activation
in the PFC on day 2 in the SD condition (n=14). The image is
constructed by using subtracted values between the SC and the SD
conditions (SD minus SC). The area of dotted white circles emphasizes
the left anterior PFC (LAPFC) including chs. 17, 21 and 22 for region of
interest (RO!) analysis. (B) Correlation between normalized produced
intervals and oxy-Hb concentration changes in the LAPFC ROl on day 2
in the SD condition (n = 14). Functional connectivity in changes of short-
time perception with LAPFC activity under sustained wakefulness is
suggested by a correlation coefficient (r) of 0.535 with statistical
significance (p<0.05).

doi:10.1371/journal.pone.0008395.g003

circadian pacemaker, and simultaneously prepare for desynchro-
nization from diurnal variation under stressful conditions.
Temporarily collapsing the diurnal variation of short-time
perception may be an important function for surviving a crisis,
such as in a situation with an acute emergency. Time perception in
humans, as well as in other organisms, should be fundamentally
synchronized to the physical state for constant adaptation to daily
lifestyle regularity. However, once we are placed under stress, time
perception must desynchronize from regular physical homeostasis
and be shortened enabling time expansion and assumedly allowing
us to adopt suitable strategies for coping with a stressful
environment by doing or thinking of things more rapidly. Serious
consideration of an adaptive nature of the human PFC function
{61,62] suggests that the PFC might play a switch-like role in
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short-time perception as a situation demands, to meet the
demands for adaptation.

Materials and Methods

Participants

Eighteen healthy right-handed males (mean age 22.4 yr; range
20-28 yr) participated in laboratory-based experiments in a 4-day
protocol. A psychiatrist conducted a medical examination to
confirm that none of the participants had a history of neurological
or psychiatric disorder or abused psychoactive drugs. Participants
were asked to avoid intake of caffeine, nicotine and alcohol for one
week prior to and during the experiment. For one week before the
experiment, they were also required to keep a regular sleep-wake
habit in which they slept from around 00:00 and awoke at around
08:00, as confirmed by a sleep log and an activity recorder
(Actiwatch-L, Mini-Mitter Co., Inc. Bend, OR). The mean
habitual sleep duration was 6.5x0.1 h, and habitual sleep onset
and wake times were 00:34200:13 and 07:22+00:10, respectively.
All procedures for the study were carried out in accordance with
the principles outlined in the Declaration of Helsinki. The
experimental protocol was approved by the ethics committee of
the National Center of Neurclogy and Psychiatry, Japan. All
participants gave written informed consent to take part in the
study.

Experimental Protocol

All participants performed a 10-s TP task in the SC and SD
conditions, scheduled in random order with a l-day interval
(Fig. 4). On the first day (day 1) in both the SC and SD conditions,
participants arrived at the laboratory at about 18:00. {NIRS probe
and optodes were attached to the surface of the scalp
approximately one hour before the start of the TP session (at
20:00). The session, which lasted approximately 15 min, generally
started around 21:00-22:00. After the end of the session, in the SC
condition, the participants rested without sleep and exercise until
00:00 and then stayed in bed under complete darkness (<0.1 lux)
until 08:00 on the second day (day 2). In contrast, in the SD
condition, participants were asked to stay awake quietly under
room light (100 lux) until 08:00 the next morning. During the
nighttime period of enforced wakefulness, researchers monitored
the participants’ status via a video monitoring system. On day 2,
the TP session started again around 09:00-10:00. All the
experiments were performed at the time isolation facility of the
National Center of Neurology and Psychiatry. The ambient
temperature and humidity in the time isolation facility were
maintained at 24.0£0.5°C and 60.0:5%, respectively, and
temporal information was not provided to participants throughout
the experimental schedule,

Time Production Task

TP tasks were arranged in an event-related design for detecting
the hemodynamic response for a single trial. It has been confirmed
that output of the task shows diurnal variation correlated with core
body temperature or melatonin under a constant condition
[7,13,26,28]. It shortens from morning into night, and is
prolonged again from night to the next morning [7,13,
26,29].0n the basis of our previous findings [26,27], TP sessions
in the present study were conducted between 21:00-22:00 on day
1 and 09:00-10:00 on day 2, corresponding to the expected nadir
and the peak periods of the diurnal variation of TP in the present
participants with a regular sleep-wake cycle, respectively.

Each TP session consisted of 15 trials. The inter-trial interval
was about 30 s. Participants were asked to produce a 10-s interval
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Figure 4. Experimental protocol. Time production sessions (TPS) were conducted twice at around 21:00 on day 1 and about 09:00 on day 2 in the
sleep-controlled (SC) and the sleep-deprived (SD) settings. The two conditions were randomly scheduled with a 1-day interval. Each TPS included 15
trials, each of which participants started and ended with their own button presses. Functional near-infrared spectroscopy (fNIRS) data were recorded

continuously through the sessions,
doi:10.1371/journal.pone.0008395.g004

and to begin and end ecach trial by pressing a key button [13].
Duration from the first to the second button presses was counted
as the produced time. Participants were given no feedback about
accuracy in the trials.

fNIRS Data Acquisition

Regional hemodynamic changes in brain tissue were monitored
throughout the TP sessions by a continuous wave-type fNIRS
system (OMM3000; Shimazu Co., Tokyo, Japan), which outputs
near-infrared light at three wavelengths (780, 805 and 830 nm).
All transmitted intensities of the three wavelengths were recorded
every 130 ms at 22 channels in order to estimate concentration
changes in oxy-Hb, deoxygenated hemoglobin and total hemo-
globin, on the basis of the modified Beer-Lambert equation as a
function of light absorbance of Hb and pathlength. A 3x5 optode
probe was utilized, in which light detectors and emitters were
alternately positioned at an equal distance of 3 cm, Based on the
international 10-20 system [63], the lower central edge of each
probe was suited above Fpz, along the reference curve of T3 - Fpz
- T4. The 22 channels (see Fig. 5) probably covered the middle
and superior PFC regions (BA9, 46, 10) [64].

fNIRS Data Analysis

Oxy-Hb data was chosen to examine event-related response in
the PFC since it is an optimal index for changes of regional cerebral
blood flow [65]. Data from 4 participants who were recruited to the
experiment in the early stage were excluded from fNIRS analyses
because they were monitored with a distinct optode probe. We
applied a high-pass filter to raw data, re-sampled at 10 Hz, using
the low-cutoff frequency of 0.05 Hz. Smoothing was performed by
the moving average method (a boxcar filter) with a sliding time
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window of l.1s. Data were converted into z-scores by the
normalization process [(Xi-M)/SD; where Xi is the value at each
time point, M is the mean of all points and SD is the standard
deviation of all points] [66]. Concentration changes time-locked to
trial onset were extracted from 5 s before to 27 s after the onset,
covering a mean produced time of about 11 s and a mean rest
interval of about 16 s. A total of 15 epochs were obtained for each
experimental day (day 1 or day 2) in each condition (SC or SD).

— reference curve

Figure 5. Approximate positions of 22 channels in fNIRS
superimposed on the 3D head model. The 22 measuring channels
were produced by optodes placed equidistantly over the prefrontal
cortex (PFC) area. The lower line of the 3x5 optode probe was
positioned along the reference curve linking T3, T4 and Fpz.
doi:10.1371/journal.pone.0008395.g005
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Before individual averaging, baselines were corrected with mean z-
scores of 5 s before trial onset. Grand averaged concentration
changes in the LAPFC region, based on statistical analyses, were
superimposed (Fig. 2), and subtracted values were utilized for
reconstructing a topographic image (Fig. 3A).

Statistical Analysis

To examine whether the order of the sleep conditions [SC-SD
(n=7)vs. SD-SC (n = 11)] influenced outcomes of time production
performance, we compared nocturnal sleep duration in both sleep
schedules during the l-day interval between the first and the
second experiments and the sleep duration between the first and
the second TP sessions during the participants’ stay in the
laboratory. We also analyzed the time production data of 18
participants using three-way ANOVA including two within-
subject factors of condition (S8C and SD) and day (day 1 and
day 2), and a between-subject factor of schedule (SC-SD and SD-
SC). If significant interactions were obtained, follow-up ANOVAs
were conducted.

fNIRS data of 14 participants were tested separately for the
lateral and the midline sites by overall ANOVA including within-
subject factors of condition, day, hemisphere (left, right) and
channel [9 chs: left, 1, 2, 5, 6, 10, 14, 15, 19, 20; right (the
corresponding order): 4, 3, 9, 8, 13, 18, 17, 22, 21] for the lateral
site, or factors of condition, day and channel (4 chs: 7, 11, 12, 16)
for the midline area, utilizing mean z-scores of all temporal points
(0-27 ). When the overall ANOVA reached statistical significance
of the interaction coeflicients, planed ANOVAs were subsequently
performed with pooling error terms across the entire analyses, for
the purpose to examine our assumption that sleep deprivation
modulates the PFC activities on the time production trial. If
degrees of freedom exceeded one degree, Greenhouse-Geisser
correction was applied on the basis of the sphericity test.
Depending on the topographic image reconstructed with subtract-
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Study Objectives: The present study was conducted to clarify the
prevalence of non-pharmacological self-management (nPSM) prac-
tices for obtaining good sleep and to identify favorable nPSM prac-
tices that could be applied for reducing excessive daytime sleepiness
(EDS). We analyzed epidemiological data for an authentic representa-
tive sample of the Japanese population.

Methods: Data obtained from 24,686 adults via a self-administered
questionnaire completed in the Active Survey of Health and Welfare
2000 were used for analyses. The prevalence of individual nPSM
practices was calculated by gender. Subsequently, the associations
between such practices and EDS were examined using logistic re-
gression analyses.

Results: “Having a bath” was the most prevalent nPSM practice for
both men (59.0%) and women (64.4%), followed by “maintaining a
regular schedule” {men: 49.0%, women: 58.6%), ‘reading or listening
to music” (men: 43.4%, women: 49.4%), “snacking on food and/or bev-

erages” (men: 36.1%, women: 27.9%), and “exercising” (men: 26.2%,
women: 29.4%). The prevalence of “maintaining a regular schedule’
increased with age. Multiple logistic regression analyses revealed that
having a bath and maintaining a regular schedule had negative as-
sociations with EDS, whereas snacking on food and/or beverages had
a positive association.

Conclusions: Having a bath and maintaining a regular schedule were
identified as favorable nPSM practices for reducing EDS, whereas
snacking on food and/for beverages was considered to be an unfavor-
able nPSM practice.

Keywords: Self-management, sleep, Japan, epidemiology, excessive
daytime sleepiness, prevalence
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leep disturbance is known to be associated with the onset of

mental disorders such as depression. It is also well known
that sleep disturbance is an eventual risk factor for various so-
matic disorders such as diabetes mellitus, obesity, and cardio-
vascular disease.!* In addition, excessive daytime sleepiness
(EDS) resulting from sleep disturbance may lead to industrial
and traffic accidents.®® Thus, in developed countries, employ-
ing pertinent measures to prevent sleep disturbance is widely
recognized as an important issue in promoting industrial hy-
giene and public health.

People in general use various non-pharmacological self-
management (nPSM) strategies to obtain good sleep. However,
most previous studies have focused on so-called pharmacologi-
cal management practices such as the use of alcohol or hypnot-
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ic medications, and many epidemiological findings regarding
such practices have been reported. For example, a study in the
US reported that the prevalence of using hypnotic medications
to improve the quality and quantity of sleep ranged from 10%
to 18%, while that of consuming alcohol ranged from 10% to
13%, with the use of hypnotic medications being more preva-
lent among women and the consumption of alcoholic bever-
ages more prevalent among men.® A study in Japan obtained
similar findings with respect to the use of hypnotics (women:
5.9%, men: 4.3%),!° and to the larger proportion of men con-
suming alcoholic beverages to induce sleep one or more times
a week compared to women (48.3% and 18.3%, respectively).'®
Although physiological data associated with nPSM practices
such as exercising, having a bath, reading, or snacking on food
and/or beverages have been reported, few findings of epidemio-
logical studies are available. In a survey of self-management
practices employed by Americans to obtain sleep, Ancoli-Is-
rael et al. found that the prevalence of exercising was higher
among non-insomniacs than among insomniacs.” Morin et al.
conducted a similar study of Americans and reported that the
prevalence of reading was the highest, followed by listening
to music."" However, no epidemiological study of nPSM prac-
tices for obtaining good sleep has been conducted in any Asian



country to date. Therefore, in this study, we examined nPSM
practices employed by the Japanese by examining data from an
authentic, substantially large, representative sample of the Jap-
anese population. We also analyzed the associations between
each nPSM practice and EDS in order to identify those nPSM
practices reported to be most effective.

METHODS
Selection of Participants

The present study was part of a national survey (Active Sur-
vey of Health and Welfare) organized by the Statistics and In-
formation Department of the Ministry of Health, Labour and
Welfare of Japan. This national survey was planned in order to
collect basic information on health and welfare, and included
questions concerning symptoms of depression and sleep. The
survey was conducted through health centers across Japan.

The survey was administered to subjects from 300 census
precincts in Japan selected randomly from among some 824,000
precincts, which had been apportioned for equal population
size. Each census precinct was numbered from north to south,
and 300 precincts were selected by choosing precinct numbers
at certain intervals. As a result, the sample represented the en-
tire country. A health center with jurisdiction for each precinct
was designated. Investigators sent by these health centers visit-
ed all households to distribute the questionnaires, and collected
them a few days later. The survey targets were all individuals
aged 12 years or older in the 300 sampled precincts. The survey
was conducted simultaneously throughout Japan in June 2000.
Oral informed consent was obtained from the participants, and
their privacy was protected in accordance with Declaration of
Helsinki guidelines.

Measures

A self-administered questionnaire was devised by 2 of the
authors (M.U. and T.O.) together with an appropriate official
of the Ministry of Health, Labour and Welfare. The question-
naire comprised 44 items, including items on (1) sociodemo-
graphic information such as age, gender, and community size;
(2) general health status; (3) physical and psychological com-
plaints; (4) information on mental stress; and (5) sleep habits
and sleep problems, as well as (6) the Japanese version of the
Center for Epidemiologic Studies Depression Scale (CES-D).
The CES-D, which is a 20-item inventory designed specifi-
cally to assess symptoms of depression in the general popula-
tion, was used to screen for current depressive states during
the one week leading up to the survey. This questionnaire is
adequately reliable and valid for use in a general population.
The CES-D yields an item score (range, 0-3) and the sum of
the 20-item scores (range 0-60). Higher scores indicate in-
creasing severity of depressive symptoms. Although this scale
is designed to screen, but not diagnose, major depression,
a score > 16 is highly suggestive of depressive symptoms.
Shima et al. developed the Japanese version of the CES-D,
examined its reliability and validity, and recommended that
the cut-off point be set at 16, as is the case for the American
version of the CES-D. 1?
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The following questions regarding sleep experienced during
the previous month (listed here followed by the variables they
targeted) were embedded in the questionnaire:

Question: Did you indulge in any of the following practices

in the past month in order to sleep efficiently?

(1) Iconsumed alcoholic beverages. [1 = No; 2 = 1-2 times a
month; 3 = 1-2 times a week; 4 = 3 or more times a week]

(2) Tused medications such as hypnotic drugs. [I =No; 2 = 1-2
times a month; 3 = 1-2 times a week, 4 =3 or more times a
week]

(3) I'snacked on food and/or beverages. [1 = No; 2 = Yes]

(4) I performed light exercise. [1. No, 2. Yes]

(5) Ihadabath. [1. No, 2. Yes]

(6) 1read or listened to music, [1. No, 2. Yes]

(7) Itried to maintain a regular schedule. [1. No, 2. Yes]

With regard to (1) and (2), participants who consumed alco-
hol and who used medications one or more times a week were
categorized as participants who “consumed alcohol” and “used
medication,” respectively.

With regard to sleep duration, we posed the question, “What
was your average sleep duration per night?” Those who an-
swered “less than 6 hours™ were categorized as participants
with “short sleep duration.”

For subjective sleep insufficiency, participants were asked
to respond to the question, “Have you had sufficiently restful
sleep?” by selecting one of the following 4 options: “Sufficient,”
“Fairly sufficient,” “Rather insufficient,” and “Completely in-
sufficient.” Those who selected the latter 2 options were catego-
rized as participants with “subjective insufficient sleep™.

For excessive daytime sleepiness, we posed the question,
“Have you experienced any difficulty in staying awake at times
when you should not fall asleep (e.g., while you are driving)?”
Those who responded affirmatively were classed as participants
with “excessive daytime sleepiness.”

Statistical Analyses

Questionnaires were returned by 32,729 participants. The
Ministry of Health, Labour and Welfare did not publish the
number of residences contacted in the target communities, and
therefore the return rate could not be calculated. However, the
collection rates of similar investigations carried out 3, 4, and 6
years previously were 87.1%, 89.6%, and 87.3%, respectively.
It can be assumed that since the present study was performed
using similar methods, the collection rate is likely to have been
similar to the previous investigations. The Minister of Health,
Labour and Welfare granted permission for us to use the survey
data. Before analysis, 707 participants who submitted blank an-
swer forms were excluded from the study. Participants under 20
years of age (N = 3086) were also excluded since this study was
aimed at adults. In addition, participants who had not responded
to the questions on gender and/or age were excluded (N = 222),
as were participants who omitted 6 or more answers on the
CES-D (N =4028). Thus, data for a total of 24,686 participants
(11,752 men and 12,934 women) were analyzed statistically.

For statistical analysis, the prevalence of each nPSM practice
(snacking on food and/or beverages, exercising, having a bath,
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reading or listening to music, and maintaining a regular schedule)
used as a sleep aid was calculated by gender and by age class.
The significance of the categorical data, such as the prevalence
of each nPSM strategy used as a sleep aid, was analyzed using
the ¢ test. Finally, logistic regression analyses were conducted to
examine the factors associated with EDS by using 4 models with
different adjustment factors. Model 1 was nonadjustable. Model
2 was adjustable, using gender, age class, place of residence, and
severity of depression as covariates. In Model 3, short sleep dura-
tion and subjective insufficient sleep were added to the covariates
of Model 2. In Model 4, consumption of alcohol and use of medi-
cation were further added to the covariates of Model 3.

Odds ratios were calculated from the univariate and multi-
variate logistic regression analyses with 95% confidence inter-
vals. All analyses were performed using SPSS 12.0 for Win-
dows (SPSS Inc., Chicago, IL)

RESULTS
Characteristics of the Participants
The demographic characteristics of the total 24,686 partici-
pants are shown in Table l. Although the percentages of the
men and women aged 70 years or older are slightly lower than
those revealed by the census, the percentages of other groups
are similar.

Prevalence of Non-pharmacological Self-management Practices ‘

The prevalence of each of the 5 nPSM practices classi-
fied by gender is shown in Table 2; the prevalence of “hav-

Table 1—Demographic Characteristics of Analyzed Subjects in a
Sample of the Japanese Adult General Population (N = 24,686)

Percentage in Age Group

Data Set 20-29y 30-39y 40-49y 50-59y 60-69y 70+y
Present study
Male 18 18 19 21 15 9
(N =11,752)
Female 18 18 18 20 14 12
(N =12,934)
Census
Male 19 18 17 20 15 12
Female 17 16 16 19 15 17

*Data for both the present study and the census were obtained in
2000.

ing a bath” was highest among both men (59.0%) and women
(64.4%), followed by “maintaining a regular schedule” (men:
49.0%, women: 58.6%), “reading or listening to music” (men:
43.4%, women: 49.4%), “snacking on food and/or beverages”
(men: 36.1%, women: 27.9%) and “exercising” (men: 26.2%,
women: 29.4%). For all the nPSM practices, age-related dif-
ferences were identified among both men and women (p <
0.001). In particular, the prevalence of maintaining a regular
schedule increased with age, with respective prevalence in
men and women in their 20s at 35.6% and 46.1% compared
with that in men and women in their 70s at 68.1% and 69.8%.
In terms of gender-based differences, the prevalence of snack-
ing on food and/or beverages was significantly higher among
men than women (p < 0.001). However, the prevalences of
other nPSM practices were significantly higher among women
than men (p < 0.001).

Table 2—Non-Pharmacological Self-Management by Gender and Age Expressed as Percentage

Age,y N Snacking on food  Exercising,% Having a Reading or listening Maintaining a
and/or beverage,% bath,% to music,% regular schedule,%
Male
20-29 2151 35.8 26.1 50.7 55.5 35.6
30-39 2157 36.5 21.0 50.1 419 383
40-49 2251 39.6 252 589 37.7 49.1
50-59 2468 40.4 29.4 69.5 403 59.3
60-69 1712 29.8 31.8 69.1 39.2 64.3
70+ 1013 23.0 27.6 66.4 40.0 68.1
Total 11752 36.1 26.2 59.0 43.4 49.0
Sig.1 ¥ =69.07* ¥ =45.84* y = 229.35% = 141.36* 1 =431.76*
Female
20-29 2329 28.8 26.7 56.7 56.5 46.1
30-39 2362 293 254 559 47.0 53.5
40-49 2368 314 309 69.4 50.0 61.0
50-59 2592 29.2 348 74.9 50.0 66.4
60-69 1766 211 374 68.9 49.7 65.8
70+ 1517 20.2 233 64.5 354 69.8
Total 12934 279 294 64.4 494 58.6
Sig.1 ¢ = 58.69* ¢ = 87.67* ¥ =220.92* ¢ =113.49* o =260.20*
Sig.2 ¥ =127.85*% ©r=21.77* i =52.75*% ¥ =60.65* ¢ =160.15%

Sig.1: * test, 2 (Each non-pharmacological self-management-Yes or No; Snacking on food and/or beverage, Exercising, Having a bath, Read-
ing or listening to music and Maintaining a regular schedule) x 6 (age effect; 20-29, 30-39, 40-49, 50-59, 60-69, 70-+)

Sig.2: o test, 2 (Each non-pharmacological self-management-Yes or No; Snacking on food and/or beverage, Exercising, Having a bath, Read-
ing or listening to music and Maintaining a regular schedule) x 2 (gender effect; male, female)

*p <0.001
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Table 3—Logistic Regression Results for Prediction of Excessive Daytime Sleepiness (EDS)Among the General Adult Population (N = 24,686)

Model 1 Model 2 Model 3 Model 4
Prevalence Crude 95% P-value Adjusted 95%  P-value Adjusted 95%  P-value Adjusted  95% P-value
of EDS (%) OR CI OR Cl1 OR Cl OR CI
Snacking on food and/or beverage
No 2.7
Yes 4.0 .50  1.26-1.80 <0.01 1.36 1.11-1.67 <0.01 1.34 1.09-1.65 0.01 142 1.15-1.76 <0.01
Exercising
No 3.1
Yes 3.1 1.00  0.82-1.21 0.96 1.08 0.86-1.37 1.11 0.88-141 037 ILI5  090-145 0.26
Having a bath
No 3.6
Yes 28 0.77  0.65-0.92 <0.01 0.76 0.61-0.94 0.75 0.61-0.93 0.01 076  0.61-0.95 0.01
Reading or listening to music
No 29
Yes 34 120 1.01-1.42 0.04 1.17 0.95-1.44 1.13 0.92-139 024 112 091-138 0.28
Maintaining a regular schedule
No 4.0
Yes 22 054 0.45-0.64 <001 0.62 0.51-0.77 <0.01 0.71 0.57-0.88 <0.01 071 0.57-0.88 <0.01

Other Adjustment factors
Model 1: non-adjustment.
Model 2: sex, age, size of community and depression status.

Model 3: sex, age, size of community, depressive status, short sleep duration and subjective insufficient sleep.
Model 4: sex, age, size of community, depressive status, short sleep duration, subjective insufficient sleep, alcohol use and hypnotic medica-

tion use.
OR: odds ratio
CI: confidence interval

Logistic Regression Analyses

The results of the logistic regression analyses are shown in
Table 3. In Model 1, snacking on food and/or beverages and
reading or listening to music showed significant positive asso-
ciations with EDS. In contrast, having a bath and maintaining a
regular schedule showed significant negative associations with
EDS. In Models 2-4, reading or listening to music showed no
association with EDS, and snacking on food and/or beverages
showed a positive association, while having a bath and main-
taining a regular schedule showed negative associations with
EDS.

DISCUSSION

In the present study, we examined the prevalence of nPSM
practices to obtain good sleep and the associations between
each nPSM practice and EDS. This study was of epidemiologi-
cal significance in that the participants were randomly selected
from a nationwide population and the sample size was large.
In effect, the age structure of the participants (shown in Table
1) was very close to that found in the national census, which
had been conducted during the same period. This indicates that
the study population represents the general population of Japan.
To our knowledge, no similar epidemiological study has been
reported to date.

Among the nPSM practices examined in this study, the prev-
alence of having a bath was highest among both men and wom-
en, followed by maintaining a regular schedule. In the U.S.,
Ancoli-Israel et al. found that the prevalence of exercising was
highest (75%) among three nPSM practices in subjects with-
out sleep disturbance, followed by reading (9%) and relaxing.’®
The survey of Morin et al. of the general population in Canada
demonstrated that among reading, receiving acupuncture, get-

Journal of Clinical Sleep Medicine, Vol.3, No. 5, 2009

ting a massage, relaxing, and listening to music, the prevalence
of reading was highest (32.5%), followed by listening to mu-
sic (25.2%)."" In the present study, exercising and reading were
included among the choices of nPSM practices, although the
prevalence of exercising (approximately 30%) was the lowest
among the 5 practices. Exercising and reading were actively
adopted as self-management practices for sleeping by partici-
pants in studies conducted outside Japan, and thus the selec-
tion of self-management practices for sleep appear to differ
across countries. The practice of having a bath, the prevalence
of which was the highest in the present study, was not an identi-
fied practice in the previous studies outside Japan. This may be
attributable to the unique habit of the Japanese taking a nightly
hot bath.

In the present study, the prevalence of maintaining a regular
schedule increased with age, the highest prevalence being evi-
dent among participants in their 70s. This result coincides with
those of previous studies conducted in the US.!* It is inferred
that with age, people tend to become more health conscious and
prefer a good sleep at night and lively daytime activities.

In this study, we attempted to classify the examined nPSM
practices into favorable and unfavorable types by calculating
the odds ratios with regard to EDS. Given our findings, we pro-
pose the theory that by employing an nPSM practice showing
a statistically and significantly low odds ratio with regard to
EDS, a night-sleep problem could be resolved, in turn lead-
ing to a decrease in EDS. Moreover, we considered that such a
practice would be a favorable one. Conversely, we considered
an nPSM practice showing a significantly high odds ratio with
regard to EDS could lead to a higher possibility of EDS, and
hence would be an unfavorable nPSM. However, there may be
cases where a person with a sleep disorder might employ an
nPSM practice to prevent EDS, but not benefit from it. In such
a scenario, the sleep disorder would be a confounding factor
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affecting the association between the nPSM practice and EDS.
Furthermore, there may be other confounding factors besides
sleep. Therefore, in this study, several logistic regression mod-
els were set up for inputting various covariates, including sleep
duration and subjective sleep insufficiency, to adjust for the
possible confounding factors. Despite this attempt, causal re-
lationships can not be thoroughly discussed because this study
was cross-sectional; however, since this study was conducted
with an authentic, representative sample of the Japanese popu-
lation, the results obtained may be beneficial for the design of
future public health measures for achieving good sleep.

In relation to the above-mentioned theory, the results indi-
cate that having a bath and maintaining a regular schedule are
favorable nPSM practices, and that snacking on food and/or
beverages is an unfavorable nPSM practice. These results are
supported by those of other previous physiological studies. It
has been reported that having a bath not only leads to an in-
crease in body temperature, but also stimulates the thermoregu-
latory center, which promotes the lowering of body temperature
and induces slow wave sleep.'>'® Having a bath is also reported
to shorten significantly subjective and objective sleep latency
and wake time after sleep onset, and increase the duration of
slow wave sleep.'”"” A previous study revealed that greater dis-
tal vasodilatation, as indicated by the distal-proximal skin tem-
perature gradient, could predict shorter sleep latency in healthy

subjects.” Moreover, Pache et al. have reported that patients °

with vasospastic syndrome suffer prolonged sleep onset latency
due to impaired capacity for distal vasodilation.”’** Further-
more, it has been reported that subjective sleep sufficiency is
better in individuals when they take a bath before going to bed
than when they do not."” Based on the results of these physi-
ological studies, it is inferred that “having a bath™ is a favorable
nPSM practice that could improve the quality of night sleep and
reduce EDS.

Although it is difficult to define maintaining a regular sched-
ule, this practice would include waking up at a regular time in the
morning, performing specific activities at specific times, and not
staying up late at night. For an individual who has adopted this
practice, the sleep-wakefulness thythm related to daytime activi-
ties and rest at night is maintained. In addition to this sleep-wake-
fulness rhythm, biodynamic rhythms such as autonomic rhythms
(including periodic changes in body temperature and blood pres-
sure) and endocrinological rhythms (including the melatonin and
cortisol secretory cycles) are maintained in an orderly manner?
However, when a person’s schedule is irregular, these biodynam-
ic rhythms are disrupted, ultimately affecting sleep.!>*** Monk
et al. reported that the quality of sleep was lower in individuals
with irregular schedules than in those with regular schedules.'**
Manber et al. also reported that subjects who maintained a regu-
lar daily rhythm for 4 weeks showed improvement in their night
sleep and significant reduction of subjective daytime sleepiness,
as compared with controls who had irregular rhythyms?* The
results of these previous studies are in accord with those of the
present study, in which the odds ratio of maintaining a regular
schedule with regard to EDS was low. Hence, these previous re-
sults support our theory that maintaining a regular schedule is a
favorable nPSM practice.

In this study, we noted a significantly high odds ratio for
snacking on food and/or beverages with regard to EDS, sug-
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gesting that it was an unfavorable nPSM practice. A previous
epidemiological study reported that irregular eating habits and
subjective sleep insufficiency were closely associated,” and
eating before going to bed was reported elsewhere to activate
the digestive system and impede the body and brain from pre-
paring to have a good rest; thus, this practice eventually ham-
pered good sleep.® Therefore, the practice of snacking on food
and/or beverages may actually lead to hampered sleep and con-
sequently induce EDS,

The results of the present study provide suggestions on the
appropriate self-management practices that should be employed
for obtaining good sleep and preventing EDS. Performing such
favorable self-management practices is vital for preventing
various mental and somatic disorders since sleep disturbance is
a risk factor for such disorders. Therefore, the identification of
such favorable and unfavorable self-management practices in
this study will contribute not only to the prevention of EDS, but
also to the planning of public health policies and measures.

This study had a few limitations. First, because the study was
cross-sectional, a causal relationship could not be established.
A follow-up study will be required to verify the results. Second,
excessive sleepiness was evaluated by only one questionnaire
item. In our future studies we plan to use epidemiological tools
such as the Epworth Sleepiness Scale. Third, all data used were
subjective and obtained from a self-administered questionnaire.
Because we preferred data accumulation from a larger num-
ber of participants nationwide, physiological measurements
could not be obtained. However, several studies have reported
that self-reported data on sleeping habits coincide with physi-
ological data to a certain extent.”**® Fourth, due to the limita-
tion of space on our self-administered questionnaire, we could
not adopt the social demographic items of confounding factors
such as marital status, education, occupation, and income, and
these remain the subject for further study.

To conclude, having a bath and maintaining a regular sched-
ule appear to be favorable nPSM practices for obtaining good
sleep, while snacking on food and/or beverages is an unfavor-
able practice, findings which can contribute to the planning of
public health measures with respect to sleep.
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Sleep Findings in Young Adult Patients
with Posttraumatic Stress Disorder

Mitsunari Habukawa, Naohisa Uchimura, Masaharu Maeda, Nozomu Kotorii, and Hisao Maeda

Background: Laboratory sleep studies in posttraumatic stress disorder (PTSD) have not provided consistent evidence of sleep disturbance,
despite apparent sleep complaints. Most of these studies have investigated middle-aged chronic PTSD subjects with a hlgh prevalence of
comorbidities such as substance dependence and/or personality disorder.

Methods: Ten young adult PTSD patients (aged 23.4 * 6.1 years) without comorbidities of substance dependence and/or personality
disorder underwent 2-night polysomnographic recordings. These sleep measures were compared with those of normal control subjects and
were correlated with PTSD symptoms,

Results: Posttraumatic stress disorder patients demonstrated significantly poorer sleep, reduced sleep efficiency caused by increased wake
time after sleep onset, and increased awakening from rapid eye movement (REM) sleep (REM interruption). We found significant positive
correlations between the severity of trauma-related nightmare complaints and the percentage of REM interruption, as well as wake time
after sleep onset.

Conclusions: The results indicate that trauma-related nightmares are an important factor resulting in increased REM interruptions and

wake time after sleep onset in PTSD.

Key Words: Increased wake time after sleep onset, posttraumatic
stress disorder, REM interruption, sleep disturbance, trauma-re-
lated nightmares, young adult sample

posttraumatic stress disorder (PTSD). However, laboratory

sleep studies of PTSD have not provided consistent evidence
of sleep disturbances. Most studies have tested middle-aged
chronic PTSD subjects typically decades after the traumatic
events, except for a handful of studies that were conducted
during the immediate aftermath of trauma (Lavie 2001). There are
likely a number of factors affecting sleep when PTSD persists for
many years. Possible factors considered to explain the discrep-
ancies of objective findings may include differences of 1) the
amount of time since the trauma, 2) the age of subjects, 3) the
source of the trauma, 4) the acuity of the trauma, 5) many
comorbid psychiatric disorders, 6) comorbidities of substance
dependence, and 7) the administration of psychotropic medica-
tions.

Therefore, we investigated young adult and drug-naive or
drug-free PTSD patients without comorbidities of substance
dependence and/or personality disorders, although we could not
exclude patients with concomitant major depressive disorder due
to its high prevalence. We tested polysomnographic recordings
within 1 to 3.5 years after the trauma in these patients and
correlated sleep measures with PTSD symptoms.

I mpaired sleep is a common complaint among patients with

Methods and Materials

Ten PTSD patients were recruited from the inpatient unit and
outpatient clinic in the Department of Neuropsychiatry, Kurume
University Hospital. The diagnoses of all patients were confirmed
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as PTSD according to the Structured Clinical Interview for
DSM-1V (SCID) (American Psychiatric Association 1994) criteria
and by exceeding the cutoff value of 50 for the Clinician-
Administered PTSD Scale (CAPS) (Blake ef al. 1995). Subjects
with comorbidities of substance dependence and/or personality
disorders and those who could not be kept off psychotropic
medication for at least 2 weeks prior to this study were excluded.
Table 1 shows the background of all PTSD patients. Six of 10
patients had never been treated with any psychotropic medica-
tions. Four patients (patients 3, 5, 6, and 8) had been receiving a
selective serotonin reuptake inhibitor (SSRD) or benzodiazepines
and were required to undergo a washout period of at least 2
weeks.

Control data were obtained from 10 age- and sex-matched
healthy subjects. The control subjects were recruited from med-
ical school students and through newspaper advertisements.
Their average age was 24.4 * 9.7 years, which did not signifi-
cantly differ from that of the PTSD patients. All patients and
control subjects were free of physical diseases and other sleep
disorders. Written informed consent was obtained from both
groups.

All subjects underwent 2 consecutive nights of standard
polysomnographic study. They went to bed at their chosen time,
and all woke up naturally without an alarm. The records were
hand-scored in 20-second epochs according to the criteria of
Rechtschaffen and Kales (1968) by a technician blind to the
subject’s identity.

The extracted sleep measures included indices of sleep
initiation and maintenance, sleep architecture, and rapid eye
movement (REM) latency, REM interruption (minutes), percent-
age of REM interruption (%), and REM density. Rapid eye
movement periods were determined according to the recently
reported procedure (Mellman ez a/. 2002). For each REM period,
we determined REM interruptions by summing the intrusive
wake times during the REM period and adding the subsequent
wake time to the last epoch of REM period before emerging to
more than 2 minutes of non-REM sleep. However, if final
awakening was derived from the final REM period, the subse-
quent wake time was not included as REM interruptions. Rapid

BIOL PSYCHIATRY 2007;62:1179-1 182
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Table 1. Background of PTSD Subjects

M. Habukawa et al.

Time Since Concurrent  Trauma-Related Total Score
Case  Age(years) Sex NatureofTrauma Trauma(months) Diagnoses Nightmare in CAPS
1 18 M Sea accident 8 MDD, PD + 96
2 18 M Sea accident 8 MDD - 78
3 19 M Sea accident 21 MDD + 77
4 25 F Vehicle crash MDD + 84
5 36 F Vehicle crash 40 — + 83
6 19 F Vehicle crash 19 MDD + 107
7 23 M Vehicle crash 3 — - 60
8 31 F Vehicle crash 39 MDD + 108
9 25 F Rape survivor 10 MDD, PD + 66
10 23 M Fire accident 4 MDD + 83
Mean 234 154 844
SD 6.1 14.1 174

CAPS, Clinician-Administered PTSD Scale; F, female; M, male; MDD, major depressive disorder; PD, panic disorder;

PTSD, posttraumatic stress disorder.

eye movement interruption was calculated as the sum of REM
interruptions for each REM period and the percentage of
REM interruption was defined as (REM interruption [min)/total
REM time [min) + REM interruptions [min]) X 100. Rapid eye
movement density was determined by calculating the percentage
of 2-second intervals containing at least one horizontal eye
movement.

Sleep measures from the second night in both groups were
compared by Mann-Whitney U test, with .05 as the level of
significance. Furthermore, sleep measures were correlated with
the total score and subscale scores in CAPS by Spearman rank
correlation, with .05 as the level of significance. Multiplicity
controlling experimental-wise p-value was not applied, since the
correlation analysis was performed in an exploratory manner,

Results

The average bedtime of the PTSD subjects (11:01 pm) did not
significantly differ from that of the control subjects (10:56 pm).
Table 2 shows the comparison of sleep data between both
groups. Rapid eye movement interruption and the percentage of
REM interruption in the PTSD group was significantly increased
compared with the control group. The PTSD group demon-

strated significantly reduced sleep efficiency caused by increased
wake time after sleep onset. The percentage of slow-wave sleep
(SWS) in the PTSD group was significantly decreased compared
with the control group. An apnea-hypopnea index in the PTSD
group did not significantly differ from the control group (.93 and
1.23 events per hour).

Table 3 shows the correlations between the total score and
subscale scores in CAPS and polysomnographic data. There were
significant positive correlations between the nightmare score
(Criterion B-2) and the percentage of REM interruption, as well as
wake time after sleep onset (R= .82, p = .0142and R= .71, p =
.0358, respectively). There were significant negative correlations
between the nightmare score (Criterion B-2) and sleep latency. In
addition, there was a significant negative correlation between the
avoidance of stimuli (Criterion C) and total sleep time.

Discussion

The presence of repeated nightmares in PTSD has been
hypothesized as a dysfunction of REM sleep mechanisms (Ross et
al. 1989) and several studies have reported elevated REM sleep
phasic events such as greater REM density and motor activity

Table 2. Comparison of Sleep Data Between PTSD and Control Groups

PTSD Group Control Group

(n=10) (n=10) Analysis
Measurement Mean SD Mean SD p Value
Total Sleep Time (min) 4503 76.0 466.7 724 ns.
Sleep Efficiency (%) 85.5 25 94.9 2.1 0002
Sleep Latency (min) 25.6 210 129 7.5 ns.
Waking Time After Sleep Onset (min) 359 19.7 111 6.6 0041
Number of Arousals 227 10.1 12.1 73 .0280
Stage 1 Sleep (%) 11.6 5.7 6.8 238 ns.
Stage 2 Sleep (%) 525 10.2 506 8.2 ns.
Stage 3 and 4 Sleep (%) 7.9 74 18.1 79 0041
REM Sleep (%) 20.7 4.6 22.7 49 ns.
REM Latency (min) 88.8 373 92.5 46.0 ns.
REM Density (%) 308 9.0 256 7.0 ns.
REM Interruption {(min) 128 121 23 1.8 0354
Percentage of REM Interruptions (%) 106 8.1 2.2 1.8 0247

Analysis, Mann-Whitney U Test.

n.s., nonsignificant; PTSD, posttraumatic stress disorder; REM, rapid eye movement.

www.sobp.org/journal



M. Habukawa et al.

BIOL PSYCHIATRY 2007;62:1179-1182 1181

Table 3. Correlations Between the Total Score and Subscale Scores in CAPS and Polysomnographic Data

Percentage
Number REM of REM
TST (min) SE (%) SL (min) WASO (min)  Arousals  %SWS (%) Density (%) Interruptions (%)

Total Score in CAPS ns. ns. ns. ns. ns. ns. ns. ns.
Re-experiencing (Criterion B) n.s. n.s. n.s. ns. ns. n.s. ns. ns.
Nightmare (Criterion B-2) ns. ns. —78(p=.014) .71(p=.036) n.s. ns. ns. 82 (p=.014)
Avoidance of Stimuli (Criterion C) —65(p=.049) ns. ns. ns. ns. ns. ns. ns.
Hyperarousal (Criterion D) ns. ns. n.s. ns. ns. ns. ns. ns.
Difficulty Initiating and Maintaining

Sleep (Criterion D-1) n.s. n.s. n.s. ns. ns. n.s. ns. n.s.

The correlation coefficient and p value by Spearman’s rank correlation are shown.
CAPS, Clinician-Administered PTSD Scale; n.s., nonsignificant; REM, rapid eye movement; SE, sleep efficiency; SL, sleep latency; SWS, slow wave sleep; TST,

total sleep time; WASO, wake-time-after-sleep-onset.

during REM sleep in chronic combat-related PTSD patients
(Mellman et al. 1997; Ross et al. 1994a, 1994b).

One of the most notable findings in this study is the obser-
vation of REM interruption in PTSD patients, replicating the
results of two recent studies (Breslau et al. 2004; Mellman et al,
2002). Mellman et al. (2002) tested prospective polysomno-
graphic recordings in 21 injured subjects within a month of injury
and found a more fragmented pattern of REM sleep in subjects
developing PTSD by calculating the average duration of contin-
uous REM sleep. Breslau et al. (2004) compared polysomno-
graphic measures between 71 lifetime PTSD subjects and 212
control subjects in a community sample and reported increased
brief arousal from REM sleep in PTSD subjects by calculating the
rate per hour of shifts to stage 1 sleep and waking from REM
sleep.

Another noteworthy observation is the significant positive
correlation between the severity of trauma-related nightmares
and the percentage of REM interruptions, as well as wake time
after sleep onset. Adapting the REM sleep measures in the
aforementioned studies (Breslau et al. 2004; Mellman et al. 2002)
to our small sample, we could not find significant correlations
between the nightmare score and those measures. Therefore, it
may be important that the measurements of fragmented REM
sleep should include not only intrusive wake times during the
REM period but also the subsequent wake time to REM period to
understand the relationships between nightmares and REM
mechanisms in PTSD,

We do not have sufficient explanation for the negative
correlations between trauma-related nightmares and sleep
latency, but they may be in part related to prior observations
that nightmares are rarely observed in the sleep laboratory
(Fisher et al. 1970; Hartmann 1984) and the “guarded envi-
ronment” may facilitate sleep initiation for patients with
frequent nightmares. Regarding the negative correlations be-
tween the avoidance of stimuli and total sleep time, we
speculate that avoidance symptoms may result in decreased
going out into the sun and consequently produce reduced
total sleep time.

Generally, our PTSD patients demonstrated unequivocal
sleep maintenance impairments, along with decreased slow-
wave sleep. These results diverge from most previous studies
(Hurwitz et al. 1998; Klein et al. 2002; Ross et al. 1994a,
1994b). These different findings may be mainly due to the
high sleep efficiency (94.9%) of the control group in this
study; however, in fact, we found significant improvements of
these sleep measures, along with the amelioration of PTSD
symptoms after psychotropic medication (unpublished data).

Our PTSD subjects were young adult and drug-naive or
drug-free PTSD patients without history of substance depen-
dence; therefore, they may be vulnerable to PTSD-related
sleep disturbances. They demonstrated no evidence of sleep
apnea, although several previous studies tested middle-aged
patients with chronic PTSD and reported a high incidence of
sleep-related breathing disorders (Krakow et al. 2001). These
different findings may result from differences of the age of
subjects among studies.

Finally, confidence in these findings is tempered by several
study limitations. The first limitation is the modest sample size
in this study. The second limitation is the high comorbidity
(80%) of major depressive disorder (MDD); therefore, we
could not determine particularly whether the decreased per-
centage of SWS was derived from PTSD or concomitant MDD.
Other limitations include the differences in the amount of time
since the trauma and trauma characteristics. Despite these
limitations, our findings suggest that trauma-related night-
mares may be an important factor resulting in REM interrup-

- tions and wake time after sleep onset in PTSD. Attempts to test

these findings under controlled conditions in larger samples
may further advance the understanding of the relationship
between sleep and PTSD.
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somnographic data and Tatsuyuki Kakuma, Ph.D., for belp with
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technical assistance.
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Bedtime activities, sleep environment, and their impact on sleep/wake patterns were
assessed in 509 elementary school children (6-12 years of age; 252 males and 257
females). Television viewing, playing video games, and surfing the Internet had
negative impact on sleep/wake parameters. Moreover, presence of a television set or
video game in the child’s bedroom increased their activity before bedtime. Time to -
retarn home later than 8 p.m. from after-school activity also had a negative impact
on sleep/wake patterns. Health care practitioners should be aware of the potential
negative impact of television, video games, and the Internet before bedtime, and
also the possibility that late after-school activity can disturb sleep/wake patterns.

Sleep/wake patterns are strongly influenced by sleep habits, and sleep habits
are largely influenced by social backgrounds and cultural standards. Therefore,
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understanding the factors related to sleep habits is important for the prevention
of sleep disturbance. The demands of today’s “24-hour society” have increased
nighttime activity and affected sleep/wake patterns of not only adults but also
children. In addition, sleep/wake patterns may also be influenced by usage of
video games, cell phones, and the Internet.

A nationwide lifestyle survey in Japan, which has been conducted every
5 years by the Broadcasting Culture Research Institute, showed that mean sleep
duration has decreased about 40 minutes on weekdays and about 30 minutes
on Sundays within the past 25 years (Broadcasting Culture Research Institute,
2005). This dramatic decrease of sleep duration may largely be attributed to the
aforementioned change of lifestyle of the Japanese population.

"Children’s sleep is affected by changes of lifestyle or the social system. For
example, “abolition of Saturday classes all over Japan resulted in a more than
40-min increase in mean sleep duration of teenagers on Saturdays (Broadcasting
Culture Research Institute, 2005).

Cultural differences could produce a huge difference in sleep habits and
sleep/wake parameters (e.g., bedtime, wake time, and sleep duration). Previous
reports indicated that sleep duration is shorter among adolescents in Japan than
in the United States or European countries (Fukuda & Ishihara, 2001; Tynjala,
Kannas, & Valimaa, 1993; Wolfson & Carskadon, 1998). The percentage of 3-
year-old children who go to bed later than 10 p.m. was reported to be very high
(52%) in Japan compared to that in Australia (4.1%; Japanese Society of Child
Health, 2001; see also Armstrong, Quinn, & Dadds, 1994). These reports indicate
that children’s sleep/wake patterns can vary significantly between cultures.

Decreased nocturnal sleep among children may be due to (a) the sleep/wake
pattern of their parents; or (b) the influence of distractions such as television,
videos or DVDs, the Internet, video games, and cell phones, which may mo-
nopolize the child’s attention for a long time. Playing video games and Internet
surfing are becoming more prevalent among children. In the United States, 81%
of American youths reported playing video games at least once a week, and video
game playing could be considered pathological in 8.5% of youths (Martin &

Oppenheim, 2007). In Japan, 92% of fifth-grade children have video or portable:

games (Japanese Parent Teacher Association, 2007). Use of the Internet is also
becoming prevalent among adults and children. A recent survey revealed that the
percentage of Internet users was higher among teenagers (16%—~20%) than the
community at large (13%-15%; Broadcasting Culture Research Institute, 2005).
Moreover, most cell phones currently available in Japan are equipped with Web
browsing and e-mail transmission capability. Use of this device at bedtime may
increase the likelihood of disturbing sleep.

Van den Bulck (2004) reported that television viewing, computer game play-
ing, and Internet use significantly affects sleep among adolescents. Although
the use of video games, cell phones, and Internet among smaller children has
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increased, the usage of these items before bedtime has not yet been correlated
with sleep/wake patterns of elementary school children.

The aims of the study were first to identify activities that elementary school
children do frequently before bedtime, and second, to elucidate the relationship
between these activities and sleep/wake patterns of Japanese children.

METHOD

Participants

The study was conducted at a public elementary school located in the suburbs of
Osaka, the second-largest city in Japan, in a middle-class residential district. A
questionnaire was given to all students (N = 582) of the school. Qur study
included 509 participants (252 males, 257 females), who responded to the
questionnaire and answered the questions properly (response rate: 86.9%). The
mothers in 484 (95.1%) cases, fathers in 18 (3.5%) cases, both the mother and
father in 5 (1.0%) cases, and grandparents in 2 (0.4%) cases completed the
questionnaire.

Measures

The questions asked about bedtime activities, the environment of the bedroom,
bedroom sharing, after-school activities, and sleep/wake patterns. Parents were
asked to assess their child’s sleep and behavior during an average week.

Bedittime activities. Bedtime activities including television viewing, playing
video games, talking over the telephone, and use of the Internet were examined.
Watching videos or DVDs was included with television viewing; playing portable .
games was combined with playing video games. Use of the Internet included
Web browsing and e-mail transmission either on a personal computer or via the
Internet on a cell phone. Parents were asked to check if their child engaged in
these activities more than twice a week. More than twice weekly (the median
frequency of media use found in a previous national study) was chosen as the
threshold of activity (Japanese Ministry of Internal Affairs and Communication,
2007).

Bedroom facilities. Parents were asked whether items such as television
sets, personal computers, cell phones or telephones, and video games or portable
games were present or taken into the bedroom.
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Bedroom sharing. Parents were asked whether the child slept with other
members of the family in the same bedroom (room sharing). If so, the member
who shared the bedroom was specified.

After-school activity. Questions were asked about after-school activities
including extra schooling, music lessons (such as piano and violin lessons), and
sports lessons.

Sleep measures. Questions were asked about bedtime, wake time, and’

estimated duration of sleep for both average weekdays and weekends.

Procedure

The questionnaire was given to all the children of the school. Parents or guardians
were asked to fill out the questionnaire, which was collected at school. The 1-
week survey was conducted in October 2006 when the climate is mild and
no major school activities (such as sports events, school festivals, or national
holidays) were scheduled, so that we could avoid the influence of seasonal or
event-related factors.

Statistical Analyses

Comparison of categorical variables (sex difference in bedtime activities and
bedroom environment, and relationship between bedtime activities and bedroom
environment) was made using a chi-square test. Two group comparisons were
done using the Mann—Whitney U test for continuous variables.

A series of multivariate logistic regression analyses were performed to ex-
amine the factors associated with sleep/wake parameters. Six logistic models
regarding sleep/wake parameters both on weekdays and weekends as response
variables (bedtime after 10 p.m., wake time after 8 a.m., and sleep duration

of less than 9 hr) were created. In addition, three logistic models regarding -

sleep/wake parameters between weekdays and weekends as response variables
(later bedtime of more than 1 hr, later wake time of more than 2 hr, and longer
sleep duration of more than 2 hr on holidays) were also created. As covariates,
sex, school grade (lower grade or higher grade), bedtime activities, bedroom
environment, and time to return home from after-school activity were used in
common. ‘All variables were initially examined in univariate models, then we
performed multivariate logistic regression analysis for all variables that showed
a significant correlation in univariate models. Odds ratios (ORs) and their 95%
confidence intervals (CIs) are presented to show the association. All the statistical
analyses were conducted using SPSS 11.5 for Windows, Significance levels were
set at p < .05.
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RESULTS

Demographics of the Participants

The number of participants in each school grade was 85 (45 males, 40 females)
in the first grade, 96 (50 males, 46 females) in the second grade, 84 (37 males,
47 females) in the third grade, 93 (45 males, 48 females) in the fourth grade,
77 (43 males, 34 females) in the fifth grade, and 74 (32 males, 42 females) in
the sixth grade. The children ranged in age from 6 years old ( 1st-grade student)
to 12 years old (6th-grade student), and their mean age was 9.0 + 1.8 years.
The percentage of children who slept with family members in the same
bedroom (room sharing) was 85.3% including 21.8% who slept with siblings,
22.0% who slept with parents, and 40.5% who slept with both siblings and
parents. The rate of room sharing decreased with advancing grade (Figure 1).

v

Activities Before Bedtime

The percentage of children who watched television before bedtime was 80.9%.
As shown in Figure 2, television viewing was the most prevalent bedtime activity,
and the rate of television viewing did not vary significantly with school grade.
The percentage of children who played video games or portable games before
bedtime was 30.6%. Use of the Internet was seen in 7.1% of children, and
its rate of use increased with advancing age (Figure 2). Although there was
no sex difference in television viewing (p = .262), playing video games was

(%)
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FIGURE 1 Percentage of children who slept with other family members in the same room
(bedroom sharing).




