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ORIGINAL ARTICLE

Newly developed waist actigraphy and its sleep/wake

scoring algorithm

Minori ENOMOTO,"? Takuro ENDO,3* Kazue SUENAGA,* Naoki MIURA,* Yasushi NAKANO,®
Sayaka KOHTOH,® Yujiro TAGUCHI,® Sayaka ARITAKE,' Shigekazu HIGUCH]I,'

Masato MATSUURA,? Kiyohisa TAKAHASHI” and Kazuo MISHIMA!

'Department of Psychophysiology, National Institute of Mental Health, National Center for Neurology and
Psychiatry, Tokyo, 2Department of Life Sciences and Bio-informatics, Graduate School of Allied Health Sciences,
Tokyo Medical and Dental University, Tokyo, 3Sleep Clinic Chofu, Tokyo, *Acki Hospital, Clinical Laboratory, Tokyo,
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Abstract

The purpose of this study was to formulate an algorithm for assessing sleep/waking from activity
intensities measured with a waist-worn actigraphy, the Lifecorder PLUS (LC; Suzuken Co. Ltd., Nagoya,
Japan), and to test the validity of the algorithm. The study consisted of 31 healthy subjects (M/F =
20/11, mean age 31.7 years) who underwent one night of simultaneous measurement of activity
intensity by LC and polysomnography (PSG). A sleep(S)/wake(W) scoring algorithm based on a linear
model was determined through discriminant analysis of activity intensities measured by LC over a
total of 235 h and 56 min and the corresponding PSG-based S/W data. The formulated S/W scoring
algorithm was then used to score S/W during the monitoring epochs (2 min each, 7078 epochs in total)
for each subject. The mean agreement rate with the corresponding PSG-based S/W data was 86.9%,
with a mean sensitivity (sleep detection) of 89.4% and mean specificity (wakefulness detection) of
58.2%. The agreement rates for the individual stages of sleep were 60.6% for Stage 1, 89.3% for Stage
2,99.2% for Stage 3 + 4, and 90.1% for Stage REM. These results demonstrate that sleep/wake activity
in young to middle-aged healthy subjects can be assessed with a reliability comparable to that of
conventional actigraphy through LC waist actigraphy and the optimal S/W scoring algorithm.

Key words: actigraphy, polysomnography, sleep/wake scoring algorithm, sleep-waking,
waist-worn.
INTRODUCTION actigraphy in current sleep research is a unit that is

An actigraphy is a small lightweight device for non-
invasive and continuous monitoring of human rest/
activity (sleep/wake) cycles.* The most commonly used
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womn on the non-dominant wrist like a wristwatch
for continuous measurement of forearm motor activity.
The actigraphy unit generally consists of a piezoelectric
accelerometer and a memory for storing the measured
values for a specific time epoch, typically from 1s to
several minutes.

Algorithms using the activity level measured by the
actigraphy to determine whether the person wearing the
unit is awake or asleep during the time epoch have been
developed for use with individual actigraphy units.>?
Studies to date investigating the agreement rate of poly-
somnography (PSG) and various actigraphy units in
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healthy adults have reported a very high agreement rate
of 85 to 96% between the two methods with use of the
optimal specific sleep/wake scoring algorithm.>”

Although actigraphy is suitable for assessment of
sleep/wake activity during a specific time epoch, it
cannot be used independently for confirmation or
diagnosis of sleep disturbances because, contrary to
PSG, it does not allow for collection of data on electro-
oculogram (EOG), electromyogram (EMG), electrocar-
diogram (ECG), and breathing function during sleep.”
On the other hand, it has a distinct advantage over PSG
in that it allows for continuous recording of rest/activity
(sleep/wake state) over long periods of time outside of
the sleep lab with minimal disruption to the subject’s
normal life. It is therefore commonly used in human
sleep physiology research and clinical studies in patients
with insomnia and circadian rhythm sleep disorders.®
Future beneficial applications of actigraphy include
sleep disturbance screening in a large number of sub-
jects and evaluation of the effectiveness and side effects
of drug and non-drug therapies requiring continuous
assessment of sleep/wake activity. Inexpensive multipur-
pose devices providing a favorable cost—benefit balance
in the clinical setting are, however, necessary to realize
these new potential applications. There have been a few
previous studies that assessed sleep/wake activity using
an actigraphy placed on the trunk® and the head!®
because the current mainstream wrist-worn actigraphy
unit cannot be readily used in individuals with upper
dystaxia, individuals with involuntary movement such
as finger tremors, and children and dementia patients
who may inadvertently interfere with the device. Most
are also not waterproof and cannot thus readily be used
in individuals whose work involves handling of water.
So actigraphy units that can be worn on body sites other
than the wrist, such as the trunk, are still needed.

We therefore focused our research on an inexpensive
activity monitor that is worn around the waist to
measure activity as a new actigraphy option in sleep
research and sleep medicine. In our study, data obtained
from healthy adults was used to formulate an algorithm
to score sleep/waking measured by waist actigraphy and
test the validity of the algorithm.

METHODS

Features of waist actigraphy

An inexpensive activity monitor that is worn around the
waist (Lifecorder PLUS [LC]; Suzuken Co. Ltd., Nagoya,
Japan; ¥14800 = €100 = $128) was used to measure
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activity level during sleep. The LC was originally devel-
oped for measurement of daytime physical-activity level
and has been used for the assessment of physical-
activity-related energy expenditure.'? The LC mea-
sures acceleration along the longitudinal axis every 4 s
with an internal piezoelectric accelerometer and classi-
fies the intensity into 11 levels from 0 to 9 (0, 0.5, 1, 2,
3,4,5,6,7,8,9) every 2 min."" Level 0 (corresponding
to <0.06 G) denotes immobility and Levels 0.5 o 9
(corresponding to =0.06 G) denote subtle to strong
movements. The cut-off point of activity intensity (the
acceleration value) for each level is not provided by
the manufacturer. It is possible to continuously record
the activity intensity level with the time information for
at least 2 months. After the completion of measurement,
the recorded activity intensity data can be downloaded
to a personal computer through a USB cable. The
scoring algorithm was formulated from these data.

Experimental subjects

The study consisted of 31 healthy adults (20 males
and 11 females with a mean age of 31.6 = 10.4 years).
Monitoring was performed by the Sleep Electroencepha-
lography Lab at Aoki Hospital and the Sleep/Biological
Rhythm Monitoring Unit of the National Institute of
Mental Health of the National Center of Neurology
and Psychiatry. Subjects underwent simultaneous con-
tinuous monitoring of intensity of physical movement
during sleep by PSG and LC. The study was approved
by the ethics committee of the National Center of Neu-
rology and Psychiatry. Subjects were informed of the
purposes and methods of the study and gave written
consent to participate in the investigation.

PSG and LC recordings

The PSG consisted of measurement of a standard
electroencephalogram (C3-A2, C4-Al, O1-A2, 02-Al),
EOG, chin EMG, ECG, breathing function, and tibialis
anterior EMG data every 30s. The Polymate 1524
(TEAC Corporation, Tokyo, Japan) and Comet PSG
(Grass-Technologies, RI, USA) were used for the PSG.
The sleep stage (Stage 1, Stage 2, Stage 3 + 4, Stage REM
or Stage wake) was then determined every 30 s accord-
ing to the rules of Rechtschaffen and Kales.'® Four con-
secutive 30-s intervals of sleep stage data were used to
assess sleep/wake state every 2 min to correspond with
the intervals with LC data. When four consecutive data
contained two or more of Stage wake, the data set was
classified as wake (Wess) according to the definition

© 2009 The Authors
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adopted the previous studies.'*'® All other data sets
were classified as sleep (Spsg). Furthermore, Spsc was
subclassified as Stage REM, Stage 1, Stage 2, or Stage 3
+ 4, according to the most frequent sleep stage in the
data set (e.g. when Sesc contained two or more Stage 1
data, it was classified as Stage 1). However, when Spse
contained two of two different stages, the priority order
(Stage REM — Stage 1 — Stage 2 —> Stage 3 + 4) was
used (e.g. when Spsg contained two Stage 1 and two
Stage REM, it was classified as Stage REM).

Formulation of an algorithm for
assessing sleep/waking

A S/W scoring algorithm for LC was newly formulated
by the discriminant analysis. The data used for the
development were the datasets of Spsg (=0) and Wese
(=1) corresponding to the LC exercise intensities
obtained from 7078 epochs obtained from 31 subjects
on 31 nights over a total of 235 h and 56 min.

Taking the S/W algorithm for the present actigraphy
into account, we assume the five-dimension linear
model that incorporates the exercise intensities during
10 min with the center of the time epoch of interest. The
activity intensities 4 min before the scored epoch, 2 min
before the scored epoch, during the scored epoch, 2 min
after the scored epoch, and 4 min after the scored epoch
were represented by xi, X,, X3, Xi, and Xs, respectively. A
linear discriminant function was given as the following
equation for an arbitrary set of weight coefficients of a,,
a4y, s, d4, and ds.

Z= aIXI + a2x2 -+ a3X3 + CL;X;I. -+ a5X5

Where the variable of z can be used as the discriminant
score to classify a set of activity intensities into the stage
Of SLC or WLC-

The above discriminant function was determined by
the discriminant analysis. Supposing that the LC activity
intensity in sleeping status and in waking status are
categorized in class 1 and 2, respectively, and the num-
ber of the datasets in each class is set to n; and n,, the
i-th (i=1 tom,) variable in class k (k= 1, 2), ¢® is given
as

[¢3)

(k;
Z ?

= a,x§) +a2x(k) + a;xy ,(k) +a+x(k) + asx(S?

The variation of {z®} is represented by the total sum
of squares, Sy, which can be decomposed to the between
sum of squares, Sz, and the within sum of the squares,
Sw (St = Sp + Sw).
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Sr= ZE(Z&) 2

k=l i=}

2

2
Sg= Y m(Z® - %)
k=1

2 2
SW — ZE(Zi(k) — 2(&)) .

k=1i=1

Since the better discriminability between the two
classes using z is equivalent to the increase of the ratio of
correlation, 1)* = Sg/ St, the set of weight coefficients, d,,
d,, ds, ds, ds, that gives the maximum 7)? can be
calculated by the following equations:

S Sz S Sy Sis|[d P -x2
Sa Sm S Sw S ||y X~ X
$31 S32 S33 S3¢ S3s || 43 |= ’(D - xQ) .
S41 Sg¢2 Se3 Sas  Sas || da i‘}) - 3_54

Ss1 Ss2 Ss3 Sse Sss|lds X9 - xP

Where >'c§"’ is the average of the j-th variable in class k,
sy 1s the within covariance between the j-th and j’-th
variables. They are evaluated by

w_ 1 &
XP=—2 xj

y =1

2
—— P > (xP = XP) (xj",’ -xP).

=
1y —2 e

S/W agreement rate

The S/W scoring algorithm was used to determine the
St/ Wi state from the activity intensity data in a total of
7078 epochs in the 31 subjects, and the agreement rate
with the corresponding Sese/Whse results was calculated
by subject and sleep stage. The agreement rate with the
PSG-based sleep epochs (sensitivity) and agreement rate
with the PSG-based wakefulness epochs (specificity)
were also calculated by subject. SPSS version 11.5 was
used for the statistical analysis (SPSS Japan Inc., Tokyo,
Japan). Results were expressed as mean * SD.

RESULTS
S/W scoring algorithm

The following S/W scoring algorithm was derived from
the results of discriminant analysis of the activity
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Table 1 Sleep parameters scored by polysomnography (PSG) and Lifecorder (LC) data

Sleep parameters PSG

LC Significance

Sleep efficiency (%) 902 *+ 9.6 (61.8-99.1)
Total sleep time (min)

Wake after sleep onset (min)

406.6 + 78.9 (179.3-587.0)
45.2 *+ 483 (3.67-232.7)

86.8 £ 11.1 (44.1-100.0) t(60) = 1.26,P=0.21
376.3 = 76.3 (208.0-586.0) (60)=1.53,P=0.13
59.9 + 68.5 (0-388.0) t(60) = 0.98, P=0.33

Table 2 Decision parameters of S/W prediction algorithm for the Lifecorder

Number of epochs

Agreement rates (%) Overall 86.9 = 89 7078
Stage W 58.2 £ 304 819
Stage 1 60.6 = 26.2 427
Stage 2 893 £ 10.6 3694
Stage 3 + 4 992 + 21 838
Stage REM 90.1 £ 175 1300

Sensitivity (%) 894 = 106

Specificity (%) 582 + 30.4

Percentage of Spsg epochs misscored as Wi¢ (%) 10.6 = 10.6

Percentage of Wpsg epochs misscored as Sic (%) 41.8 + 304

S, sleep; W, wakefulness.

intensity data and PSG-based sleep/wake data from the
total 7078 epochs obtained from 31 subjects:

2=0.635x;+0.427x,+0.701x3 + 0.805x4 +0.718x5

where z = 1 indicates wakefulness (W) and 2 < 1 indi-
cates sleep (Sio).

The linear discriminant function was transformed in
advance by using linearity of the discriminant function
in such a way that the threshold () becomes 1. Here, x;,
X3, X3, X3, and Xs, indicate the activity intensity 4 min
before the scored epoch, 2 min before the scored epoch,
during the scored epoch, 2 min after the scored epoch,
and 4 min after the scored epoch.

Validity of the S/W scoring algorithm

The sleep parameters derived from PSG and the LC
activity intensity data are shown in Table 1. Sleep effi-
ciency, total sleep time, and wakefuiness after sleep
onset were each derived from PSG and the LC activity
intensity data (Table 1). No statistically significant dif-
ferences were observed between PSG and the LC in any
of the sleep parameters.

Table 2 shows the sleep/wake agreement rates
between the LC and PSG, and the sensitivity and speci-
ficity of the LC. The overall agreement rate between the
LC and PSG in the 31 subjects was 86.9 = 8.9%. By
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sleep stage, the Stage 1 agreement rate was low at
approximately 60%, but the Stage 2, Stage REM, and
Stage 3 + 4 agreement rates were high at approximately
90% for Stage 2 and Stage REM and close to 100% for
Stage 3 + 4.

The S/W scoring algorithm had a mean sensitivity (S
detection) of 89.4 * 10.6% and a mean specificity (W
detection) of 58.2 * 30.4%. In other words, 10.6 *
10.6% of Sps; were misscored as Wi and 41.8 *+ 30.4%
of Wese were misscored as Sic.

Activity intensity distribution before and
after the scored epoch

Figure 1 shows the mean activity intensity recorded by
the LC for nine consecutive epochs (18 min) centered at
the Wesg epoch (averaged for a total of Wes 819 epochs
obtained from 31 subjects). The mean activity intensity
recorded by the LC peaked just after the Wesg epoch.

DISCUSSION

In the study, an S/W scoring algorithm for the LC was
formulated through linear-based discriminant analysis
of the corresponding longitudinal “PSG-based sleep/
wake state” and “LC-recorded activity intensity” data in
7078 epoch recordings in 31 subjects over a total of

© 2009 The Authors
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Figure 1 Activity intensity distribution before and after the
scored epoch. The mean activity intensity recorded by the
Lifecorder (LC) for nine consecutive epochs (18 min) cen-
tered at the Wisg epoch. Vertical bars indicate the activity
intensity. The mean activity intensity bars formed an
inverted U-shape and peaked just after the Wysg epoch.

235h and 56 min. Comparison of the S/W activity
determined from the LC data through the S/W scoring
algorithm and the comparable activity determined from
the PSG data through the rules of Rechtschaffen and
Kales showed a mean agreement rate of approximately
87% in the 31 subjects. This rate is comparable to the
85 to 96% agreement rates obtained with conventional
actigraphy units and their $/W scoring algorithms.>”
The LC and its /W scoring algorithm yielded a high
agreement rate of 90% or greater for Stage 2 and Stage 3
+ 4 deep sleep and REM sleep, as well as an approxi-
mately 60% agreement rate for Wesg, which is higher
than that yielded by conventional algorithms. In order
to examine the superiority of the five-dimensional
model over the three-, seven-, or nine-dimensional
models, we assumed linear models which incorporate
the activity intensities during intervals of 6, 14, and
18 min centered at the time epoch of interest. The total
agreement rates of the algorithms for the three-, five-
seven-, and nine-dimensional models were 82.9%,
86.9% 86.0%, and 87.3%, respectively. Finally, we
adopted the algorithm of the five-dimensional model
since the agreement rate appeared to become saturated
for models with more than five-dimensions. These find-
ings show that when used with the S/W scoring algo-
rithm developed in the study, the LC is a useful sleep
assessment device with equivalent S/W identification
capacity to conventional actigraphy systems.

Silent awakeness has been generally difficult to detect
through actigraphic /W assessment, in which it may be

© 2009 The Authors
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misscored as sleep, resulting in a pattern of overassess-
ment of total sleep time and sleep efficiency compared
to PSG-based assessment.*'*'" The LC and the S/W
scoring algorithm derived in this study did not,
however, result in a pattern of over-identification of
Sic, but contrarily yielded lower total sleep time and
sleep efficiency values than the Spso/Wesg assessment
(Table 1). The specificity of the S/W scoring algorithm
for the LC (58.2%) is in fact higher than that for con-
ventional actigraphy units and their /W scoring algo-
rithms (40.6 vs 44%),*"" demonstrating that the S/W
scoring algorithm for the 1L.C developed in the study
allows for more accurate identification of Wic.

The S/W detection algorithm for wrist actigraphy used
in a previous study assigned the highest weighting coef-
ficient to the scored epoch.* However, in the S/W scoring
algorithm for the LC, the highest weighting coefficient
was assigned to the period immediately following the
scored epoch. In fact, the mean activity intensity
recorded by the LC peaked just after the Wess epoch
(Fig. 1), and the delayed increase in truncal movement
after awakening characterized the highest weighting
coefficient assigned immediately after the scored epoch.

The LC is worn on the trunk while the conventional
actigraphies used to be worn on the non-dominant
wrist.>” This may be related to the high specificity of
the LC and its $/W scoring algorithm. The different
application sites mean that S/W activity is assessed
through different types of movement during sleep,
either extremity or trunk movement (which are often
independent),'®!” which may produce the differences in
assessment noted above. The LC and its S/W scoring
algorithm investigated in the current study may more
accurately detect silent awakeness due to the sensitivity
to small movements of the torso during sleep and a
resulting higher composite variable z value.

There are several issues that require further explora-
tion with respect to use of the LC as a novel option for
sleep assessment. First, the time epoch of S/W scoring
algorithms for conventional actigraphy is often 1 min or
less.>*** The time epoch for the LC used in this study
is 2 min, leading to the assumption that devices with
higher temporal resolution may result in higher agree-
ment rates. Although it is more expensive (¥37 000 =
€230 = $350), there is an LC that is programmable to
4-s time epochs. It would therefore be of merit to for-
mulate an /W scoring algorithm for this LC to deter-
mine whether it yields a higher agreement rate. Second,
the S/W scoring algorithm formulated in the study uses
the data from the scored time epoch as well as the data
from the two epochs (4-min interval) immediately prior
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and immediately after to scoring S/W. This means that
activity intensity data prior to onset of sleep will be
included in the scoring formula for the scored time
epoch unless at least 4 min have passed from the onset
of sleep on PSG. This complicates detection of differ-
ences in sleep latency of the order of several minutes.
Accordingly, sleep latency was not analyzed in this
study. This perhaps poses a constraint to the use of the
LC in studies and tests requiring accurate evaluation of
sleep latency. It is expected that development of LCs
with higher temporal resolution and their /W scoring
algorithms will solve this issue.

In the current study, an /W scoring algorithm for the
LC was formulated from the data of young to middle-
aged healthy adults and the validity of the algorithm was
tested. Other potential useful applications of the inex-
pensive LC include sleep disorder screening in a large
number of individuals. In the future, it will be necessary
to determine whether the high agreement rates can also
be obtained when the LC and its S/W scoring algorithm
are used to assess sleep/wake activity in subjects from
different age groups, including children and the elderly,
and in patients with common sleep disorders, such as
insomnia and sleep respiratory disturbances.
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Abstract

Objective: Although sleep disorders are highly prevalent among patients with physical disorders, only limited information is available about
the actual status of sleep-related problems in inpatients of acute hospital wards. We conducted a multicenter cross-sectional observational
survey investigating the prevalence of sleep disorders and use of hypnotic-sedative drugs among inpatients of acute wards in 44 general
hospitals in Japan.

Method: Questionnaire-, actigraph- and observation-based sleep evaluations were simultaneously performed in 557 adult inpatients [mean
age 72.8+12.8 (S.D.) years] of acute wards during a one-month period in July 2007.

Results: Of the 421 patients with data available, 22.3% had at least one of the following sleep disorders: sleep apnea syndrome, restless legs
syndrome, periodic limb movement disorder and nocturnal behavior disorder. Similarly, 62.7% had insomnia, 6.9% had severe daytime
sleepiness and 12.8% had other sleep-related symptoms. Only 13.8% were free of any sleep-related problem. Although 33.7% of insomnia
patients were taking hypnotic-sedative drugs, 65.2% of them complained of residual insomnia symptoms.

Conclusion: The findings obtained in this study have revealed the remarkably high prevalence of sleep-related problems experienced by inpatients
of acute hospital wards in Japan. Proper diagnosis of sleep disorders should be made among patients with physical disorders.

© 2010 Elsevier Inc. All rights reserved.
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1. Introduction

Sleep disorders, including insomnia, sleep apnea syn-
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drome (SAS), restless legs syndrome (RLS) and periodic
limb movement disorder (PLMD), are highly prevalent and
partticularly common in elderly patients with physical
disorders. Sleep disorders reduce patients’ quality of life
(QOL) by causing symptoms such as daytime sleepiness and
cognitive impairment and may also exacerbate underlying
disorders by inhibiting respiratory, cardiovascular and
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metabolic functions. In one study of older patients in a
skilled-care geriatric hospital in Japan, the presence of
insomnia was associated with a higher risk of mortality
during the 2-year follow-up period [1].

The prevalence of these sleep disorders increases with age
[2], and the high incidence of physical disorders among the
elderly population is a contributing factor. Previous epide-
miologic studies have revealed that the prevalence of
insomnia among the general population is 10.2-48.0%
[3-6], and insomnia frequently occurs in association with
chronic pain disorders, respiratory diseases and neurological
diseases [7]. SAS, RLS or PLMD also frequently coexists
with various physical diseases including hypertension [8],
ischemic heart disease {9,10], chronic kidney failure [11],
iron-deficiency anemia [ 12} and neurological diseases such as
Parkinson’s disease [13]. It is also noteworthy that medica-
tions used for the treatment of sleep disorders may worsen
physical disorders; for example, most standard hypnotics
benzodiazepines cause sleep apnea by reducing the muscle
tone of the upper respiratory tract during sleep [14].

The fact that physical and sleep disorders can coexist at a
high frequency should always be taken into account when
making an accurate diagnosis and developing a treatment
strategy that provides a favorable risk-benefit balance.
Nevertheless, we currently have only limited information
about the actual status of sleep-related problems experienced
by inpatients of acute hospital wards. Thus, the objectives of
the present study were to investigate the breakdown and
prevalence of sleep disorders and use of hypnotic-sedative
drugs in acute ward inpatients and to identify problems in the
clinical practice of sleep medicine.

2. Methods
2.1. Subjects and method

Study subjects who were 20 years of age or more were
randomly selected from among the inpatients of acute
hospital wards, excluding psychiatric and tuberculosis
wards, of 44 general hospitals in Japan. The patients’

Table 1
Illness identified in enrolled patients

identities were coded at each hospital ward, and then patients
were randomly sampled. The investigation was catried out
among 557 subjects [316 males, 241 females; mean age,
72.8+12.8 (S.D.) years; range 22-96 years] who had
provided informed consent or whose family member had
provided informed consent, simultaneously at all hospitals
during a period of 1 month in July 2007. Each patient’s
primary disorder was classified according to the International
Classification of Diseases and Related Health Problems
Version 10 (ICD-10) (Table 1). The ethics committee at each
research site approved the present study.

2.2. Investigation methods

The investigation was conducted over 2 days for each
patient to check his or her sleep condition and details of
treatment. The investigation consisted of subjective sleep
evaluation using a self-administered questionnaire (Table 2),
objective sleep evaluation by actigraphy, observational sleep
evaluation by nursing staff and a survey of medication use as
recorded in the medical records.

The questionnaire was designed to identify the presence
of insomnia, SAS, RLS, PLMD, nocturnal behavior disorder
(NBD), daytime sleepiness and nocturnal sleep-related
symptoms. In the questionnaire, Q1-Q6 were completed
by the patients, and Q7 and Q8 were completed by medical
staff. Although NBD can be further divided into nocturnal
delirium, REM sleep behavior disorder, behavioral and
psychological symptoms of dementia and other symptoms,
these disorders were not distinguished in view of the primary
objective of the present study and technical restrictions.

For objective sleep evaluation, subjects were asked to
wear an actigraph [Lifecorder PLUS (LC), Suzuken,
Nagoya, Japan] [15] on their waist for two consecutive
days for continuous recording of the intensity of activity.
Total sleep time (TST; the sum of all sleep time during time
in bed), total wake time (TWT; the sum of all wake time
during time in bed) and sleep efficiency (SE; the percentage
of TST relative to time in bed) were then calculated from the
LC data. Time in bed (TIB) was defined as the time during

System organ/disease class Total
557 (100%) 94 (100%)

SAS, RLS, PLMD and NBD

Insomnia Good Sleep

Improved Untreated  Not-Improved 63 (100%)
31(100%) 175 (100%) 58 (100%)

Diseases of the circulatory system 140 (25.1) 20 (21.3) 7(22.6) 44 (25.1) 9 (15.5) 15 (23.8)
Neoplasms 127 (22.8) 19 (20.2) 5(16.1) 47(26.9) 26 (44.8) 8(12.7)
Diseases of the respiratory system 68(122) 11117 3(09.7) 17(9.7) 8 (13.8) 9(14.3)
Diseases of the digestive system 62 (11.1) 13 (13.8) 2 (6.5) 21 (12.0) 7(12.1) 8 (12.7)
Diseases of the nervous system 45 (3.1) 11 (L7 2 (6.5) 9(5.1) 3(5.2) 5(7.9)
Diseases of the genitourinary system 16 (2.9) 4 (4.3) 1(3.2) 5(2.9) 1(1.7) 3(4.9)
Diseases of the musculoskeletal 14 (2.5) 221 1(3.2) 7 (4.0) 0 (0.0) 3(4.9)
system and connective fissue
Certain infectious and parasitic diseases 8 (1.4) 0 (0.0) 13.2) 3.7 1(1.7) 0(0.0)
Other diseases 77 (13.8) 14 (14.9) 9 (29.0) 22 (12.6) 3(5.2) 12 (19.0)

SAS; sleep apnea syndrome, RLS; restless legs syndrome, PLMD; periodic limb movement disorder, NBD; nocturnal behavior disorder.
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Table 2
Question items and percentages of respondents in the analyzed 421 inpatients
Items 1) 2) 3) 4)
Q1. How long did it take from light off until you went to sleep?

1) less than 15 minutes 2} 15-29 minutes 3) 30-59 minutes 4) more than 60 minutes 504 204 14.5 14.7
Q2. How many times did you awake during last night?

1) none 2) 1-2 times 3) 3-4 times 4) more than 5 times 214 359 249 17.8
Q3. What time did you get up this moming (h:min)? 22.6% 774
Q4. Did you get up in the moming unrefreshed or nonrestored?

1) good 2) fair 3) insufficient 4) poor 38.7 37.1 19.2 5.0
Q5. Do you have daytime sleepiness?**

1) none 2)some 3) moderate 4) severe 22.8 228 47.5 6.9
Q6. Did you experience any of the following symptoms during last night (completed by a patient)

Q6-a creeping sensation or restless discomfort in the limbs 1) yes 2) no 5.9 94.1

Q6-b legs or arms jerk 1) yes 2} no 24 97.6

Q6-c hot flash 1) yes 2) no 4.8 95.2

Q6-d night sweat 1) yes 2) no 6.9 93.1

Q6-¢ palpitation 1) yes 2) no 1.2 98.8

Q6-f anxiety or panic 1) yes 2) no 1.0 99.0

Q6-g sleep paralysis 1) yes 2) no 0.0 100.0

Q6-h nightmare 1) yes 2} no 3.1 96.9
Q7. Did the patient experience any of the following symptoms during last night (completed by nursing staffs)

Q7-a loud snoring, or apnea lasting for 10 seconds or longer 1) yes 2) no 10.0 90.0

Q7-b periodic legs or arms jerk 1) yes 2) no 2.1 979

Q7-c sleep-talking, delirium or abnormal behaviors such as wandering 1) yes 2) no 6.9 93.1

Q8. Whether or not the patient took any hypnotic-sedative drug(s) for treatment of insomnia within the past one week and the name of the drug(s) if any

(completed by nursing staffs)
1) yes 2) no Name of drugs [ 1

27.6 724

* Patients who woke up 30 minutes or earlier than the desired time without falling asleep again (Q3).

** answered at 2 pm.

which patients were supposed to be in bed as specified by
each hospital ward, and specifically the time from “lights
out” to the time at which patients were expected to wake.
Mean TIB was approximately between 9 p.m. and 6 a.m.
Observations by the nursing staffs on each of the wards
confirmed that the patients were in bed during TIB on the
evenings of the study.

For the observational sleep evaluations, several nursing
staffs alternated in order to record continuously the subjects’
sleep states. Opening and closing of eyes, breathing,
movement and any unusual behavior of the subjects were
observed and recorded at a distance so as to not disturb
the subjects.

2.3. Differential diagnosis of sleep disorders

The diagnostic flow for the patients included in the
investigation is shown in Fig. 1. Some of the preselected
subjects (n=136) were either excluded from data analyses or
could not participate due to reasons such as sudden change in
physical condition such as fever, severe dementia, con-
sciousness disturbance due to organic brain damages, need
for emergency examination, hospital transfer or discharge or

due to missing data on their amount of physical activity. Asa
result, a total of 421 patients comprised the analysis
population [228 males, 193 females; mean age, 72.5£12.6
(5.D.) years; range 22-96 years]. The number of respondents
for each question item is shown in Table 2.

Patients were initially examined for the presence of SAS
(positive answer to Q7-a), RLS (positive answer to Q6-a),
PLMD (positive answer to Q6-b or Q7-b) or NBD (positive
answer to Q7-c). Those who were NOT diagnosed with SAS,
RLS, PLMD or NBD were subsequently examined for the
presence of insomnia. Patients were judged as having
insomnia when the subjective sleep investigation indicated
the presence of any one of the following:

1. Disturbances of initiating sleep (DIS): Ql, the answer
indicates 30 min or more.

ii. Disturbances of maintaining sleep (DMS): Q2, the
answer indicates three times or more.

iii. Barly morning awakening (EMA): Q3, the answer
indicates wake time 30 minutes or earlier than the
desired time without falling asleep again.

iv. Non-restorative sleep (NRS): Q4, the answer indicates
msufficient or poor sleep.



