US 20130218043A1

a9 United States

a2y Patent Application Publication (o) Pub. No.: US 2013/0218043 A1

Yoshida

43) Pub. Date: Aug. 22,2013

(54)

(75)

(73)

@
(22)

(86)

(30)

MENTAL DISORDER ANALYSIS APPARATUS,
MENTAL DISORDER ANALYSIS METHOD,
AND PROGRAM

Inventor: Masaki Yoshida, Osaka (JP)

Assignee: SleepWell Co., Ltd., Osaka-shi, Osaka
(IP)

Appl. No.: 13/825,011
PCT Filed: ~ Jun. 20, 2012

PCT No.: PCT/JP2012/065703

§ 371 (9)(1),
(2), (4) Date:  Mar. 18, 2013

Foreign Application Priority Data

Jun. 21,2011 (JP) oo 2011-137741

b

Electroencephalogram
acquiring apparatus

Publication Classification

(51) Int.CL
AGIB 5/04 (2006.01)
AGIB 5/00 (2006.01)
(52) US.CL
CPC ... A61B 5/04012 (2013.01); A61B 5/7257
(2013.01)
1013 600/544
(57) ABSTRACT

A mental disorder analysis apparatus includes a storage por-
tion in which sleep electroencephalogram information, which
is information on electroencephalograms during sleep of a
test subject, is stored, an analyzing portion that performs
analysis regarding presence or absence of a mental disorder
using the sleep electroencephalogram information stored in
the storage portion, and an output portion that outputs a result
of the analysis performed by the analyzing portion.
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MENTAL DISORDER ANALYSIS APPARATUS,
MENTAL DISORDER ANALYSIS METHOD,
AND PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This is a U.S. national phase application under 35
U.S.C. §371 of International Patent Application No. PCT/
JP2012/065703, filed on Jun. 20, 2012, and claims benefit of
priority to Japanese Patent Application No. 2011-137741,
filed on Jun. 21, 2011. The International Application was
published on Dec. 27, 2012, as International Publication No.
WO 2012/176790 under PCT Article 21(2). The entire con-
tents of these applications are hereby incorporated herein by
reference.

TECHNICAL FIELD

[0002] The present invention relates to apparatuses and the
like for analyzing information on electroencephalograms
during sleep and diagnosing a mental disorder.

BACKGROUND ART

[0003] As a conventional mental disorder analysis appara-
tus, an apparatus is known that can solve disadvantages in
medical interview techniques and accurately diagnose a men-
tal disorder, using brain activity diagnostic information
acquired by analyzing o wave signals and 3 wave signals in
electroencephalogram (EEG) signals and calculating a ratio
ofintegral values ofthe § wave signals with respect to integral
values ofthe o wave signals, or by obtaining integral values of
complex electroencephalogram signals, o wave signals, and
[} wave signals for a predetermined number of times of sam-
pling and calculating a ratio of 3 % with respect to . %, where
a. % indicates a ratio of integral values of the o wave signals
generated with respect to integral values of the complex elec-
troencephalogram signals, and 3% indicates a ratio of integral
values of the [3 wave signals generated with respect to integral
values of the complex electroencephalogram signals (see
Patent Document 1, for example).

CITATION LIST

Patent Document

[0004] [Patent Document 1] JP 2001-161652A (p. 1, FIG.
1, etc.)
[0005] However, since such a conventional mental disorder

analysis apparatus uses information obtained from electroen-
cephalograms during non-sleep times such as while a test
subject is awake or at rest, the external environment, con-
sciousness or thoughts, and the like of the test subject during
the electroencephalogram measurement act on the electroen-
cephalograms, and, thus, the waveform and the like resulting
from these factors are included in the measured electroen-
cephalograms, which leads to a problem that a mental disor-
der of the test subject cannot be properly diagnosed. For
example, during non-sleep times, only if the test subject is
sharply conscious of being under electroencephalogram mea-
surement, his or her mental conditions may be different from
those in a normal state, and, thus, abnormal electroencepha-
lograms may be measured, which leads to a problem that the
diagnosis cannot be accurately performed.

Aug. 22,2013

SUMMARY

[0006] The present invention is directed to a mental disor-
der analysis apparatus, including: a storage portion in which
sleep electroencephalogram information, which is informa-
tion on electroencephalograms during sleep of a test subject,
is stored; an analyzing portion that performs analysis regard-
ing presence or absence of a mental disorder using the sleep
electroencephalogram information stored in the storage por-
tion; and an output portion that outputs a result of the analysis
performed by the analyzing portion.

[0007] With this configuration, it is possible to determine
the presence or absence of a mental disorder, using the elec-
troencephalogram information measured during sleep, and to
properly diagnose a mental disorder by reducing, to the extent
possible, the influence on electroencephalograms from an
external environment or the like of a test subject during the
electroencephalogram measurement.

[0008] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, as the analysis, the
analyzing portion acquires information indicating an appear-
ance status of electroencephalogram information at a prede-
termined specific frequency contained in the sleep electroen-
cephalogram information, and determines the presence or
absence of a mental disorder according to the information,
and the output portion outputs a result of the determination
regarding the presence or absence of a mental disorder per-
formed by the analyzing portion.

[0009] With this configuration, it is possible to properly
diagnose a mental disorder using a change in an appearance
status of electroencephalogram information at a specific fre-
quency during sleep, resulting from a mental disorder.

[0010] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
acquires information indicating an appearance status of any
of a waves, d waves, and § waves contained in the sleep
electroencephalogram information, and determines the pres-
ence or absence of a mental disorder according to the infor-
mation.

[0011] With this configuration, it is possible to properly
diagnose a mental disorder using a change in an appearance
status of o waves, 8 waves, or § waves during sleep, resulting
from a mental disorder.

[0012] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
acquires information indicating either one of an appearance
rate and a power of o waves contained in sleep electroen-
cephalogram information in a non-REM sleep period, in the
sleep electroencephalogram information, and determines the
presence or absence of a mental disorder according to the
information.

[0013] With this configuration, it is possible to determine
the presence or absence of a mental disorder, based on a
change in an appearance rate or a power of oo waves in a
non-REM sleep period.

[0014] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
detects spindle waves in an a band in sleep electroencepha-
logram information in a non-REM sleep period, in the sleep
electroencephalogram information, and determines that
depression is present in a case where an appearance rate of the
detected spindle waves exceeds a predetermined threshold
value.
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[0015] With this configuration, it is possible to determine
whether or not depression is present, based on a change in an
appearance status of spindle waves in o wave band in a
non-REM sleep period.

[0016] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
performs Fourier transform to detect an o. wave component in
each of multiple periods forming a non-REM sleep period in
the sleep electroencephalogram information, and determines
that depression is present in a case where an appearance rate
of periods in which the o wave component is detected
exceeds a predetermined threshold value.

[0017] With this configuration, it is possible to determine
whether or not depression is present, based on an appearance
rate of o waves in a non-REM sleep period.

[0018] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
performs Fourier transform to detect an o wave component in
each of at least one period forming a non-REM sleep period in
the sleep electroencephalogram information, and determines
that depression is present in a case where any detected o wave
component has a power exceeding a predetermined threshold
value.

[0019] With this configuration, it is possible to determine
whether or not depression is present, based on a power of o
waves in a non-REM sleep period.

[0020] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
acquires information indicating either one of an appearance
rate and a power of & waves contained in sleep electroen-
cephalogram information in a non-REM sleep period, in the
sleep electroencephalogram information, and determines the
presence or absence of a mental disorder according to the
information.

[0021] With this configuration, it is possible to determine
the presence or absence of a mental disorder, based on a
change in an appearance rate or a power of d waves in a
non-REM sleep period.

[0022] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
performs Fourier transform to detect a § wave component in
each of multiple periods forming a non-REM sleep period in
the sleep electroencephalogram information, and determines
that depression is not present in a case where an appearance
rate of periods in which the § wave component is detected
exceeds a predetermined threshold value.

[0023] With this configuration, it is possible to determine
whether or not depression is present, based on an appearance
rate of & waves in a non-REM sleep period.

[0024] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
performs Fourier transform to detect a § wave component in
each of at least one period forming a non-REM sleep period in
the sleep electroencephalogram information, and determines
that depression is not present in a case where any detected d
wave component has a power exceeding a predetermined
threshold value.

[0025] With this configuration, it is possible to determine
whether or not depression is present, based on a power of §
waves in a non-REM sleep period.

[0026] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
acquires information indicating either one of an appearance
rate and a change in a waveform size of § waves contained in
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sleep electroencephalogram information in a REM sleep
period, in the sleep electroencephalogram information, and
determines the presence or absence of a mental disorder
according to the information.

[0027] With this configuration, it is possible to determine
the presence or absence of a mental disorder based on infor-
mation indicating an appearance rate or a change in a wave-
form size of § waves in a REM sleep period.

[0028] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
performs Fourier transform to detect a § wave component in
each of multiple periods forming a REM sleep period in the
sleep electroencephalogram information, and determines that
depression is present in a case where an appearance rate of
periods in which the [ wave component is detected exceeds a
predetermined threshold value.

[0029] With this configuration, it is possible to determine
whether or not depression is present, based on an appearance
rate of 3 waves in a REM sleep period.

[0030] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
acquires a difference between amplitudes of adjacent waves
in 3 waves in each of at least one period forming a REM sleep
period in the sleep electroencephalogram information, and
determines that depression is present in a case where any
acquired difference between the amplitudes exceeds a prede-
termined threshold value.

[0031] With this configuration, it is possible to determine
whether or not depression is present, based on information
indicating a change in a waveform size of 3 waves in a REM
sleep period.

[0032] Furthermore, the mental disorder analysis apparatus
according to the present invention further includes a medica-
tion determining portion that acquires information indicating
an appearance status of y waves contained in the sleep elec-
troencephalogram information stored in the storage portion,
and determines whether or not drug administration has been
performed for a mental disorder according to the information,
wherein the output portion further outputs a result of the
determination performed by the medication determining por-
tion.

[0033] With this configuration, it is possible to determine
whether or not drug administration has been performed for a
mental disorder.

[0034] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
acquires at least two pieces of information from among: infor-
mation indicating either one of an appearance rate and a
power of o waves contained in sleep electroencephalogram
information in a non-REM sleep period, in the sleep electro-
encephalogram information; information indicating either
one of an appearance rate and a power of d waves contained in
sleep electroencephalogram information in a non-REM sleep
period, in the sleep electroencephalogram information; and
information indicating either one of an appearance rate and a
change in a waveform size of [} waves contained in sleep
electroencephalogram information in a REM sleep period, in
the sleep electroencephalogram information; and determines
the presence or absence of a mental disorder according to a
combination of the acquired pieces of information.

[0035] With this configuration, it is possible to more accu-
rately diagnose a mental disorder.

[0036] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
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acquires electroencephalogram information at least one pre-
determined specific frequency from the sleep electroencepha-
logram information, and the output portion outputs the sleep
electroencephalogram information at the specific frequency
acquired by the analyzing portion.

[0037] With this configuration, for example, it is possible to
use sleep electroencephalogram information at a specific fre-
quency, for example, to diagnose a mental disorder.

[0038] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the output portion
outputs the sleep electroencephalogram information at the
specific frequency acquired by the analyzing portion, and the
sleep electroencephalogram information from which said
sleep electroencephalogram information has been acquired.
[0039] With this configuration, for example, it is possible to
diagnose a mental disorder and the like, using sleep electro-
encephalogram information, and sleep electroencephalo-
gram information at a specific frequency acquired therefrom.
[0040] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
acquires electroencephalogram information at least two pre-
determined specific frequencies from the sleep electroen-
cephalogram information, and the output portion outputs the
sleep electroencephalogram information at the at least two
specific frequencies acquired by the analyzing portion.
[0041] With this configuration, for example, it is possible to
accurately diagnose a mental disorder by referring to sleep
electroencephalogram information at different frequencies.
[0042] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the analyzing portion
acquires information indicating an appearance status of elec-
troencephalogram information at a predetermined specific
frequency from the sleep electroencephalogram information,
and the output portion outputs the information indicating the
appearance status acquired by the analyzing portion.

[0043] With this configuration, it is possible to use an
appearance status of sleep electroencephalogram information
at a specific frequency, for example, to diagnose a mental
disorder.

[0044] Furthermore, in the mental disorder analysis appa-
ratus according to the present invention, the mental disorder is
depression.

[0045] With this configuration, it is possible to properly
diagnose depression.

[0046] Furthermore, the present invention is directed to an
electroencephalogram information output apparatus, includ-
ing: a healthy electroencephalogram storage portion in which
healthy electroencephalogram information, which is infor-
mation on electroencephalograms during sleep of a healthy
person, is stored; a disordered electroencephalogram storage
portion in which disordered electroencephalogram informa-
tion, which is information on electroencephalograms during
sleep of a patient with a mental disorder, is stored; and an
output portion that outputs a waveform indicated by the
healthy electroencephalogram information and a waveform
indicated by the disordered electroencephalogram informa-
tion in juxtaposition.

[0047] With this configuration, it is possible to output infor-
mation useful when diagnosing a mental disorder using the
electroencephalogram information, and to reduce dispersion
in diagnostic results of a mental disorder. For example, it is
possible to easily compare the electroencephalogram of a test
subject with the electroencephalogram of a healthy person
and the electroencephalogram of a patient with a mental
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disorder, and to easily and accurately determine the presence
or absence of a mental disorder.

[0048] Furthermore, the electroencephalogram informa-
tion output apparatus according to the present invention fur-
ther includes an accepting portion that accepts test subject
electroencephalogram information, which is information on
electroencephalograms during sleep of a test subject, wherein
the output portion further outputs, a test subject electroen-
cephalogram, which is a waveform indicated by the test sub-
ject electroencephalogram information, in juxtaposition with
a healthy electroencephalogram and a disordered electroen-
cephalogram.

[0049] With this configuration, it is possible to easily com-
pare the electroencephalogram of a test subject, the electro-
encephalogram of a healthy person, and the electroencepha-
logram of a patient with a mental disorder, and to easily and
accurately determine whether or not the test subject has a
mental disorder.

[0050] Furthermore, in the electroencephalogram informa-
tion output apparatus according to the present invention, the
disordered electroencephalogram information is information
on electroencephalograms of a patient with depression.
[0051] With this configuration, it is possible to easily and
accurately determine whether or not the test subject is a
patient with depression.

[0052] Furthermore, the present invention is directed to a
mental disorder diagnostic sheet that is output by the electro-
encephalogram information output apparatus, wherein wave-
forms respectively indicating the healthy electroencephalo-
gram information and the disordered electroencephalogram
information are displayed in juxtaposition.

[0053] With this configuration, it is possible to easily com-
pare the electroencephalogram of a test subject with the elec-
troencephalogram of a healthy person and the electroen-
cephalogram of a patient with a mental disorder, to easily and
accurately determine the presence or absence of a mental
disorder, and to reduce dispersion in diagnostic results when
diagnosing a mental disorder using the electroencephalogram
information.

[0054] Furthermore, in the mental disorder diagnostic sheet
that is output by the electroencephalogram information out-
put apparatus according to the present invention, wherein
waveforms respectively indicating the healthy electroen-
cephalogram information, the disordered electroencephalo-
gram information, and the test subject electroencephalogram
information are displayed in juxtaposition.

[0055] With this configuration, it is possible to easily com-
pare the electroencephalogram of a test subject, the electro-
encephalogram of a healthy person, and the electroencepha-
logram of a patient with a mental disorder, and to easily and
accurately determine whether or not the test subject has a
mental disorder.

[0056] Furthermore, inthe mental disorder diagnostic sheet
according to the present invention, a healthy electroencepha-
logram, which is a waveform indicating healthy electroen-
cephalogram information, which is information on electro-
encephalograms during sleep of a healthy person, and a
disordered electroencephalogram, which is a waveform indi-
cating disordered electroencephalogram information, which
is information on electroencephalograms during sleep of a
patient with a mental disorder, are displayed in juxtaposition.
[0057] With this configuration, it is possible to easily com-
pare the electroencephalogram of a test subject with the elec-
troencephalogram of a healthy person and the electroen-



US 2013/0218043 Al

cephalogram of a patient with a mental disorder, to easily and
accurately determine the presence or absence of a mental
disorder, and to reduce dispersion in diagnostic results when
diagnosing a mental disorder using the electroencephalogram
information.

[0058] Furthermore, in the mental disorder diagnostic sheet
according to the present invention, wherein a test subject
electroencephalogram, which is a waveform indicated by test
subject electroencephalogram information, which is informa-
tion on electroencephalograms during sleep of a test subject,
is further displayed in juxtaposition with the healthy electro-
encephalogram and the disordered electroencephalogram.
[0059] With this configuration, it is possible to easily com-
pare the electroencephalogram of a test subject, the electro-
encephalogram of a healthy person, and the electroencepha-
logram of a patient with a mental disorder, and to easily and
accurately determine whether or not the test subject has a
mental disorder.

[0060] Furthermore, in the mental disorder diagnostic sheet
according to the present invention, the disordered electroen-
cephalogram information is information on electroencepha-
lograms of a patient with depression.

[0061] With this configuration, it is possible to easily and
accurately determine whether or not the test subject is a
patient with depression.

[0062] With the mental disorder analysis apparatus accord-
ing to the present invention, it is possible to properly diagnose
amental disorder, using electroencephalograms during sleep.
[0063] With the electroencephalogram information output
apparatus according to the present invention, it is possible to
output information useful when diagnosing a mental disorder
using the electroencephalogram information, and to reduce
dispersion in diagnostic results of a mental disorder.

[0064] With the mental disorder diagnostic sheet according
to the present invention, it is possible to reduce dispersion in
diagnostic results when diagnosing a mental disorder using
the electroencephalogram information.

BRIEF DESCRIPTION OF DRAWINGS

[0065] FIG.11isablock diagram of a mental disorder analy-
sis system according to Example of the present invention.
[0066] FIG.2isaschematic graph of sleep electroencepha-
logram information stored in the mental disorder analysis
apparatus according to this example.

[0067] FIG. 3 is a graph showing an exemplary electroen-
cephalogram of a patient with depression, illustrating the
mental disorder analysis apparatus according to this example.
[0068] FIG. 4 is a graph showing an exemplary electroen-
cephalogram of a healthy person, illustrating the mental dis-
order analysis apparatus according to this example.

[0069] FIG. 5 is a graph showing the power of o waves,
illustrating the mental disorder analysis apparatus according
to this example.

[0070] FIG. 6 is a graph showing the power of o waves,
illustrating the mental disorder analysis apparatus according
to this example.

[0071] FIG. 7 is a graph showing the appearance rate of y
waves, illustrating the mental disorder analysis apparatus
according to this example.

[0072] FIG. 8 is a graph showing the appearance rate of y
waves, illustrating the mental disorder analysis apparatus
according to this example.

[0073] FIG. 9 is a flowchart showing an operation of the
mental disorder analysis apparatus according to this example.
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[0074] FIG.10is aflowchart showing an operation in medi-
cation determination processing performed by the mental
disorder analysis apparatus according to this example.
[0075] FIG. 11 is an electroencephalogram information
management table of the mental disorder analysis apparatus
according to this example.

[0076] FIG. 12 is an o spindle wave management table of
the mental disorder analysis apparatus according to this
example.

[0077] FIG. 13 is an o power management table of the
mental disorder analysis apparatus according to this example.
[0078] FIG. 14 is a diagram showing a display example of
a result of an analysis performed by the mental disorder
analysis apparatus according to this example.

[0079] FIG. 15 is a block diagram of a mental disorder
analysis system according to Another Example of the present
invention.

[0080] FIG. 16 is a graph showing an exemplary electroen-
cephalogram of a patient with depression, illustrating the
mental disorder analysis apparatus according to this example.
[0081] FIG. 17 is a graph showing an exemplary electroen-
cephalogram of a healthy person, illustrating the mental dis-
order analysis apparatus according to this example.

[0082] FIG. 18 is a graph showing the power of & waves,
illustrating the mental disorder analysis apparatus according
to this example.

[0083] FIG. 19 is a graph showing the power of & waves,
illustrating the mental disorder analysis apparatus according
to this example.

[0084] FIG. 20 is a flowchart showing an operation of the
mental disorder analysis apparatus according to this example.
[0085] FIG. 21 is a block diagram of a mental disorder
analysis system according to Yet Another Example of the
present invention.

[0086] FIG. 22 is a graph showing the appearance rate of 3
waves, illustrating the mental disorder analysis apparatus
according to this example.

[0087] FIG. 23 is a graph showing the appearance rate of 3
waves, illustrating the mental disorder analysis apparatus
according to this example.

[0088] FIG. 24 is a graph showing an exemplary electroen-
cephalogram of a patient with depression, illustrating the
mental disorder analysis apparatus according to this example.
[0089] FIG. 25 is a graph showing an exemplary electroen-
cephalogram of a healthy person, illustrating the mental dis-
order analysis apparatus according to this example.

[0090] FIG. 26 is a flowchart showing an operation of the
mental disorder analysis apparatus according to this example.
[0091] FIG. 27 is a view showing an exemplary appearance
of'acomputer system according to the examples of the present
invention.

[0092] FIG. 28 is adiagram showing an exemplary configu-
ration of the computer system according to the examples.
[0093] FIG. 29 is a block diagram of an electroencephalo-
gram information output apparatus according to Further
Example of the present invention.

[0094] FIG. 30 is a view showing an exemplary mental
disorder diagnostic sheet according to this example.

[0095] FIG. 31 is a view showing an exemplary mental
disorder diagnostic sheet according to this example.

[0096] FIG. 32 isaflowchartillustrating an operation of the
electroencephalogram information output apparatus accord-
ing to this example.
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[0097] FIG. 33 is a schematic view of the electroencepha-
logram information output apparatus according to this
example.

[0098] FIG. 34 is a table showing exemplary healthy elec-
troencephalogram information stored in the electroencepha-
logram information output apparatus.

DETAILED DESCRIPTION

[0099] Hereinafter, examples of a mental disorder analysis
apparatus and the like will be described with reference to the
drawings. Note that constituent elements denoted by the same
reference numerals perform the same operations in the
examples, and, thus, a description thereof may not be
repeated.

Example

[0100] Thepresentinventionis to analyze a mental disorder
of a test subject using information on electroencephalograms
measured during sleep of the test subject, in order to eliminate
influences on the electroencephalograms given by the state or
the environment of the test subject during the electroencepha-
logram measurement. In particular, the present invention is to
analyze the presence or absence of a mental disorder of a test
subject using electroencephalograms during sleep, utilizing a
new finding on a relationship between the electroencephalo-
grams during sleep of a healthy person and a mental disorder
such as depression, which was obtained as a result of an
in-depth study by the inventors.

[0101] FIG.1isablock diagram of a mental disorder analy-
sis system 10 in this example.

[0102] The mental disorder analysis system 10 includes a
mental disorder analysis apparatus 1 and an electroencepha-
logram acquiring apparatus 5.

[0103] The mental disorder analysis apparatus 1 includes a
storage portion 101, an analyzing portion 102, a medication
determining portion 103, and an output portion 104.

[0104] The analyzing portion 102 includes an appearance
status acquiring unit 1021, a determining unit 1022, and a
specific electroencephalogram acquiring unit 1023.

[0105] The medication determining portion 103 includes a
y appearance status acquiring unit 1031 and an administration
determining unit 1032.

[0106] In the storage portion 101, sleep electroencephalo-
gram information, which is information on electroencepha-
lograms during sleep of a test subject, is stored. The informa-
tion on electroencephalograms (hereinafter, referred to as
“electroencephalogram information™) is, for example, infor-
mation indicating an electroencephalogram. For example, the
electroencephalogram information is information indicating
a power such as a voltage acquired from the brain in a time
series. The sleep electroencephalogram information may be
divided into one or more sections each in a period having a
predetermined length called an epoch or the like. As the
epoch, for example, a period having any length within
approximately 30 to 60 seconds is set. Note that any seconds
may be set as the length of the epoch, and there is no limitation
on the length. Here, the epoch may be considered as a mea-
surement time unit when measuring electroencephalograms
or as a processing unit when performing calculation or the
like of electroencephalograms. Each period called an epoch
or the like may be associated, for example, with information
on the start time or the end time of the period. Furthermore,
each period may be associated with information indicating
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the acquisition order of the epoch, information for identifying
the epoch, or the like. The sleep electroencephalogram infor-
mation stored in the storage portion 101 may be electroen-
cephalogram information in part of the sleep period of a test
subject. For example, in the sleep electroencephalogram
information, information only in a REM sleep period or a
non-REM sleep period, or only partial information thereof
may be stored in the storage portion 101. In the storage
portion 101, electroencephalogram information containing
the sleep electroencephalogram information may be stored.
For example, in the storage portion 101, electroencephalo-
gram information during sleep and electroencephalogram
information before or after sleep may be stored.

[0107] FIG. 2 is a schematic graph of a sleep process in
which the sleep state indicated by electroencephalogram
information containing one piece of sleep electroencephalo-
gram information stored in the storage portion 101 is shown
in a time series. For example, in the graph, the portions
indicated by “R”, “L”, and “D” correspond to the sleep elec-
troencephalogram information. Note that this graph does not
show the electroencephalogram information itself.

[0108] In the storage portion 101, for example, the sleep
electroencephalogram information of a test subject is stored
in association with identifying information of the test subject.
The identifying information of a test subject is a name of the
test subject, a number or a symbol allocated to the test subject,
or the like. In the storage portion 101, sleep electroencepha-
logram information acquired by an electroencephalograph or
the like may be stored as it is, or sleep electroencephalogram
information at one or more specific frequencies may be
stored. Here, the frequency may be considered as a frequency
band. The sleep electroencephalogram information at a spe-
cific frequency refers to, for example, & waves (0.5 to 4 Hz),
a waves (8 to 12 Hz), f waves (18 to 30 Hz), y waves (35 to
45 Hz), and the like.

[0109] There is no limitation on the procedure in which the
sleep electroencephalogram information is accumulated in
the storage portion 101. For example, the sleep electroen-
cephalogram information may be accumulated via a storage
medium, or the sleep electroencephalogram information
transmitted via a communication line, a signal wire, or the
like may be accepted via an accepting portion (not shown) or
the like and accumulated in the storage portion 101. This
example will be described using, as an example, a case in
which the electroencephalogram information containing the
sleep electroencephalogram information of a test subject
acquired by the electroencephalogram acquiring apparatus 5
(described later) is accumulated in the storage portion 101.
Note that the accumulation is a concept that also includes
temporary storage. The storage portion 101 is preferably a
non-volatile storage medium, but may be realized also as a
volatile storage medium.

[0110] The analyzing portion 102 performs analysis
regarding the presence or absence of a mental disorder using
the sleep electroencephalogram information stored in the
storage portion 101. Specifically, the sleep electroencephalo-
gram information of one test subject is used to perform analy-
sis regarding the presence or absence of a mental disorder of
the test subject. Examples of the mental disorder include
depression, schizophrenia, panic disorder, and the like. The
analysis regarding the presence or absence of a mental disor-
der performed by the analyzing portion 102 is, for example, to
determine the presence or absence of a mental disorder. Fur-
thermore, a process in which information on electroencepha-
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lograms used to determine the presence or absence of a men-
tal disorder is acquired from the sleep electroencephalogram
information may be considered as the analysis regarding the
presence or absence of a mental disorder using the sleep
electroencephalogram information. For example, the analysis
may be a process that acquires portions in the sleep electro-
encephalogram information related to the presence or
absence of a mental disorder, values obtained by processing
the sleep electroencephalogram information, or the like.

[0111] The analyzing portion 102 acquires, for example,
information indicating an appearance status of electroen-
cephalogram information at a predetermined specific fre-
quency contained in the sleep electroencephalogram infor-
mation. Then, the presence or absence of a mental disorder is
determined according to the acquired information. The elec-
troencephalogram information at a specific frequency may be
considered as electroencephalogram information in a specific
frequency band. The electroencephalogram information at a
specific frequency refers to, for example, d waves, o waves, f3
waves, y waves, or the like as described above. For example,
the analyzing portion 102 acquires information indicating an
appearance status of o waves, d waves, or § waves contained
in the sleep electroencephalogram information, and deter-
mines the presence or absence of a mental disorder according
to the information. The analyzing portion 102 performs the
analysis, for example, using the electroencephalogram infor-
mation at a frequency corresponding to an analysis content, in
the sleep electroencephalogram information. Determining
the presence or absence of a mental disorder may be consid-
ered as determining the possibility of the presence or absence
ofamental disorder, determining the level of the possibility of
the presence or absence, or the like.

[0112] The appearance status of the electroencephalogram
information at a specific frequency is, for example, an appear-
ance rate of the electroencephalogram information at a spe-
cific frequency, a status of the power of the electroencepha-
logram information at a specific frequency, a status of the
amplitude of the electroencephalogram information at a spe-
cific frequency, a status of the waveform of the electroen-
cephalogram information at a specific frequency being disor-
dered or disturbed, or the like.

[0113] Furthermore, at the time of analysis, the analyzing
portion 102 may use only the electroencephalogram informa-
tion in a specific period corresponding to an analysis content,
in the sleep electroencephalogram information. The specific
period is, for example, a REM sleep period, a non-REM sleep
period, or a period specified based on the time at which a
person falls asleep, is awakened, or enters REM sleep, or the
like. If the electroencephalogram information containing the
sleep electroencephalogram information is stored in the stor-
age portion 101, the analyzing portion 102 acquires the sleep
electroencephalogram information, for example, from the
electroencephalogram information. Furthermore, if the elec-
troencephalogram information in a specific period in the
sleep electroencephalogram information is used for the
analysis, the analyzing portion 102 may acquire the electro-
encephalogram information in the specific period, for
example, from the sleep electroencephalogram information
stored in the storage portion 101. If the sleep electroencepha-
logram information in a specific period used for the analysis
is stored in advance in the storage portion 101, the sleep
electroencephalogram information in the specific period may
be read. The sleep electroencephalogram information read by
the analyzing portion 102 may be information in the unit of
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epoch described above. The process that acquires the sleep
electroencephalogram information or the electroencephalo-
gram information in a specific period such as a REM sleep
period or a non-REM sleep period from the electroencepha-
logram information is known, for example, in JP 2004-
173887 A (Paragraph 0016, etc.), and, thus, a detailed descrip-
tion thereof has been omitted.

[0114] In this example, as an example, a case will be
described in which the analyzing portion 102 includes the
appearance status acquiring unit 1021 and the determining
unit 1022, and uses these units to acquire information indi-
cating an appearance status of o waves contained in the sleep
electroencephalogram information in a non-REM sleep
period, in the sleep electroencephalogram information, and to
determine the presence or absence of a mental disorder
according to the acquired information.

[0115] Furthermore, the analyzing portion 102 may acquire
the electroencephalogram information at one or more, or two
or more predetermined specific frequencies (frequency
bands) from the sleep electroencephalogram information.
The electroencephalogram information at one or more, or two
or more specific frequencies can be acquired, for example,
using a filter such as a bandpass filter. In this example, as an
example, a case will be described in which the analyzing
portion 102 includes the specific electroencephalogram
acquiring unit 1023, and uses this unit to acquire the electro-
encephalogram information at one or more, or two or more
specific frequencies (frequency bands).

[0116] The analyzing portion 102 may be realized typically
as an MPU, a memory, or the like. Typically, the processing
procedure of the analyzing portion 102 is realized by soft-
ware, and the software is stored in a storage medium such as
a ROM. Note that the processing procedure may be realized
also by hardware (a dedicated circuit).

[0117] The appearance status acquiring unit 1021 acquires
information indicating an appearance status of o waves con-
tained in the sleep electroencephalogram information in a
non-REM sleep period, in the sleep electroencephalogram
information. For example, the appearance status acquiring
unit 1021 acquires information indicating an appearance rate
or a power of o waves contained in the sleep electroencepha-
logram information in a non-REM sleep period, in the sleep
electroencephalogram information. Here, as an example,
cases will be respectively described in which, in order to
determine the presence or absence of depression, which is one
type of mental disorder, the appearance status acquiring unit
1021 acquires (1) information indicating an appearance rate
of spindle waves of o waves in a non-REM sleep period, (2)
information indicating an appearance rate of o waves in a
non-REM sleep period, and (3) a power of o waves in a
non-REM sleep period.

[0118] (1) The Case in which an Appearance Rate of
Spindle Waves of oo Waves is Acquired

[0119] Generally, in the electroencephalograms in a non-
REM sleep period of a healthy person, a substantially spindle-
shaped electroencephalogram pattern (waveform) in a fre-
quency band of 12 to 14 Hz, which is called sleep spindle
waves, is rhythmically and successively appears. Meanwhile,
there are spindle waves in o wave band (hereinafter, “o
spindle waves”), which are an electroencephalogram pattern
having a shape similar to that of the sleep spindle waves, but
having a frequency band different therefrom. As a result of an
in-depth study by the inventors, a new finding was obtained
that o spindle waves seldom appear in a non-REM sleep
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period of a healthy person, whereas o. spindle waves very
often appear in a non-REM sleep period of a patient with
depression. The obtained finding was that, for example, if the
sleep electroencephalogram information is composed of mul-
tiple epochs each in 30 seconds, the o spindle waves appear in
almost all epochs in a non-REM sleep period.

[0120] FIG. 3 is a graph showing an exemplary electroen-
cephalogram in one epoch in a non-REM sleep period, in the
sleep electroencephalogram information of a patient with
depression.

[0121] FIG. 4 is a graph showing an exemplary electroen-
cephalogram in one epoch in a non-REM sleep period, in the
sleep electroencephalogram information of a healthy person.
[0122] As shown in FIG. 3, a large number of a spindle
waves 61a to 61c appear in the electroencephalogram infor-
mation in a non-REM sleep period of a patient with depres-
sion, whereas, as shown in FIG. 4, o spindle waves seldom
appear in the electroencephalogram information in a non-
REM sleep period of a healthy person.

[0123] Thus, the appearance status acquiring unit 1021
detects spindle waves in the o band in the sleep electroen-
cephalogram information in a non-REM sleep period, in the
sleep electroencephalogram information, and acquires infor-
mation indicating an appearance rate of the spindle waves.
The appearance status acquiring unit 1021 may detect spindle
waves in the o band in predetermined part of a non-REM
sleep period. For example, the appearance status acquiring
unit 1021 detects a spindle waves, in a period having a pre-
determined length in a non-REM sleep period, or in a prede-
termined number of successive epochs. The o spindle waves
have an electroencephalogram pattern similar to that of sleep
spindle waves except for the frequency band. Accordingly,
the o spindle waves can be acquired, for example, using
similar processing for acquiring spindle waves as disclosed in
JP S58-78647A, for example. Note that one o spindle wave
has a length of, for example, 0.5 to 1.5 seconds.

[0124] The appearance status acquiring unit 1021 may take
the number of detected a spindle waves, as the information
indicating the appearance rate. Furthermore, for example, a
value obtained by dividing the number of detected spindle
waves with the number of epochs targeted for the detection or
the length of period targeted for the detection may be taken as
the information indicating the appearance rate. Furthermore,
the appearance status acquiring unit 1021 may take the num-
ber of epochs in which one or more o spindle waves are
detected in a predetermined number of epochs in a non-REM
sleep period, or the ratio of this number of epochs with respect
to a predetermined number, as the information indicating the
appearance rate.

[0125] (2) The Case in which Information Indicating an
Appearance Rate of oo Waves is Acquired

[0126] As described above, in the case of a patient with
depression, o spindle waves often appear in anon-REM sleep
period, and, thus, an appearance rate of the o waves in the
non-REM sleep period is high.

[0127] FIG. 5is an exemplary graph in which o wave peak
values obtained by performing fast Fourier transform on the
epochs of the sleep electroencephalogram information of a
patient with depression are arranged in a time series. In the
graph, a non-REM sleep period is indicated as a hatched
portion.

[0128] Furthermore, FIG. 6 is an exemplary graph in which
o wave peak values obtained by performing fast Fourier
transform on the epochs of the sleep electroencephalogram
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information of a healthy person are arranged in a time series.
In the graph, anon-REM sleep period s indicated as a hatched
portion.

[0129] As clearly seen from FIGS. 5 and 6, a patient with
depression has higher powers of o waves in a non-REM sleep
period.

[0130] Thus, the appearance status acquiring unit 1021
acquires information indicating an appearance rate of o
waves in the sleep electroencephalogram information in a
non-REM sleep period, in the sleep electroencephalogram
information. Here, as an example, the appearance status
acquiring unit 1021 performs Fourier transform to detect an o
wave component in each of multiple periods forming a non-
REM sleep period in the sleep electroencephalogram infor-
mation, and acquires information indicating an appearance
rate of periods in which the o. wave component is detected, as
information indicating an appearance rate of o waves. The
period in which an o wave component is detected may be
considered as a period in which o. waves at a predetermined
threshold value or more are detected. The multiple periods
forming a non-REM sleep period in the sleep electroencepha-
logram information may be multiple periods obtained by
dividing a non-REM sleep period in order to perform Fourier
transform, or may be periods such as epochs that have been
divided in advance as described above. The periods prefer-
ably have the same length. For example, the appearance status
acquiring unit 1021 performs Fourier transform on each of
multiple predetermined periods (e.g., epochs) forming a non-
REM sleep period, thereby acquiring a frequency spectrum.
As the Fourier transform, for example, fast Fourier transform
(hereinafter, referred to as “FFT”) is performed. Then, it is
determined whether or not an o. wave component is contained
in the FFT result (e.g., spectrum obtained by FFT) on each
period (epoch). For example, the appearance status acquiring
unit 1021 may determine whether or not an o. wave compo-
nent at a level of a predetermined threshold value or more is
contained in the FFT result obtained on each period, and, if
the a. wave component at a level of the threshold value or
more is contained, determine that the o wave component is
contained in that period. Then, the number of periods (ep-
ochs) determined to contain the oo wave component, or the
ratio of this number with respect to the predetermined number
of multiple periods may be taken as the information indicat-
ing the appearance rate. Note that, instead of Fourier trans-
form, a spectrum analyzer or the like may be used to detect the
presence or absence of o waves in each period.

[0131] (3) The Case in which a Power of oo Waves in a
Non-REM Sleep Period is Acquired

[0132] As described above, in the case of a patient with
depression, o.spindle waves often appear in a non-REM sleep
period, and, thus, a power of the o waves in the non-REM
sleep period is high. Thus, the appearance status acquiring
unit 1021 acquires information indicating a power of o. waves
in the sleep electroencephalogram information in a non-REM
sleep period, in the sleep electroencephalogram information.
The power of a waves is, for example, an energy of the o
waves per unit time, a waveform size (e.g., voltage) of the o
waves, or the like. Note that the same is applied to the elec-
troencephalogram information in other frequency bands.
Here, as an example, the appearance status acquiring unit
1021 performs, as in (2) above, Fourier transform such as FF'T
to detect an o wave component in each of one or more periods
forming a non-REM sleep period in the sleep electroencepha-
logram information, and acquires a level (value) such as peak
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of the detected o. wave component, as information indicating
a power of o waves in each period. Alternatively, the sum of
the powers in oo wave band or the integral values of the powers
indicated by the FFT result may be acquired as the informa-
tion indicating a power of o waves. Accordingly, for example,
information indicating a time-series change in the power of a
waves in each period can be acquired. Note that, instead of
Fourier transform, a spectrum analyzer or the like may be
used to detect the power of o waves in each period.

[0133] The appearance status acquiring unit 1021 may per-
form only one process or may perform multiple processes of
the above-described processes (1) to (3).

[0134] The appearance status acquiring unit 1021 may be
realized typically as an MPU, a memory, or the like. Typi-
cally, the processing procedure of the appearance status
acquiring unit 1021 is realized by software, and the software
is stored in a storage medium such as a ROM. Note that the
processing procedure may be realized also by hardware (a
dedicated circuit).

[0135] The determining unit 1022 determines the presence
or absence of a mental disorder according to the information
indicating an appearance status of a waves acquired by the
appearance status acquiring unit 1021. For example, the
determining unit 1022 determines the presence or absence of
a mental disorder according to the information indicating an
appearance rate or a power of o waves acquired by the appear-
ance status acquiring unit 1021.

[0136] Forexample, if the appearance status acquiring unit
1021 acquires information indicating an appearance rate of
spindle waves of o waves in a non-REM sleep period as in (1)
above, the determining unit 1022 reads a threshold value for
the appearance rate of o spindle waves prepared in advance,
and determines whether or not the value indicating the
appearance rate of o spindle waves acquired by the appear-
ance status acquiring unit 1021 exceeds the threshold value. If
the value exceeds the threshold value, the determining unit
1022 determines that the test subject associated with the sleep
electroencephalogram information has depression. For
example, the threshold value in this case is preferably 2 or
more. Furthermore, if the appearance rate of epochs contain-
ing o spindle waves at the threshold value or more in multiple
epochs in a non-REM sleep period is a threshold value or
more, it may be determined that depression is present. For
example, in this case, if the appearance rate of epochs con-
taining two or more o spindle waves is 80% or more, prefer-
ably 90% or more, with respect to the entire epochs targeted
for the detection, it is determined that the possibility of having
depression is high. Determining that depression is present is
a concept that also includes determining that the possibility of
having depression is high. The same is applied to the descrip-
tion below.

[0137] Furthermore, for example, if the appearance status
acquiring unit 1021 acquires information indicating an
appearance rate of a waves in a non-REM sleep period as in
(2) above, the determining unit 1022 reads a threshold value
for the appearance rate of o waves prepared in advance, and
determines whether or not the value indicating the appearance
rate of periods in which o waves are detected exceeds the
threshold value, the appearance rate being acquired by the
appearance status acquiring unit 1021. If the value exceeds
the threshold value, the determining unit 1022 determines
that the test subject associated with the sleep electroencepha-
logram information has depression. The study by the inven-
tors has revealed that the threshold value for the appearance
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rate of oo waves may be set at, for example, 12%, preferably
15%. For example, if a ratio of the time in which o. waves are
detected in the whole or part of a non-REM sleep period is
12% or more, the determining unit 1022 determines that
depression is present.

[0138] Furthermore, for example, if the appearance status
acquiring unit 1021 acquires information indicating a power
of'an o wave component in a non-REM sleep period as in (3)
above, the determining unit 1022 reads a threshold value for
the power of o waves prepared in advance, and determines
whether or not any o wave component acquired in each
period by the appearance status acquiring unit 1021 has a
power exceeding the threshold value. If any o wave compo-
nent exceeds the threshold value, the determining unit 1022
determines that the test subject associated with the sleep
electroencephalogram information has depression. The
threshold value for the power of o waves is, for example, 1 to
1.5 uV?2. In order to detect serious depression, the threshold
value may be set at 2 pV>. Alternatively, in consideration of
factors such as noise or measurement errors, it may be deter-
mined that any oo wave component acquired in each period
has a power exceeding the threshold value, if the number of
periods exhibiting a power exceeding the threshold value is a
predetermined number or more. Furthermore, the determin-
ing unit 1022 may calculate an average value of the powers of
a waves in the respective periods, and determine whether or
not this average value exceeds the predetermined threshold
value, thereby determining whether or not any o. wave com-
ponent acquired in each period by the appearance status
acquiring unit 1021 has a power exceeding the threshold
value. It will be appreciated that, if the average value exceeds
the threshold value, a value exceeding the threshold value is
included, and, thus, such determination eventually provides a
similar determination result.

[0139] Note that, if the appearance status acquiring unit
1021 performs multiple processes of the above-described
processes (1) to (3), the determining unit 1022 may individu-
ally perform the above-described determination on each of
the processing results, and acquire the respective determina-
tion results. Furthermore, a comprehensive determination
result may be acquired by further using these determination
results. For example, only if all the determination results on
the respective multiple processes indicate that depression is
present, a determination result that depression is present may
be acquired. Furthermore, if the determination results on the
respective multiple processes include both a determination
result that depression is present and a determination result
that depression is not present, a determination result that there
is a possibility of depression or the like may be acquired.
[0140] Thedetermining unit 1022 may be realized typically
as an MPU, a memory, or the like. Typically, the processing
procedure of the determining unit 1022 is realized by soft-
ware, and the software is stored in a storage medium such as
a ROM. Note that the processing procedure may be realized
also by hardware (a dedicated circuit).

[0141] The specific electroencephalogram acquiring unit
1023 acquires electroencephalogram information at one or
more predetermined specific frequencies from the sleep elec-
troencephalogram information. Here, a specific frequency
may be considered as a specific frequency band. In this
example, as an example, o waves are acquired from the sleep
electroencephalogram information. The electroencephalo-
gram information at one or more predetermined specific fre-
quencies may be a portion in which the above-described o
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spindle waves are detected. Acquiring the electroencephalo-
gram information at a specific frequency may be extracting
information on a waveform indicating only the specific fre-
quency component using a filter such as a bandpass filter, may
be acquiring electroencephalogram information containing
the specific frequency, or may be acquiring information that
eventually makes it possible to acquire electroencephalogram
information containing the specific frequency, such as infor-
mation indicating a period containing the specific frequency.
For example, it may be acquiring information on a waveform
containing the specific frequency component, or a time indi-
cating a period in which this waveform is present (the start
time or the end time), from the sleep electroencephalogram
information. For example, in the sleep electroencephalogram
information, a waveform in a period corresponding to a
period in which o waves spindle waves are detected may be
acquired as the electroencephalogram information at a spe-
cific frequency. The specific electroencephalogram acquiring
unit 1023 acquires, for example, the electroencephalogram
information at a specific frequency from the sleep electroen-
cephalogram information in a non-REM sleep period. For
example, the electroencephalogram information at a specific
frequency is acquired in a period in which the appearance
status acquiring unit 1021 is to acquire the information indi-
cating an appearance status of o waves, in a non-REM sleep
period. Here, the electroencephalogram information at a spe-
cific frequency that is to be acquired may be only a portion in
which the output of the amplitude or the like is a predeter-
mined threshold value or more. For example, the electroen-
cephalogram information that is to be acquired by the specific
electroencephalogram acquiring unit 1023 may be electroen-
cephalogram information in non-successive multiple periods
having the electroencephalogram information at a specific
frequency. Furthermore, the analyzing portion 102 may
acquire the electroencephalogram information at two or more
predetermined specific frequencies. For example, the electro-
encephalogram information of o waves, § waves, or the like
may be acquired.

[0142] Furthermore, the specific electroencephalogram
acquiring unit 1023 may acquire information indicating an
appearance status of electroencephalogram information at a
predetermined specific frequency, from the sleep electroen-
cephalogram information. This processing is similar to the
processing performed by the appearance status acquiring unit
1021. Thus, portions of the appearance status acquiring unit
1021 and the specific electroencephalogram acquiring unit
1023 that perform this processing may be provided as one
unit. Alternatively, the specific electroencephalogram acquir-
ing unit 1023 may acquire as appropriate information indi-
cating the appearance status acquired by the appearance sta-
tus acquiring unit 1021. Here, as an example, the
electroencephalogram information at a specific frequency
refers to o waves.

[0143] The specific electroencephalogram acquiring unit
1023 may be realized typically as an MPU, a memory, or the
like. Typically, the processing procedure of the specific elec-
troencephalogram acquiring unit 1023 is realized by soft-
ware, and the software is stored in a storage medium such as
a ROM. Note that the processing procedure may be realized
also by hardware (a dedicated circuit).

[0144] The medication determining portion 103 acquires
information indicating an appearance status of y waves con-
tained in the sleep electroencephalogram information stored
in the storage portion 101, and determines whether or not
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drug administration has been performed for a mental disorder
according to this information. The y waves detected in the
sleep electroencephalogram information correspond to a
waveform of noise generated by the body greatly swinging
during body motion, and it seems that, during sleep, the y
waves correspond to a waveform generated when test subject
is performing a so-called roll-over. That is to say, detecting y
waves is detecting a point in time at which the test subject
rolls over. As a part of medical treatment for patients with
depression, there is a case in which tranquilizers, anti-depres-
sants, or the like are administered to induce sleep with the
effects of these drugs. It is often the case that patients admin-
istered with such drags do not roll over particularly in the first
half of sleep. That is to say, if patients are on medication,
generation of y waves tends to be lowered.

[0145] FIG. 7 is an exemplary graph in which generation
ratios of y waves in respective epochs in sleep period of a
patient with depression, obtained by performing FFT on the
epochs, are arranged in a time series.

[0146] Furthermore, FIG. 8 is an exemplary graph in which
generation ratios of y waves in respective epochs in sleep
period of a healthy person, obtained by performing FFT on
the epochs, are arranged in a time series.

[0147] As clearly seen from FIGS. 7 and 8, a patient with
depression has lower appearance rates of y waves than those
of a healthy person in the first half of sleep period.

[0148] Using this aspect, the medication determining por-
tion 103 determines whether or not drug administration has
been performed for a mental disorder, by determining how
often the test subject rolls over, using the information indi-
cating an appearance status of y waves contained in the sleep
electroencephalogram information. Here, as an example, a
case will be described in which the medication determining
portion 103 uses the y appearance status acquiring unit 1031
and the administration determining unit 1032 to perform
determination regarding medication.

[0149] The medication determining portion 103 may be
realized typically as an MPU, a memory, or the like. Typi-
cally, the processing procedure of the medication determin-
ing portion 103 is realized by software, and the software is
stored in a storage medium such as a ROM. Note that the
processing procedure may be realized also by hardware (a
dedicated circuit).

[0150] The y appearance status acquiring unit 1031
acquires information indicating an appearance status of y
waves contained in the sleep electroencephalogram informa-
tion stored in the storage portion 101. In consideration of the
influence of medication, for example, the y appearance status
acquiring unit 1031 preferably acquires information indicat-
ing an appearance status of y waves in part or the whole of the
sleep electroencephalogram information in the first half of
sleep period. The information indicating an appearance status
is, for example, information indicating an appearance rate.
For example, as in the processing in which the appearance
status acquiring unit 1021 acquires information indicating an
appearance rate of o waves as in (2) above, the y appearance
status acquiring unit 1031 performs Fourier transform to
detect a y wave component in each of multiple periods in the
sleep electroencephalogram information, and acquires infor-
mation indicating an appearance rate of periods in which a y
wave component is detected, as information indicating an
appearance rate of y waves. The period in which a y wave
component is detected may be considered as a period in which
y waves at a predetermined threshold value or more are
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detected. Furthermore, as in (3) above, the power of the y
waves in one or more periods in the sleep electroencephalo-
gram information may be acquired as information indicating
an appearance status of y waves.

[0151] They appearance status acquiring unit 1031 may be
realized typically as an MPU, a memory, or the like. Typi-
cally, the processing procedure of the y appearance status
acquiring unit 1031 is realized by software, and the software
is stored in a storage medium such as a ROM. Note that the
processing procedure may be realized also by hardware (a
dedicated circuit).

[0152] The administration determining unit 1032 deter-
mines whether or not drug administration has been performed
for a mental disorder, according to the information indicating
an appearance status of y waves acquired by the y appearance
status acquiring unit 1031. For example, the administration
determining unit 1032 reads a predetermined threshold value,
and determines whether or not the value of the information
indicating an appearance status of y waves acquired by the y
appearance status acquiring unit 1031 exceeds the threshold
value. If the value does not exceed the threshold value, the
administration determining unit 1032 determines that drug
administration has been performed for a mental disorder. For
example, if the number of times of appearance of y waves in
sleep period for 7 to 8 hours is less than 30, the administration
determining unit 1032 determines that drug administration
has been performed. Furthermore, since generation of y
waves in the first half of sleep period is low if drug adminis-
tration has been performed, the administration determining
unit 1032 may determine that drug administration has been
performed if the number of times of appearance of y waves in
about 3 hours in the first half of sleep period is less than 10. In
orderto perform more reliable determination, it may be deter-
mined that drug administration has been performed if the
number of times of appearance of y waves is less than 5.
[0153] The administration determining unit 1032 may be
realized typically as an MPU, a memory, or the like. Typi-
cally, the processing procedure of the administration deter-
mining unit 1032 is realized by software, and the software is
stored in a storage medium such as a ROM. Note that the
processing procedure may be realized also by hardware (a
dedicated circuit).

[0154] The output portion 104 outputs a result of the analy-
sis performed by the analyzing portion 102. For example, the
output portion 104 outputs a result of the determination
regarding the presence or absence of a mental disorder per-
formed by the analyzing portion 102 (here, in particular, the
determining unit 1022). The result of the determination
regarding the presence or absence of a mental disorder may be
information including the name of the mental disorder. Fur-
thermore, the output portion 104 may output a result of the
determination performed by the medication determining por-
tion 103 (here, in particular, the administration determining
unit 1032). For example, a result of the determination indi-
cating the presence or absence of medication may be output.
[0155] Furthermore, the output portion 104 may output, for
example, the sleep electroencephalogram information at the
specific frequency acquired by the analyzing portion 102
(here, in particular, the specific electroencephalogram acquir-
ing unit 1023). The output indicating the sleep electroen-
cephalogram information at a specific frequency may be out-
put of a waveform at the specific frequency acquired by the
analyzing portion 102 using filtering or the like, such as a
waveform of o waves as it is, or may be output indicating the
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portion or period containing the specific frequency acquired
by the analyzing portion 102 in the sleep electroencephalo-
gram information. Such output makes it easy to find an abnor-
mal portion.

[0156] Theoutputportion 104 may output, for example, the
sleep electroencephalogram information at the specific fre-
quency acquired by the analyzing portion 102 (here, in par-
ticular, the specific electroencephalogram acquiring unit
1023) and the sleep electroencephalogram information from
which said sleep electroencephalogram information has been
acquired. For example, this output may be output of a wave-
form at a specific frequency acquired using filtering or the
like, such as a waveform of o waves, and a waveform of sleep
electroencephalogram information from which said wave-
form has been acquired, or may be output of a portion in
which a waveform at a specific frequency has been acquired
in the sleep electroencephalogram information, in a display
mode different from that of the other portions (e.g., high-
lighted output).

[0157] Furthermore, the output portion 104 outputs, for
example, the sleep electroencephalogram information at the
two or more specific frequencies acquired by the analyzing
portion 102 (here, in particular, the specific electroencepha-
logram acquiring unit 1023). For example, this output may be
output of waveforms at two or more specific frequencies
acquired using filtering or the like, such as a waveform of
waves and a waveform of § waves, or may be output of only
a portion in which waveforms at two or more specific fre-
quencies are contained in the sleep electroencephalogram
information.

[0158] Furthermore, the output portion 104 may output, for
example, the information indicating the appearance status
acquired by the analyzing portion 102 (here, in particular, the
specific electroencephalogram acquiring unit 1023). For
example, information in which powers at a specific frequency
respectively acquired in successive multiple periods (e.g.,
epochs) contained in the sleep electroencephalogram infor-
mation are shown in a time series in the form of a graph may
be output as information indicating an appearance status.

[0159] Output described here is a concept that includes
display on a display screen, projection using a projector,
printing in a printer, transmission to an external apparatus,
accumulation in a storage medium, delivery of a processing
result to another processing apparatus or another program,
and the like. The output portion 104 may be considered to
include or not to include an output device, such as a display
screen or a loudspeaker. The output portion 104 may be
realized as driver software for an output device, or a combi-
nation of driver software for an output device, the output
device, and the like.

[0160] The electroencephalogram acquiring apparatus 5
measures the electroencephalograms during sleep of a test
subject. The sleep electroencephalogram information
acquired by the measurement is transmitted to the mental
disorder analysis apparatus 1 via a network or a signal wire or
accumulated in a storage medium (not shown) or the like. The
electroencephalogram acquiring apparatus 5 is, for example,
an electroencephalograph.

[0161] FIG. 9 is a flowchart showing an operation of the
mental disorder analysis apparatus in this example. Herein-
after, this operation will be described. Here, it is assumed that
sleep electroencephalogram information is information com-
posed of multiple epochs.
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[0162] (Step S901) It is determined whether or not the
mental disorder analysis apparatus 1 has accepted an instruc-
tion for performing analysis of the sleep electroencephalo-
gram information. This instruction is accepted, for example,
via an accepting portion (not shown) or the like. The instruc-
tion for performing analysis may have information for iden-
tifying a test subject, or information for identifying sleep
electroencephalogram information targeted for the analysis.
For example, in the storage portion 101, the sleep electroen-
cephalogram information of a test subject is accumulated in
association with the information for identifying the test sub-
ject and the information for identifying the sleep electroen-
cephalogram information. If the instruction for performing
analysis has been accepted, the procedure advances to step
S902, and, if not, the procedure returns to step S901.

[0163] (Step S902) The appearance status acquiring unit
1021 reads electroencephalogram information for n epochs (n
is an integer of 2 or more) in a non-REM sleep period, from
the sleep electroencephalogram information stored in the
storage portion 101. For example, successive n epochs are
read after the elapse of a predetermined period of time after
the start time of a non-REM sleep period. The appearance
status acquiring unit 1021 reads epochs, for example, from
the sleep electroencephalogram information associated with
the identifying information of a test subject specified by the
instruction for performing analysis, or the sleep electroen-
cephalogram information corresponding to the identifying
information specified by the instruction for performing analy-
sis. The read electroencephalogram information is tempo-
rarily stored in a memory (not shown) or the like.

[0164] (Step S903) The appearance status acquiring unit
1021 substitutes 1 for a counter m, and substitutes 0 for a
counter k.

[0165] (Step S904) The appearance status acquiring unit
1021 determines whether or not the value of the counter m is
larger than n. If the value is not larger than n, the procedure
advances to step S905, and, otherwise, the procedure
advances to step S913.

[0166] (Step S905) The appearance status acquiring unit
1021 detects a spindle waves in an mth epoch.

[0167] (Step S906) The appearance status acquiring unit
1021 determines whether or not p or more . spindle waves (p
is an integer of 1 or more) are detected in the mth epoch. As
the value of p, for example, “2” or the like is used. Note that
the value of p is preferably optimized according to experi-
mental results or the like. If p or more « spindle waves are
detected, the procedure advances to step S907, and, if not, the
procedure advances to step S909.

[0168] (Step S907) The appearance status acquiring unit
102 increments the counter k by 1. The counter k is a counter
for counting the number of epochs in which the a spindle
waves are detected.

[0169] (Step S908) The specific electroencephalogram
acquiring unit 1023 acquires information indicating a period
in which one or more o. spindle waves detected in step S905
appear. Information indicating the period is, for example, the
start time and the end time of the period. The acquired infor-
mation is accumulated in the storage medium (not shown) or
the like.

[0170] (Step S909) The appearance status acquiring unit
1021 performs fast Fourier transform on the mth epoch.
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[0171] (Step S910) The appearance status acquiring unit
1021 acquires the power of o waves from the result of the fast
Fourier transform. For example, a peak level in o wave band
is acquired as the power.

[0172] (Step S911) The appearance status acquiring unit
1021 accumulates the acquired power of o waves in associa-
tion with the mth epoch in the storage medium (not shown) or
the like. The appearance status acquiring unit 1021 accumu-
lates the acquired power of a. waves in association with, for
example, the start time of the mth epoch, the identifying
information or the reading order of'the mth epoch, or the like.
[0173] (Step S912) The appearance status acquiring unit
1021 increments the counter m by 1. Then, the procedure
returns to step S904.

[0174] (Step S913) The determining unit 1022 determines
whether or not the value of the counter k is a threshold value
or more. As the threshold value, for example, a value of 80 to
90% of the value of n is used. For example, the determining
unit 1022 determines whether or not the value of the counter
k is 0.8xn or more. If the value is the threshold value or more,
the procedure advances to step S914, and, if not, the proce-
dure advances to step S916. Note that, instead of whether or
not the value of k is the threshold value or more, whether or
notk/nis a threshold value or more may be determined. As the
threshold value in this case, for example, a value 0f0.8 10 0.9
is used.

[0175] (Step S914) The determining unit 1022 calculates
an average value of the powers of o waves in the respective
epochs acquired in step S910, and determines whether or not
the average value is a predetermined threshold value or more.
This determination is determination regarding whether or not
depression is present based on the power of a waves. If the
value is the threshold value or more, the procedure advances
to step S915, and, if not, the procedure advances to step S916.

[0176] (Step S915) The determining unit 1022 determines
that the test subject targeted for the analysis has depression.
Then, the procedure advances to step S917.

[0177] (Step S916) The determining unit 1022 determines
that the test subject targeted for the analysis does not have
depression. Then, the procedure advances to step S918.

[0178] (Step S917) The medication determining portion
103 determines whether or not, when the electroencephalo-
gram information was acquired, drug administration had
been performed on the test subject associated with the sleep
electroencephalogram information targeted for the analysis,
thereby acquiring a determination result. Note that this pro-
cessing will be described later in detail.

[0179] (Step S918) The specific electroencephalogram
acquiring unit 1023 reads information indicating the power of
a waves accumulated by the appearance status acquiring unit
1021 in association with each epoch in step S911.

[0180] (Step S919) The output portion 104 outputs infor-
mation indicating the determination result acquired by the
determining unit 1022 in step S915 or S916. Furthermore, the
output portion 104 outputs a graph in which powers are shown
as heights in a time series, the graph being generated using the
information indicating the power of o waves in each epoch
acquired in step S918. Furthermore, the output portion 104
reads the sleep electroencephalogram information targeted
for the analysis from the storage portion 101, uses this infor-
mation to generate sleep electroencephalogram information
in which the period acquired in step S908 is displayed in a
mode different from that of the other periods, and outputs the
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information. Furthermore, the determination result in step
S917 regarding drug administration is output. Then, the pro-
cedure returns to step S901.

[0181] Here, the process is terminated by powering off or
an interruption to abort the process in the flowchart in FIG. 9.
[0182] FIG.10isaflowchart showing an operation in medi-
cation determination processing performed by the mental
disorder analysis apparatus in this example, and corresponds
to the process in step S917 in FIG. 9. Hereinafter, this opera-
tion will be described.

[0183] (Step S1001) The medication determining portion
103 reads electroencephalogram information for j epochs (j is
an integer of 2 or more) in the first half of sleep period, from
the same sleep electroencephalogram information as the
sleep electroencephalogram information read in step S902.
For example, successive j epochs are read after the elapse of
a predetermined period of time after the onset of sleep. The
read electroencephalogram information is temporarily stored
in a memory (not shown) or the like.

[0184] (Step S1002) The y appearance status acquiring unit
1031 substitutes 1 for a counter i, and substitutes 0 for a
counter g.

[0185] (Step S1003) The y appearance status acquiring unit
1031 determines whether or not the value of the counter i is
larger than j. If the value is not larger than j, the procedure
advances to step S1004, and, otherwise, the procedure
advances to step S1008.

[0186] (Step S1004) The y appearance status acquiring unit
1031 performs fast Fourier transform on an ith epoch.
[0187] (Step S1005) The y appearance status acquiring unit
1031 determines whether or not there is a y wave component,
from the result of the fast Fourier transform. If there is, the
procedure advances to step S1006, and, if not, the procedure
advances to step S1007.

[0188] (Step S1006) The y appearance status acquiring unit
1031 increments the counter g by 1.

[0189] (Step S1007) The y appearance status acquiring unit
1031 increments the counter i by 1. Then, the procedure
returns to step S1003.

[0190] (Step S1008) The administration determining unit
1032 determines whether or not the value of the counter g is
a threshold value or more. If the value is the threshold value or
more, the procedure advances to step S1010, and, if not, the
procedure advances to step S1009.

[0191] (Step S1009) The administration determining unit
1032 determines that drug administration has been per-
formed. Then, the determination result is returned to the
upper-level processing.

[0192] (Step S1010) The administration determining unit
1032 determines that drug administration has not been per-
formed. Then, the determination result is returned to the
upper-level processing.

[0193] Hereinafter, a specific operation of the mental dis-
order analysis apparatus 1 in this example will be described.
Here, as an example, a case will be described in which the
mental disorder analysis apparatus 1 is an apparatus that
diagnoses depression. Here, it is assumed that, in the storage
portion 101, the sleep electroencephalogram information of
multiple test subjects acquired by the electroencephalogram
acquiring apparatus 5 is stored.

[0194] FIG. 11 is an electroencephalogram information
management table that manages the sleep electroencephalo-
gram information stored in the storage portion 101. The elec-
troencephalogram information management table has items
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“test subject name” and “sleep electroencephalogram infor-
mation”. In the table, “sleep electroencephalogram informa-
tion” refers to the file name of the sleep electroencephalo-
gram information. It is assumed that, here, the sleep
electroencephalogram information is composed of multiple
pieces of electroencephalogram information in the unit of
epoch. Note that the length of each epoch is 30 seconds in this
example.

[0195] For example, it is assumed that the user gives an
instruction for analyzing the sleep electroencephalogram
information of a test subject with the test subject name
“Kimura A” via an accepting portion (not shown) or the like
to the mental disorder analysis apparatus 1.

[0196] The appearance status acquiring unit 1021 reads n
epochs (n is an integer of 1 or more) in a non-REM sleep
period in the sleep electroencephalogram information man-
aged as a record in which “test subject name” is “Kimura A”
in the electroencephalogram information management table
shown in FIG. 11. Here, as an example, it is assumed that the
value of n is “20”. Furthermore, here, for example, it is
assumed that epochs are read after the elapse of a predeter-
mined number of epochs after the start of a non-REM sleep
period. Then, the read sleep electroencephalogram informa-
tion in the unit of epoch is temporarily stored in association
with the start time of each epoch in a storage medium such as
a memory (not shown).

[0197] Next, the appearance status acquiring unit 1021
detects o spindle waves in a first epoch with the earliest start
time, in the read sleep electroencephalogram information in
the unit of epoch. The a spindle waves are detected according
to processing or the like with use of known arts for acquiring
sleep spindle waves as described above.

[0198] Here, for example, it is assumed that the appearance
status acquiring unit 1021 has detected two o spindle waves
from the first epoch. Then, the appearance status acquiring
unit 1021 determines whether or not the detected number is p
or more (p is an integer of 1 or more), which is a predeter-
mined number. Note that p may be considered as a threshold
value. For example, if p is “1”, the appearance status acquir-
ing unit 1021 determines that the number of detected a
spindle waves “2” is the predetermined number p or more.
Thus, the appearance status acquiring unit 1021 increments,
by 1, the counter k, which is for counting the number of
epochs in which the o spindle waves are detected. If the
counted number is less than the predetermined number p, the
counter k is not incremented. It is assumed that, in this
example, this threshold value is stored in advance in a storage
medium (not shown) or the like. The same is applied to the
other threshold values.

[0199] Furthermore, the specific electroencephalogram
acquiring unit 1023 acquires the start time and the end time of
each of the two detected o spindle waves from the sleep
electroencephalogram information, and accumulates the
information in the storage medium (not shown) or the like.
[0200] Next, the appearance status acquiring unit 1021 per-
forms fast Fourier transform (FFT) on the first epoch. Then, o
wave peak values in the transform result are acquired. In this
example, the first epoch is divided into eight portions each in
4 seconds, and eight values are obtained by performing fast
Fourier transform on each of these portions. The average
value of these values is used as the value obtained by per-
forming fast Fourier transform on the first epoch. The same is
applied to a second and subsequent epochs. In this example,
since one epoch has 30 seconds, if one epoch is divided into
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portions each in 4 seconds, a portion in only 2 seconds
appears. This portion in 2 seconds is subjected as it is to fast
Fourier transform, and the obtained value is multiplied by two
and used as the value obtained by performing fast Fourier
transform on that portion. For example, it is assumed that the
acquired peak value is “1.5 pV>”. Then, the peak value is
accumulated in association with the start time of the first
epoch in a storage medium (not shown) or the like. Note that,
instead of the peak values, integral values of the powers of @
waves obtained by FFT may be acquired. Furthermore, the
information may be accumulated, in association with identi-
fying information of an epoch such as the number indicating
the order of the epoch, instead of association with the start
time of the epoch.

[0201] Ina similar manner, the appearance status acquiring
unit 1021 and the specific electroencephalogram acquiring
unit 1023 repeat similar processing on the second to the nth
epochs. It is assumed that, as a result obtained by repeating
the processing, the value of the counter k becomes “20”.

[0202] FIG. 12 is an o spindle wave management table that
manages the start time and the end time of the a spindle waves
acquired by the specific electroencephalogram acquiring unit
1023 as a result obtained by repeating the processing.

[0203] FIG. 13 is an o power management table that man-
ages the power of a. waves in each epoch obtained by the
appearance status acquiring unit 1021 as a result obtained by
repeating the processing, and the start time of each epoch.

[0204] Next, the determining unit 1022 determines whether
or not the value of the counter k, indicating the number of
times of appearance of epochs in which the a spindle waves
are detected, is at least a predetermined threshold value for the
number of epochs in which the a spindle waves are detected.
Here, if the threshold value is “107, it is determined that the
value of the counter k “20” exceeds the threshold value.

[0205] Furthermore, the determining unit 1022 calculates
an average value of values of “o power” in the o power
management table shown in FIG. 13. It is assumed that the
calculated average value is “1.45 puV>”. Then, it is determined
whether or not the average value is at least a predetermined
threshold value for the power of o waves. For example, if the
threshold value is “1.0 uV>”, it is determined that the average
value is the threshold value or more.

[0206] The determining unit 1022 acquires a determination
result that the test subject is a patient with depression, because
the number of times of appearance of epochs in which the o
spindle waves are detected is the threshold value or more, and
because the average value of the powers of o waves is the
threshold value or more. If the value is less than the threshold
value even in one of these conditions, a determination result
that the test subject is not a patient with depression is
acquired.

[0207] Sinceitis determined that the test subject is a patient
with depression, the y appearance status acquiring unit 1031
reads j epochs (j is an integer of 1 or more) from the first half
of sleep period in the sleep electroencephalogram informa-
tion managed as the record in which “test subject name” is
“Kimura A” in the electroencephalogram information man-
agement table shown in FIG. 11. Here, as an example, it is
assumed that the value of j is “20”. Furthermore, for example,
it is assumed that epochs are read after the elapse of a prede-
termined number of epochs after the start of sleep period.
Then, the read sleep electroencephalogram information in the
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unit of epoch is temporarily stored in association with the start
time of each epoch in a storage medium such as a memory
(not shown).

[0208] Next, the y appearance status acquiring unit 1031
performs fast Fourier transform on the first epoch with the
earliest start time, in the read sleep electroencephalogram
information in the unit of epoch. Then, it is determined
whether or not y waves are detected in the FFT result. Here, it
is determined whether or not y waves at a level (power) of a
threshold value or more are detected. If such y waves are
detected, the counter g is incremented by 1. If not, the counter
g is not incremented.

[0209] The y appearance status acquiring unit 1031 per-
forms similar processing on all of the read epochs. Then, the
administration determining unit 1032 determines whether or
not the obtained value of the counter g is a predetermined
threshold value or more. If the obtained value of the counter
gis““1”, and the threshold value is “3”, the value of the counter
g is less than the threshold value, and, thus, the administration
determining unit 1032 determines that drug administration
has been performed, and acquires information indicating the
determination result. If the obtained value is the threshold
value or more, it is determined that drug administration has
not been performed, and information indicating the determi-
nation result is acquired.

[0210] The output portion 104 displays, on a monitor (not
shown) or the like, information indicating the determination
result “test subject is a patient with depression” acquired by
the determining unit 1022. Furthermore, the output portion
104 generates a graph in which powers of oo waves are shown
as heights in a time series, using the oo power management
table shown in FI1G. 13, and displays this graph on a monitor
(not shown) or the like. Furthermore, the output portion 104
reads information on periods around the multiple epochs
targeted for the analysis, in the sleep electroencephalogram
information associated with “Kimura A” targeted for the
analysis, from the storage portion 101. Then, the electroen-
cephalogram information in a period in which o spindle
waves are acquired is acquired from the sleep electroencepha-
logram information, the period being indicated with the start
time and the end time in each record in the o spindle wave
management table shown in FIG. 12, and a waveform graph
of the sleep electroencephalogram information is generated
in which the acquired portion of the electroencephalogram
information is displayed in a mode different from that of the
other portions, and displayed on a monitor (not shown) or the
like. For example, a waveform graph is generated in which the
color of the background and the color of the line plotting the
waveform in that region are inverted with respect to those in
the other regions. Furthermore, the determination result
regarding drug administration indicating that drug adminis-
tration has been performed, which is acquired by the admin-
istration determining unit 1032, is output.

[0211] FIG. 14 is a diagram showing an example in which
a result obtained by analyzing the sleep electroencephalo-
gram information is displayed by the output portion 104. In
the diagram, a region 141 displays the determination result
acquired by the determining unit 1022. Furthermore, a region
142 shows a graph of the o power. Furthermore, a region 143
displays a spindle waves together with the sleep electroen-
cephalogram information based on which the analysis has
been performed. Furthermore, a region 144 displays the
determination result regarding drug administration acquired
by the administration determining unit 1032.
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[0212] As described above, according to this example,
since the electroencephalogram information during sleep is
used to determine the presence or absence of a mental disor-
der, the influence on the electroencephalograms due to
actions and the like from the outside on the test subject is
reduced to the extent possible, and, thus, a mental disorder
can be accurately diagnosed. In particular, with the appear-
ance status of o waves in a non-REM sleep period, a mental
disorder can be accurately diagnosed.

[0213] Furthermore, with the appearance rate of y waves in
the first half of sleep, it is possible to determine the presence
or absence of medication on the test subject related to a
mental disorder.

[0214] Furthermore, together with the sleep electroen-
cephalogram information based on which the analysis has
been performed, o spindle waves detected from the sleep
electroencephalogram information can be output, and, thus,
information useful for diagnosing a mental disorder and the
like can be provided. Furthermore, a reason based on which
the mental disorder analysis apparatus 1 has diagnosed a
mental disorder can be confirmed.

Another Example

[0215] This example is different from the foregoing
example in that the analyzing portion 102 is replaced by an
analyzing portion 202 that determines the presence or
absence of a mental disorder using & waves in the sleep
electroencephalogram information.

[0216] FIG. 15 is a block diagram of a mental disorder
analysis system 20 in this example. The mental disorder
analysis system 20 uses a mental disorder analysis apparatus
2 including the analyzing portion 202, instead of the mental
disorder analysis apparatus 1 including the analyzing portion
102 in the mental disorder analysis system 10 shown in FIG.
1, and has a configuration similar to that of the foregoing
example except for the analyzing portion 202.

[0217] The analyzing portion 202 includes an appearance
status acquiring unit 2021, a determining unit 2022, and the
specific electroencephalogram acquiring unit 1023. The spe-
cific electroencephalogram acquiring unit 1023 is similar to
the specific electroencephalogram acquiring unit 1023 in the
Example, and, thus, a description thereof has been omitted.
[0218] In contrast to the foregoing example in which the
analyzing portion 102 acquires information indicating an
appearance status of o waves contained in the sleep electro-
encephalogram information in a non-REM sleep period, and
determines the presence or absence of a mental disorder
according to the acquired information, the analyzing portion
202 acquires information indicating an appearance rate or a
power of & waves contained in the sleep electroencephalo-
gram information in a non-REM sleep period, in the sleep
electroencephalogram information, and determines the pres-
ence or absence of a mental disorder according to the acquired
information. The other portions of the configuration and the
like are similar to those of the analyzing portion 102
described above, and, thus, a description thereof has been
omitted.

[0219] The appearance status acquiring unit 2021 acquires
information indicating an appearance status of § waves con-
tained in the sleep electroencephalogram information in a
non-REM sleep period, in the sleep electroencephalogram
information. For example, the appearance status acquiring
unit 2021 acquires information indicating an appearance rate
or a power of 0 waves contained in the sleep electroencepha-

Aug. 22,2013

logram information in a non-REM sleep period, in the sleep
electroencephalogram information. Here, as an example,
cases will be respectively described in which, in order to
determine the presence or absence of depression, which is one
type of mental disorder, the appearance status acquiring unit
2021 acquires (4) information indicating an appearance rate
of & waves in a non-REM sleep period and (5) a power of §
waves in a non-REM sleep period.

[0220] (4) The Case in which Information Indicating an
Appearance Rate of 6 Waves is Acquired

[0221] As a result of an in-depth study by the inventors, a
new finding was obtained that  waves seldom appear in a
non-REM sleep period of a patient with depression, whereas
the d waves very often appear in a non-REM sleep period of
a healthy person.

[0222] FIG. 16 is a graph showing an exemplary electroen-
cephalogram in one epoch in a non-REM sleep period, in the
sleep electroencephalogram information of a patient with
depression.

[0223] FIG. 17 is a graph showing an exemplary electroen-
cephalogram in one epoch in a non-REM sleep period, in the
sleep electroencephalogram information of a healthy person.
In the graph, a period 171 corresponds to a portion in which &
waves are detected.

[0224] As shown in FIG. 16, 8 waves seldom appear in the
electroencephalogram information in a non-REM sleep
period of a patient with depression, whereas, as shown in FIG.
17,  waves are detected in the electroencephalogram infor-
mation in a non-REM sleep period of a healthy person.
[0225] Thus, the appearance status acquiring unit 2021
acquires information indicating an appearance rate of d waves
in the sleep electroencephalogram information in a non-REM
sleep period, in the sleep electroencephalogram information.
Here, as an example, the appearance status acquiring unit
2021 performs Fourier transform to detect a § wave compo-
nent in each of multiple periods forming a non-REM sleep
period in the sleep electroencephalogram information. The
processing and the like here are similar to those performed by
the appearance status acquiring unit 1021 in the above-de-
scribed case (2) except that the frequency band targeted for
the acquisition is set to d waves, and, thus, a detailed descrip-
tion thereof has been omitted.

[0226] (5) The Case in which a Power of & Waves in a
Non-REM Sleep Period is Acquired

[0227] As a result of an in-depth study by the inventors, a
new finding was obtained that a power of d waves in a non-
REM sleep period of a healthy person is sufficiently larger
than that of a patient with depression. The obtained finding
was that, for example, the power in a REM sleep period is at
most about 1 pV?/min, whereas the power in a non-REM
sleep period increases to about 7 to 10 wV>/min.

[0228] FIG. 18 is an exemplary graph in which § wave peak
values obtained by performing FFT on the epochs of the sleep
electroencephalogram information of a patient with depres-
sion are arranged in a time series. In the graph, a non-REM
sleep period is indicated as a hatched portion.

[0229] Furthermore, FIG. 19 is an exemplary graph in
which 0 wave peak values obtained by performing FFT on the
epochs of the sleep electroencephalogram information of a
healthy person are arranged in a time series. In the graph, a
non-REM sleep period is indicated as a hatched portion.
[0230] As clearly seen from FIGS. 18 and 19, a healthy
person has higher powers of 8 waves in a non-REM sleep
period.
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[0231] Thus, the appearance status acquiring unit 2021
acquires information indicating a power of & waves in the
sleep electroencephalogram information in a non-REM sleep
period, in the sleep electroencephalogram information. Here,
as an example, the appearance status acquiring unit 2021
performs Fourier transform to detect a d wave component in
each of one or more periods forming a non-REM sleep period
in the sleep electroencephalogram information, and acquires
alevel (value) such as peak of the detected d wave component,
as information indicating a power of d waves in each period.
The processing and the like here are similar to those per-
formed by the appearance status acquiring unit 1021 in the
above-described case (3) except that the frequency band tar-
geted for the acquisition is set to d waves, and, thus, a detailed
description thereof has been omitted.

[0232] The appearance status acquiring unit 2021 may per-
form only one process or may perform both processes of the
above-described processes (4) and (5).

[0233] The appearance status acquiring unit 2021 may be
realized typically as an MPU, a memory, or the like. Typi-
cally, the processing procedure of the appearance status
acquiring unit 2021 is realized by software, and the software
is stored in a storage medium such as a ROM. Note that the
processing procedure may be realized also by hardware (a
dedicated circuit).

[0234] The determining unit 2022 determines the presence
or absence of a mental disorder according to the information
indicating an appearance status of § waves acquired by the
appearance status acquiring unit 2021. For example, the
determining unit 2022 determines the presence or absence of
a mental disorder according to the information indicating an
appearance rate or a power of d waves acquired by the appear-
ance status acquiring unit 2021.

[0235] Forexample, if the appearance status acquiring unit
2021 acquires information indicating an appearance rate of 3
waves in a non-REM sleep period as in (4) above, the deter-
mining unit 2022 reads a threshold value for the appearance
rate of d waves prepared in advance, and determines whether
or not the value indicating the appearance rate of periods in
which & waves are detected exceeds the threshold value, the
appearance rate being acquired by the appearance status
acquiring unit 2021. If the value exceeds the threshold value,
it is determined that the test subject associated with the sleep
electroencephalogram information does not have depression.
For example, the determining unit 2022 determines that the
test subject does not have depression if the appearance rate of
d waves in a non-REM sleep period, which is the first cycle of
sleep, is 10% or more. Furthermore, if one epoch has 30
seconds, and an average of integral values of d waves respec-
tively contained in the multiple epochs is 1.5 uV? or more, it
may be determined that the test subject does not have depres-
sion.

[0236] Furthermore, for example, if the appearance status
acquiring unit 2021 acquires the information indicating a
power of a d wave component in a non-REM sleep period as
in (5) above, the determining unit 2022 reads a threshold
value for the power of & waves prepared in advance, and
determines whether or not any d wave component acquired in
each period by the appearance status acquiring unit 2021 has
a power exceeding the threshold value. If any 8 wave com-
ponent exceeds the threshold value, the determining unit
2022 determines that the test subject associated with the sleep
electroencephalogram information does not have depression.
The threshold value for the power in this case is, for example,
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5 uV?. Alternatively, in consideration of factors such as noise
or measurement errors, it may be determined that any o wave
component acquired in each period has a power exceeding the
threshold value, if the number of periods exhibiting a power
exceeding the threshold value is a predetermined number or
more. Furthermore, the determining unit 2022 may calculate
an average value of the powers of 8 waves in the respective
periods, and determine whether or not this average value
exceeds the predetermined threshold value, thereby deter-
mining whether or not any § wave component acquired in
each period by the appearance status acquiring unit 2021 has
a power exceeding the threshold value. It will be appreciated
that, if the average value exceeds the threshold value, a value
exceeding the threshold value is included, and, thus, such
determination eventually provides a similar determination
result.

[0237] Note that, if the appearance status acquiring unit
2021 performs both the above-described processes (4) and
(5), the determining unit 2022 may individually perform the
above-described determination on each of the processing
results, and acquire the respective determination results. Fur-
thermore, a comprehensive determination result may be
acquired by further using these determination results. For
example, only if all the determination results on the respective
multiple processes indicate that depression is present, a deter-
mination result that depression is present may be acquired.
Furthermore, if the determination results on the respective
multiple processes include both a determination result that
depression is present and a determination result that depres-
sion is not present, a determination result that there is a
possibility of depression or the like may be acquired.

[0238] Thedetermining unit 2022 may be realized typically
as an MPU, a memory, or the like. Typically, the processing
procedure of the determining unit 2022 is realized by soft-
ware, and the software is stored in a storage medium such as
a ROM. Note that the processing procedure may be realized
also by hardware (a dedicated circuit).

[0239] FIG. 20 is a flowchart showing an operation of the
mental disorder analysis apparatus in this example. Herein-
after, this operation will be described. Note that, in FIG. 20,
the same reference numerals as in FIG. 9 indicate the same or
corresponding steps.

[0240] (Step S2001) The appearance status acquiring unit
2021 performs fast Fourier transform on the mth epoch.

[0241] (Step S2002) The appearance status acquiring unit
2021 determines whether or not § waves are contained in the
result of the fast Fourier transform in step S2001. This deter-
mination may be determination regarding whether or not §
waves at a predetermined power or more are contained. If
such § waves are contained, the procedure advances to step
S907, and, if not, the procedure advances to step S2003.

[0242] (Step S2003) The appearance status acquiring unit
2021 acquires the power of d waves from the result of the fast
Fourier transform in step S2001.

[0243] (Step S2004) The appearance status acquiring unit
2021 accumulates the acquired power of § waves in associa-
tion with the mth epoch in a storage medium (not shown) or
the like.

[0244] (Step S2005) The determining unit 2022 calculates
an average value of the powers of 8 waves in the respective
epochs acquired in step S2003, and determines whether or not
the average value is a predetermined threshold value or more.
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If the value is the threshold value or more, the procedure
advances to step S2006, and, if not, the procedure advances to
step S2007.

[0245] (Step S2006) The determining unit 2022 determines
that the test subject targeted for the analysis does not have
depression. Then, the procedure advances to step S2008.
[0246] (Step S2007) The determining unit 2022 determines
that the test subject targeted for the analysis has depression.
Then, the procedure advances to step S2008.

[0247] (Step S2008) The specific electroencephalogram
acquiring unit 1023 reads information indicating the power of
d waves accumulated by the appearance status acquiring unit
2021 in association with each epoch in step S2004.

[0248] (Step S2009) The output portion 104 outputs infor-
mation indicating the determination result acquired by the
determining unit 2022 in step S2006 or S2007. Furthermore,
the output portion 104 outputs a graph in which powers are
shown as heights in a time series, the graph being generated
using the information indicating the power of d waves in each
epoch acquired in step S2008. Furthermore, the output por-
tion 104 outputs the determination result regarding drug
administration in step S917. Then, the procedure returns to
step S901.

[0249] Here, the process is terminated by powering off or
an interruption to abort the process in the flowchart in FIG.
20.

[0250] Hereinafter, a specific example of this example will
be described. Here, as in the Example above, it is assumed
that an instruction for analyzing the sleep electroencephalo-
gram information of a test subject is given, and FFT is per-
formed on the first epoch read from a non-REM sleep period.
[0251] The appearance status acquiring unit 2021 deter-
mines whether or not § waves are detected in the detected
electroencephalogram information. Here, for example, it is
determined whether or not d waves with a peak value of 5 pv?>
or more are detected. Here, it is assumed that § waves at the
threshold value or more are detected. Thus, the appearance
status acquiring unit 2021 increments the counter k by 1.
Furthermore, the appearance status acquiring unit 2021 accu-
mulates the § wave peak value indicated by the FFT result in
association with the start time of the epoch or the like in the
storage medium (not shown) or the like.

[0252] Then, in a similar manner, the appearance status
acquiring unit 2021 repeats similar processing on the second
to the nth epochs. It is assumed that, as a result obtained by
repeating the processing, the value of the counter k becomes
“18”. The information indicating the power of d waves
acquired by the appearance status acquiring unit 2021 is
managed, for example, using a & power management table
similar to that in FIG. 13.

[0253] Next, the determining unit 2022 determines whether
or not the value of the counter k is a predetermined threshold
value or more. Here, if the threshold value is “157, it is
determined that the value of the counter k “18” exceeds the
threshold value.

[0254] Furthermore, the determining unit 2022 calculates
an average value of the powers of & waves acquired in the
respective epochs by the appearance status acquiring unit
2021. Then, it is determined whether or not the average value
is a predetermined threshold value or more. For example, if
the threshold value is “1.0 pV>”, it is determined that the
average value is the threshold value or more.

[0255] The determining unit 2022 acquires a determination
result that the test subject is not a patient with depression,
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because the number of times of appearance of epochs in
which the 6 waves are detected is the threshold value or more,
and because the average value of the powers of § waves is the
threshold value or more. The determination result that the test
subject is not a patient with depression may be considered as
a determination result that the possibility of being a patient
with depression is high. The same is applied to descriptions in
the other parts. If the value is less than the threshold value
even in one of these conditions, a determination result that the
test subject is a patient with depression is acquired.

[0256] The subsequent processing is similar to that in the
Example above, and, thus, a description thereof has been
omitted.

[0257] As described above, according to this example,
since the electroencephalogram information during sleep is
used to determine the presence or absence of a mental disor-
der, the influence on the electroencephalograms due to
actions and the like from the outside on the test subject is
reduced to the extent possible, and, thus, a mental disorder
can be more accurately diagnosed. In particular, with the
appearance status of d waves in a non-REM sleep period, a
mental disorder can be accurately diagnosed.

Yet Another Example

[0258] This example is different from the Example in that
the analyzing portion 102 is replaced by an analyzing portion
302 that determines the presence or absence of a mental
disorder using § waves in the sleep electroencephalogram
information.

[0259] FIG. 21 is a block diagram of a mental disorder
analysis system 30 in this example. The mental disorder
analysis system 30 uses a mental disorder analysis apparatus
3 including the analyzing portion 302, instead of the mental
disorder analysis apparatus 1 including the analyzing portion
102 in the mental disorder analysis system 10 shown in FIG.
1, and has a configuration similar to that of the foregoing
example except for the analyzing portion 302.

[0260] The analyzing portion 302 includes an appearance
status acquiring unit 3021, a determining unit 3022, and the
specific electroencephalogram acquiring unit 1023. The spe-
cific electroencephalogram acquiring unit 1023 is similar to
the specific electroencephalogram acquiring unit 1023 in the
Example, and, thus, a description thereof has been omitted.
[0261] In contrast to the foregoing example in which the
analyzing portion 102 acquires information indicating an
appearance status of oo waves contained in the sleep electro-
encephalogram information in a non-REM sleep period, and
determines the presence or absence of a mental disorder
according to the acquired information, the analyzing portion
302 acquires information indicating an appearance rate or a
change in a waveform size of § waves contained in the sleep
electroencephalogram information in a REM sleep period, in
the sleep electroencephalogram information, and determines
the presence or absence of a mental disorder according to the
acquired information. The other portions of the configuration
and the like are similar to those of the analyzing portion 102
described above, and, thus, a description thereof has been
omitted.

[0262] The appearance status acquiring unit 3021 acquires
information indicating an appearance status of § waves con-
tained in the sleep electroencephalogram information in a
REM sleep period, in the sleep electroencephalogram infor-
mation. For example, the appearance status acquiring unit
3021 acquires information indicating an appearance rate or a
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change in a waveform size of § waves contained in the sleep
electroencephalogram information in a REM sleep period, in
the sleep electroencephalogram information. Here, as an
example, cases will be respectively described in which, in
order to determine the presence or absence of depression,
which is one type of mental disorder, the appearance status
acquiring unit 3021 acquires (6) information indicating an
appearance rate of § waves in a REM sleep period and (7)
information indicating a change in a waveform size of f
waves in a REM sleep period.

[0263] (6) The Case in which Information Indicating an
Appearance Rate of § Waves is Acquired

[0264] As a result of an in-depth study by the inventors, a
new finding was obtained that an appearance ratio of  waves
in a REM sleep period of a patient with depression is very
high. The appearance ratio of [} waves is, for example, an
appearance ratio of [} waves with respect to the electroen-
cephalogram information at all frequencies that have
appeared. The appearance ratio of § waves may be considered
as, for example, a ratio of power of § waves with respect to the
sum of the powers of the electroencephalogram information
at all frequencies.

[0265] FIG. 22 is an exemplary graph in which ratios of §
waves obtained by performing FFT on the epochs of the sleep
electroencephalogram information of a patient with depres-
sion are arranged in a time series. In the graph, a REM sleep
period is indicated as a hatched portion.

[0266] Furthermore, FIG. 23 is an exemplary graph in
which ratios of § waves obtained by performing FFT on the
epochs of the sleep electroencephalogram information of a
healthy person are arranged in a time series. In the graph, a
REM sleep period is indicated as a hatched portion.

[0267] As clearly seen from FIGS. 22 and 23, a patient with
depression has higher ratios of § waves in a REM sleep
period, and often has a ratio exceeding 30%. On the other
hand, a healthy person does not have a ratio of  waves
exceeding 30%.

[0268] Thus, the appearance status acquiring unit 3021
acquires information indicating an appearance rate of f3
waves in the sleep electroencephalogram information in a
REM sleep period, in the sleep electroencephalogram infor-
mation. Here, as an example, the appearance status acquiring
unit 3021 performs Fourier transform to acquire an appear-
ance ratio of a } wave component in each of multiple periods
forming a REM sleep period in the sleep electroencephalo-
gram information, and acquires information indicating an
appearance rate of periods in which the acquired ratio is a
predetermined threshold value or more, as information indi-
cating an appearance rate of [3 waves. The processing and the
like here are similar to those performed by the appearance
status acquiring unit 1021 in the above-described case (2)
except that the frequency band targeted for the acquisition is
set to § waves, for example, and, thus, a detailed description
thereof has been omitted.

[0269] (7) The Case in which Information Indicating a
Waveform Size or a Change in The Size of § Waves ina REM
Sleep Period

[0270] As a result of an in-depth study by the inventors, a
new finding was obtained that the shape of [ waves that
appear in a REM sleep period of a patient with depression is
disturbed, and, as a result, the waveform size increases, and a
change in the size becomes large.
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[0271] FIG. 24 is a graph showing an exemplary electroen-
cephalogram in one epoch in a REM sleep period of the sleep
electroencephalogram information of a patient with depres-
sion.

[0272] FIG. 25 is a graph showing an exemplary electroen-
cephalogram in one epoch in a REM sleep period of the sleep
electroencephalogram information of a healthy person.

[0273] Asseen from FIGS. 24 and 25, both a healthy person
and a patient with depression have [} waves in the electroen-
cephalogram information in a REM sleep period. Meanwhile,
in the case of the § waves of a patient with depression, the
output is large, a change in the waveform is large, and the
waveform is disturbed, compared with a healthy person.

[0274] Thus, the appearance status acquiring unit 3021
acquires information indicating a waveform size or a change
in the size of  waves in the sleep electroencephalogram
information in a REM sleep period, in the sleep electroen-
cephalogram information. For example, the waveform of f§
waves is extracted using a filter or the like from the sleep
electroencephalogram information in one or more periods in
a REM sleep period, and information indicating a difference
between amplitudes of adjacent waves in the extracted 3
waves is acquired as information indicating a change in the
waveform size. Alternatively, a sum of the differences
between the acquired amplitudes or the like is acquired as
information indicating a change in the waveform size. Alter-
natively, a variance or the like indicating dispersion in ampli-
tudes or peak values may be acquired as a value indicating a
change in the waveform size. Note that the entire electroen-
cephalogram information in a REM sleep period may be
considered as § waves, and the above-described process that
extracts [3 waves using a filter or the like may be omitted.

[0275] The appearance status acquiring unit 3021 may per-
form only one process or may perform both processes of the
above-described processes (6) and (7).

[0276] The appearance status acquiring unit 3021 may be
realized typically as an MPU, a memory, or the like. Typi-
cally, the processing procedure of the appearance status
acquiring unit 3021 is realized by software, and the software
is stored in a storage medium such as a ROM. Note that the
processing procedure may be realized also by hardware (a
dedicated circuit).

[0277] The determining unit 3022 determines the presence
or absence of a mental disorder according to the information
indicating an appearance status of J waves acquired by the
appearance status acquiring unit 3021. For example, the
determining unit 3022 determines the presence or absence of
a mental disorder according to the information indicating an
appearance rate or a change magnitude in a waveform of §
waves acquired by the appearance status acquiring unit 3021.

[0278] Forexample, if the appearance status acquiring unit
3021 acquires information indicating an appearance rate of §
waves in a REM sleep period as in (6) above, the determining
unit 3022 reads a threshold value for the appearance rate of 3
waves prepared in advance, and determines whether or not the
value indicating the appearance rate of periods in which 3
waves are detected exceeds the threshold value, the appear-
ance rate being acquired by the appearance status acquiring
unit 3021. If the value exceeds the threshold value, the deter-
mining unit 3022 determines that the test subject associated
with the sleep electroencephalogram information has depres-
sion. The threshold value for the appearance rate of § waves



US 2013/0218043 Al

is, for example, about 35% or more. In order to diagnose a
patient with serious depression, the threshold value may be
about 50%.

[0279] Furthermore, for example, if the appearance status
acquiring unit 3021 acquires information indicating a change
in a waveform size of § waves ina REM sleep period as in (7)
above, the determining unit 3022 reads a threshold value for
the change in a waveform size or the power of [} waves
prepared in advance, and determines whether or not the test
subject associated with the sleep electroencephalogram infor-
mation has depression using this threshold value. For
example, if the power of [} waves is the predetermined thresh-
old value or more, it may be determined that depression is
present. For example, the threshold value for the power of 8
waves is 0.3 V2. Furthermore, for example, if the informa-
tion indicating a change in a waveform size of [} waves is
information indicating a difference between the amplitudes
or peak values of adjacent waves in one or more periods as
described above, it is determined whether or not any differ-
ence between the amplitudes or peak values exceeds the
threshold value. If any difference exceeds the threshold value,
it is determined that the test subject has depression. If not, it
may be determined that depression is not present. Here,
whether or not any difference exceeds the threshold value
may be considered as whether or not the number of differ-
ences exceeding the threshold value is a predetermined num-
ber or more. Furthermore, for example, if the information
indicating a change in a waveform size of [} waves is a value
indicating a sum of the differences between the amplitudes or
the like or a variance of the differences between the ampli-
tudes or the like as described above, it may be determined
whether or not this value exceeds the threshold value, and, if
the value exceeds the threshold value, it may be determined
that depression is present.

[0280] Note that, if the appearance status acquiring unit
3021 performs both the above-described processes (6) and
(7), the determining unit 3022 may individually perform the
above-described determination on each of the processing
results, and acquire the respective determination results. Fur-
thermore, a comprehensive determination result may be
acquired by further using these determination results. For
example, only if all the determination results on the respective
multiple processes indicate that depression is present, a deter-
mination result that depression is present may be acquired.
Furthermore, if the determination results on the respective
multiple processes include both a determination result that
depression is present and a determination result that depres-
sion is not present, a determination result that there is a
possibility of depression or the like may be acquired. Further-
more, since the power of § waves significantly changes
between a non-REM sleep period and a REM sleep period of
a patient with depression, the determining unit 3022 may
acquire a determination result that depression is present if a
change in the power of [} waves between a non-REM sleep
period and a REM sleep period is a predetermined threshold
value or more.

[0281] Thedetermining unit 3022 may berealized typically
as an MPU, a memory, or the like. Typically, the processing
procedure of the determining unit 3022 is realized by soft-
ware, and the software is stored in a storage medium such as
a ROM. Note that the processing procedure may be realized
also by hardware (a dedicated circuit).

[0282] FIG. 26 is a flowchart showing an operation of the
mental disorder analysis apparatus in this example. Herein-
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after, this operation will be described. Note that, in FIG. 26,
the same reference numerals as in FIGS. 9 and 20 indicate the
same or corresponding steps.

[0283] (Step S2600) The appearance status acquiring unit
3021 reads electroencephalogram information for nepochs (n
is an integer of 2 or more) in a REM sleep period, from the
sleep electroencephalogram information stored in the storage
portion 101. The read electroencephalogram information is
temporarily stored in a memory (not shown) or the like.
[0284] (Step S2601) The appearance status acquiring unit
3021 determines whether or not a ratio of [} waves is a pre-
determined threshold value or more, in the result of the fast
Fourier transform in step S2001. Here, the ratio is, for
example, a ratio of Pfwaves with respect to the sum of all
powers of the waveform obtained by FFT. If the ratio is the
predetermined threshold value or more, the procedure
advances to step S907, and, if not, the procedure advances to
step S2602.

[0285] (Step S2602) The appearance status acquiring unit
3021 acquires the power of § waves from the result of the fast
Fourier transform in step S2001.

[0286] (Step S2603) The appearance status acquiring unit
3021 accumulates the acquired power of § waves in associa-
tion with the mth epoch in a storage medium (not shown) or
the like.

[0287] (Step S2604) The appearance status acquiring unit
3021 acquires information indicating a change in a waveform
size of  waves for a period of time having a predetermined
length, in the sleep electroencephalogram information in a
REM sleep period. Here, for example, § waves are extracted
using a filter or the like in the first epoch of the epochs read in
step S2600, and a difference between amplitudes of adjacent
waves is sequentially calculated. Then, the difference
between the amplitudes is acquired as information indicating
a change in the waveform size.

[0288] (Step S2605) The determining unit 3022 determines
whether or not any value indicating a change in the waveform
size acquired in step S2604 is the predetermined threshold
value or more. Here, for example, it may be determined
whether or not the number of values at the threshold value or
more is a predetermined number or more. If the number is the
threshold value or more, the procedure advances to step S915,
and, if not, the procedure advances to step S916.

[0289] (Step S2606) The specific electroencephalogram
acquiring unit 1023 reads information indicating the power of
[ waves accumulated by the appearance status acquiring unit
3021 in association with each epoch in step S2603.

[0290] (Step S2607) The output portion 104 outputs infor-
mation indicating the determination result acquired by the
determining unit 3022 in step S915 or S916. Furthermore, the
output portion 104 outputs a graph in which powers are shown
as heights in a time series, the graph being generated using the
information indicating the power of § waves in each epoch
acquired in step S2606. Furthermore, the output portion 104
outputs the determination result regarding drug administra-
tion in step S917. Then, the procedure returns to step S901.
[0291] Hereinafter, a specific example of this example will
be described. Here, as in the specific example of the Example
above, it is assumed that an instruction for analyzing the sleep
electroencephalogram information of a test subject is given,
and FFT is performed on the first epoch read from a REM
sleep period.

[0292] The appearance status acquiring unit 3021 acquires
aratio of § waves with respect to the sum of all powers of the
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waveform obtained by FFT, as an appearance ratio of f§
waves, and determines whether or not this ratio is a predeter-
mined threshold value or more. Here, for example, it is deter-
mined whether or not the ratio of § waves is 30% or more.
Here, it is assumed that the ratio of [} waves detected is the
threshold value or more. Thus, the appearance status acquir-
ing unit 3021 increments the counter k by 1. Furthermore, the
appearance status acquiring unit 3021 accumulates the {3
wave peak value indicated by the FFT result in association
with the start time of the epoch or the like in a storage medium
(not shown) or the like.

[0293] Then, in a similar manner, the appearance status
acquiring unit 3021 repeats similar processing on the second
to the nth epochs. It is assumed that, as a result obtained by
repeating the processing, the value of the counter k becomes
“18”. The information indicating the power of [} waves
acquired by the appearance status acquiring unit 3021 is
managed, for example, using a } power management table
similar to that in FIG. 13.

[0294] Next, the determining unit 3022 determines whether
or not the value of the counter k is a predetermined threshold
value or more. Here, if the threshold value is “157, it is
determined that the value of the counter k “18” exceeds the
threshold value.

[0295] Next, the appearance status acquiring unit 3021
extracts § waves using a filter or the like in the first epoch, and
sequentially calculates a difference between amplitudes of
adjacent waves in the acquired [} waves.

[0296] Then, the determining unit 3022 determines
whether or not each of absolute values of the differences
between the amplitudes calculated by the appearance status
acquiring unit 3021 is a predetermined threshold value or
more, and counts the number of differences between the
amplitudes at the threshold value or more. Then, it is deter-
mined whether or not this number is a predetermined value or
more. For example, it is assumed that the number exceeds the
predetermined value.

[0297] The determining unit 3022 acquires a determination
result that the test subject is a patient with depression, because
the number of times of appearance of epochs in which the
appearance ratio of 3 waves is the threshold value or more,
that is, the value of the counter k “18” is the threshold value or
more, and because, in the information indicating a change in
a waveform size of § waves, that is, in the information indi-
cating a difference between amplitudes of adjacent waves, the
number of changes or differences at the threshold value or
more is the predetermined number or more. If the value is less
than the threshold value even in one of these conditions, a
determination result that the test subject is not a patient with
depression is acquired.

[0298] The subsequent processing is similar to that in the
Example above, and, thus, a description thereof has been
omitted.

[0299] As described above, according to this example,
since the electroencephalogram information during sleep is
used to determine the presence or absence of a mental disor-
der, the influence on the electroencephalograms due to
actions and the like from the outside on the test subject is
reduced to the extent possible, and, thus, a mental disorder
can be more accurately diagnosed. In particular, with the
appearance status of § waves in a REM sleep period, a mental
disorder can be accurately diagnosed.

[0300] In the foregoing examples, the analyzing portion
may acquire two or more pieces of information from among;:
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information indicating an appearance rate or a power of a
waves contained in the sleep electroencephalogram informa-
tion in a non-REM sleep period, in the sleep electroencepha-
logram information; information indicating an appearance
rate or a power of & waves contained in the sleep electroen-
cephalogram information in a non-REM sleep period, in the
sleep electroencephalogram information; and information
indicating an appearance rate or a change in a waveform size
of f waves contained in the sleep electroencephalogram
information in a REM sleep period, in the sleep electroen-
cephalogram information; and determine the presence or
absence of a mental disorder according to a combination of
the acquired pieces of information. That is to say, two or more
processes that analyze the sleep electroencephalogram infor-
mation described in the foregoing examples may be per-
formed in an appropriate combination, and a mental disorder
may be diagnosed according to the combination of the analy-
sis results. For example, two or more pieces of such informa-
tion may be acquired, the presence or absence of a mental
disorder may be determined as described above, and the pres-
ence or absence of a mental disorder may be finally deter-
mined according to the determination results. For example, it
may be determined that a mental disorder is present only if all
of these determination results indicate that a mental disorder
is present. Alternatively, it may be determined that a mental
disorder is not present only if none of these determination
results indicates that a mental disorder is present. Further-
more, if there are both a determination result that a mental
disorder is present and a determination result that a mental
disorder is not present, information indicating that there is a
possibility of a mental disorder or the like may be output.
[0301] Note that, in order to achieve this sort of configura-
tion, for example, it is sufficient that the mental disorder
analysis apparatus is provided with an analyzing portion hav-
ing a configuration similar to that of the analyzing portion
102, the analyzing portion 202, or the analyzing portion 302
shown in the foregoing examples. In this case, the configura-
tions for performing common operations may be shared.
[0302] Furthermore, in this case, in particular, the specific
electroencephalogram acquiring unit of the analyzing portion
as described above may acquire electroencephalogram infor-
mation in multiple specific frequency bands from the sleep
electroencephalogram information, and the output portion
104 may output the electroencephalogram information in the
multiple frequency bands. Accordingly, information useful
for diagnosing a mental disorder and the like can be provided,
and a reason based on which the mental disorder analysis
apparatus has diagnosed a mental disorder can be confirmed.

Further Example

[0303] This example of the present invention is applied
when determining the presence or absence of a mental disor-
der of the test subject using electroencephalograms during
sleep. That is to say, based on the finding that waveforms of
the electroencephalograms during sleep are different between
a patient with a mental disorder and a healthy person, this
example is used to properly determine whether or not a men-
tal disorder is present, by performing output such that these
waveforms can be easily compared with the electroencepha-
logram during sleep of a test subject.

[0304] FIG. 29 is a block diagram of an electroencephalo-
gram information output apparatus 1000 in this example.
[0305] The electroencephalogram information output
apparatus 1000 includes a healthy electroencephalogram
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storage portion 11, a disordered electroencephalogram stor-
age portion 12, an accepting portion 13, and an output portion
14.

[0306] In the healthy electroencephalogram storage por-
tion 11, one or more pieces of healthy electroencephalogram
information are stored. The healthy electroencephalogram
information is information on electroencephalograms during
sleep of a healthy person. A healthy person described here is,
for example, a person free from at least a predetermined
mental disorder. Examples of the predetermined mental dis-
order include depression, schizophrenia, panic disorder, and
the like. The electroencephalogram information is informa-
tion on electroencephalograms. The electroencephalogram
information is, for example, information on output from an
electroencephalograph or the like. The electroencephalogram
information is, for example, information having one or more
output values (e.g., voltage values) of an electroencephalo-
graph in association with a time series. The electroencepha-
logram information may be, for example, information having
sampling times and output values of the electroencephalo-
grams. Note that the electroencephalogram information may
be image data indicating an electroencephalogram. The same
is applied to the description below. The image data may be
vector data or may be raster data. Furthermore, the electro-
encephalogram information may be data obtained by per-
forming processing such as noise reduction on actual mea-
surement  values  actually acquired using an
electroencephalograph or the like. The same is applied to the
description below. The healthy electroencephalogram infor-
mation may be part or the whole of the electroencephalogram
information acquired during sleep of one healthy person.
Furthermore, the healthy electroencephalogram information
may be part of the electroencephalogram information in a
predetermined cycle, phase, period, or the like during sleep.
For example, it may be electroencephalogram information in
the first cycle of sleep, electroencephalogram information
during REM sleep, electroencephalogram information during
non-REM sleep, electroencephalogram information after the
elapse of a predetermined period of time after the start of
sleep, or the like. Furthermore, the healthy electroencephalo-
gram information may be electroencephalogram information
in a predetermined frequency band in the electroencephalo-
gram information during sleep. The electroencephalogram
information in a predetermined frequency band refers to, for
example, oo waves, [3 waves, y waves, 0 waves, or the like.
Note that, in the healthy electroencephalogram storage por-
tion 11, electroencephalogram information acquired in dif-
ferent cycles, different phases, or the like or electroencepha-
logram information in different frequency bands may be
stored in a mixed manner. In this case, the healthy electroen-
cephalogram information may have identifying information
indicating the cycle, phase, period, or the like of the electro-
encephalogram information, or identifying information indi-
cating the frequency band of the information. The healthy
electroencephalogram information is preferably typical elec-
troencephalogram information during sleep of a healthy per-
son. Furthermore, a start position (start time) or an end posi-
tion (end time) of a predetermined cycle, phase, or period of
the healthy electroencephalogram information may be asso-
ciated with, for example, so-called index information or
marker information that can be used to determine a read start
position or the like. The healthy electroencephalogram stor-
age portion 11 is preferably a non-volatile storage medium,
but may be realized also as a volatile storage medium.
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[0307] In the disordered electroencephalogram storage
portion 12, one or more pieces of disordered electroencepha-
logram information are stored. The disordered electroen-
cephalogram information is information on electroencepha-
lograms during sleep of a patient with a mental disorder. A
patient with a mental disorder described here is, for example,
a person having at least a predetermined mental disorder.
Examples of the predetermined mental disorder include
depression, schizophrenia, panic disorder, and the like, as
described above. The disordered electroencephalogram
information may be part or the whole of the electroencepha-
logram information acquired during sleep of one patient with
a mental disorder. Furthermore, the disordered electroen-
cephalogram information may be part of the electroencepha-
logram information in a predetermined cycle, phase, period,
or the like during sleep. Furthermore, the disordered electro-
encephalogram information may be electroencephalogram
information in a predetermined frequency band in the elec-
troencephalogram information during sleep. Note that, in the
disordered electroencephalogram storage portion 12, electro-
encephalogram information acquired in different cycles, dif-
ferent phases, or the like or electroencephalogram informa-
tion in different frequency bands may be stored in a mixed
manner. In this case, the disordered electroencephalogram
information may have identifying information indicating the
cycle, phase, period, or the like of the electroencephalogram
information, or identifying information indicating the fre-
quency band of the information. Furthermore, a start position
(start time) or an end position (end time) of a predetermined
cycle, phase, or period of the disordered electroencephalo-
gram information may be associated with, for example, so-
called index information or marker information that can be
used to determine a read start position or the like. Further-
more, in the disordered electroencephalogram storage por-
tion 12, electroencephalogram information during sleep of
patients having different mental disorders may be stored. In
this case, the disordered electroencephalogram information
may have identifying information for identifying a mental
disorder. The disordered electroencephalogram storage por-
tion 12 is preferably a non-volatile storage medium, but may
be realized also as a volatile storage medium.

[0308] Theaccepting portion 13 accepts one or more pieces
of test subject electroencephalogram information. The test
subject electroencephalogram information is information on
electroencephalograms during sleep of a test subject. Here,
the test subject is a person targeted for the diagnosis of a
predetermined mental disorder. The test subject electroen-
cephalogram information is similar to the healthy electroen-
cephalogram information, the disordered electroencephalo-
gram information, or the like described above, and, thus, a
detailed description thereof has been omitted. The test subject
electroencephalogram information may have identifying
information of a test subject, identifying information of a
mental disorder targeted for the diagnosis, or the like. Here,
accepting is a concept that includes reading of test subject
electroencephalogram information from a storage medium
(not shown) or the like and receiving of the information
transmitted from an electroencephalograph or other appara-
tuses and the like. The accepting portion 13 may be realized as
a device driver for a unit for reading information from a
storage medium, a communication unit, or their control soft-
ware, and the like.

[0309] The output portion 14 reads the healthy electroen-
cephalogram information stored in the healthy electroen-
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cephalogram storage portion 11 and the disordered electro-
encephalogram information stored in the disordered
electroencephalogram storage portion 12, and outputs a
waveform indicated by the read healthy electroencephalo-
gram information (hereinafter, referred to as a “healthy elec-
troencephalogram”™) and a waveform indicated by the read
disordered electroencephalogram information (hereinafter,
referred to as a “disordered electroencephalogram™) in juxta-
position. The output portion 14 may further display scales,
legends, titles, or the like put on the waveforms. When out-
putting the waveforms in juxtaposition, the output portion 14
preferably employs the same units for the horizontal and
vertical axes, the same intervals of the scales, and the like.
Output described here may be, for example, display of a
waveform on a monitor or the like, or printing of a waveform
on paper, a resin sheet, or the like. Furthermore, it may be
processing in which data for display or printing (e.g., image
data, data in an electronic document format, etc.) is generated
and transmitted, or accumulated in a storage medium (not
shown) or the like. Output by the output portion 14 is used, for
example, to diagnose a mental disorder. The output portion 14
outputs, for example, the healthy electroencephalogram and
the disordered electroencephalogram with the horizontal axis
indicating time and the vertical axis indicating waveform
output. When outputting the waveforms, the output portion
14 may generate and output axes indicating time and wave-
form output. The output portion 14 outputs, for example, the
healthy electroencephalogram and the disordered electroen-
cephalogram in vertical juxtaposition. Furthermore, the
healthy electroencephalogram and the disordered electroen-
cephalogram may be output in an overlapping manner. The
output portion 14 may output the healthy electroencephalo-
gram and the disordered electroencephalogram in different
colors, different line types, or the like.

[0310] If the healthy electroencephalogram information
and the disordered electroencephalogram information have
identifying information of a cycle, a phase, or the like, iden-
tifying information of a frequency band, or the like as
described above, the output portion 14 may output waveforms
ofthe healthy electroencephalogram information and the dis-
ordered electroencephalogram information matching at least
part of these pieces of identifying information. Furthermore,
portions of waveforms matching information that can be used
to determine a read start position, such as index, associated
with the healthy electroencephalogram information and the
disordered electroencephalogram information may be output.
Furthermore, the output portion 14 may output waveforms of
the healthy electroencephalogram information and the disor-
dered electroencephalogram information having identifying
information of a cycle, a phase, a frequency band, or the like
specified by the user. Furthermore, the output portion 14 may
output portions of waveforms of the healthy electroencepha-
logram information and the disordered electroencephalo-
gram information having information that can be used to
determine a read start position, such as index, specified by an
instruction input by the user. Alternatively, waveforms indi-
cated by the healthy electroencephalogram information and
the disordered electroencephalogram information in a time
(period) specified by an instruction input by the user may be
output. Note that the instruction from the user may be
accepted, for example, by an instruction accepting portion
(not shown) or the like for accepting an instruction. Further-
more, if the healthy electroencephalogram information and
the disordered electroencephalogram information have iden-
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tifying information of a mental disorder as described above,
the waveform indicating the healthy electroencephalogram
information and the waveform indicating the disordered elec-
troencephalogram information having identifying informa-
tion of the same mental disorder may be output.

[0311] Furthermore, the output portion 14 may output a
waveform indicated by the test subject electroencephalogram
information accepted by the accepting portion 13 (hereinaf-
ter, “test subject electroencephalogram™) in juxtaposition
with the healthy electroencephalogram information and the
disordered electroencephalogram information. For example,
the output portion 14 may output the healthy electroencepha-
logram, the disordered electroencephalogram, and the test
subject electroencephalogram in vertical juxtaposition. In
particular, when outputting the waveforms in vertical juxta-
position, the output portion 14 preferably outputs them such
that the test subject electroencephalogram is positioned
between the healthy electroencephalogram and the disor-
dered electroencephalogram. Accordingly, it can be easily
determined which of the electroencephalogram of a healthy
person and the electroencephalogram of a patient with a men-
tal disorder is closer to the test subject electroencephalogram.
[0312] The output portion 14 may be considered to include
or not to include an output device, such as a display screen or
a printer. The output portion 14 may be realized as driver
software for an output device, or a combination of driver
software for an output device, the output device, and the like.
[0313] FIG.30is aview showing an exemplary sheet show-
ing the healthy electroencephalogram and the disordered
electroencephalogram output by the output portion 14 of the
electroencephalogram information output apparatus 1000.
Such a sheet showing at least the healthy electroencephalo-
gram and the disordered electroencephalogram is a sheet used
to diagnose a mental disorder, and, thus, such a sheet is in this
example referred to as a mental disorder diagnostic sheet. In
a mental disorder diagnostic sheet 21, a healthy electroen-
cephalogram 23 and a disordered electroencephalogram 24
are shown on a sheet 22. The sheet 22 may be made of paper
oraresin sheet. There is no limitation on the thickness and the
size of the sheet 22. Furthermore, there is no limitation on the
color and the like of the sheet 22. The sheet 22 is preferably a
transparent sheet, which makes it possible to perform com-
parison in an overlapping manner with an electroencephalo-
gram during sleep of a test subject. The mental disorder
diagnostic sheet 21 shows the healthy electroencephalogram
23 and the disordered electroencephalogram 24, for example,
each in the form of a waveform graph with the horizontal axis
indicating time and the vertical axis indicating waveform
output (e.g., voltage). Furthermore, the healthy electroen-
cephalogram 23 and the disordered electroencephalogram 24
are displayed in juxtaposition in the vertical direction (i.e., in
the vertical axis direction).

[0314] FIG. 31 is a view showing an exemplary mental
disorder diagnostic sheet showing the healthy electroen-
cephalogram, the disordered electroencephalogram, and the
test subject electroencephalogram output by the output por-
tion 14 of the electroencephalogram information output appa-
ratus 1000. In a mental disorder diagnostic sheet 31, a healthy
electroencephalogram 33, a disordered electroencephalo-
gram 34, and a test subject electroencephalogram 35 are
shown on the sheet 22 described above. The mental disorder
diagnostic sheet 31 shows the healthy electroencephalogram
33, the disordered electroencephalogram 34, and the test sub-
ject electroencephalogram 35, for example, each in the form
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of a waveform graph with the horizontal axis indicating time
and the vertical axis indicating waveform output (e.g., volt-
age). Furthermore, the healthy electroencephalogram 33, the
disordered electroencephalogram 34, and the test subject
electroencephalogram 35 are displayed in juxtaposition in the
vertical direction (i.e., in the vertical axis direction) such that
the test subject electroencephalogram 35 is positioned
between the healthy electroencephalogram 33 and the disor-
dered electroencephalogram 34.

[0315] Next, an operation of the electroencephalogram
information output apparatus 1000 will be described with
reference to the flowchart in FIG. 32.

[0316] (Step S101) The electroencephalogram information
output apparatus 1000 determines whether or not an instruc-
tion for outputting a healthy electroencephalogram and a
disordered electroencephalogram has been accepted. If such
an instruction has been accepted, the procedure advances to
step S102, and, if not, the procedure advances to step S105.

[0317] (Step S102) The output portion 14 reads healthy
electroencephalogram information from the healthy electro-
encephalogram storage portion 11.

[0318] (Step S103) The output portion 14 reads disordered
electroencephalogram information from the disordered elec-
troencephalogram storage portion 12.

[0319] (Step S104) The output portion 14 outputs, in jux-
taposition, waveforms respectively indicated by the healthy
electroencephalogram information and the disordered elec-
troencephalogram information read in steps S102 and S103.
For example, the mental disorder diagnostic sheet 21 is output
in which the healthy electroencephalogram and the disor-
dered electroencephalogram are displayed in juxtaposition.
Then, the procedure returns to step S101.

[0320] (Step S105) The electroencephalogram information
output apparatus 1000 determines whether or not an instruc-
tion for outputting a healthy electroencephalogram, a disor-
dered electroencephalogram, and a test subject electroen-
cephalogram has been accepted. If such an instruction has
been accepted, the procedure advances to step S106, and, if
not, the procedure returns to step S101.

[0321] (Step S106) The accepting portion 13 determines
whether or not test subject electroencephalogram information
has been accepted. If such information has been accepted, the
procedure advances to step S107, and, if not, the procedure
returns to step S106.

[0322] (Step S107) The output portion 14 reads healthy
electroencephalogram information from the healthy electro-
encephalogram storage portion 11.

[0323] (Step S108) The output portion 14 reads disordered
electroencephalogram information from the disordered elec-
troencephalogram storage portion 12.

[0324] (Step S109) The output portion 14 outputs, in jux-
taposition, a waveform indicated by the test subject electro-
encephalogram information accepted in step S106 and wave-
forms  respectively  indicated by the healthy
electroencephalogram information and the disordered elec-
troencephalogram information read in steps S107 and S108.
For example, the mental disorder diagnostic sheet 31 is output
in which the test subject electroencephalogram is positioned
between the healthy electroencephalogram and the disor-
dered electroencephalogram that are displayed in juxtaposi-
tion. Then, the procedure returns to step S101.

[0325] Here, the process is terminated by powering off or
an interruption to abort the process in the flowchart in FIG.
32.
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[0326] Hereinafter, a specific operation of the electroen-
cephalogram information output apparatus 1000 in this
example will be described.

[0327] FIG. 33 is a conceptual view of the electroencepha-
logram information output apparatus 1000. In the view, the
output portion 14 of the electroencephalogram information
output apparatus 1000 is connected to a printer 1001 and a
monitor 1002, which are output devices.

[0328] FIG. 34 is a table showing exemplary healthy elec-
troencephalogram information stored in the healthy electro-
encephalogram storage portion 11. The healthy electroen-
cephalogram information has items “time” indicating
sampling time (sec) and “output” indicating output (uV) of
the acquired electroencephalograms. Here, it is assumed that
“time” is time elapsed after starting measurement of the elec-
troencephalogram information. Note that it may be time on
clock. Here, as an example, a case will be described in which
only one piece of healthy electroencephalogram information
is stored in the healthy electroencephalogram storage portion
11, but multiple pieces of healthy electroencephalogram
information may be stored, and one piece of healthy electro-
encephalogram information that is to be output may be
selected with an instruction from the user.

[0329] Furthermore, here, it is assumed that one piece of
disordered electroencephalogram information similar to that
in FIG. 34 is stored in the disordered electroencephalogram
storage portion 12. As in the case of the healthy electroen-
cephalogram storage portion 11, multiple pieces of disor-
dered electroencephalogram information may be stored in the
disordered electroencephalogram storage portion 12, and one
piece of disordered electroencephalogram information that is
to be output may be selected with an instruction from the user.

[0330] First, itis assumed that the user operates a keyboard,
a mouse, or the like such that an instruction for outputting the
healthy electroencephalogram and the disordered electroen-
cephalogram is input via an input menu or the like to an
instruction accepting portion (not shown) or the like of the
electroencephalogram information output apparatus 1000.
Furthermore, it is assumed that information specifying either
the printer 1001 or the monitor 1002 as an output destination
is also input.

[0331] The output portion 14 reads the healthy electroen-
cephalogram information shown in FIG. 34 and the disor-
dered electroencephalogram information similar to that in
FIG. 34 respectively from the healthy electroencephalogram
storage portion 11 and the disordered electroencephalogram
storage portion 12.

[0332] Then, the output portion 14 outputs the read infor-
mation to the output destination specified by the above-de-
scribed input operation. For example, if the printer 1001 is
selected as the output destination, image information of
waveforms obtained by plotting the healthy electroencepha-
logram information and the disordered electroencephalo-
gram information that have been read, that is, image informa-
tion of the healthy electroencephalogram and image
information of the disordered electroencephalogram are
respectively generated, and image information in which these
pieces of information are arranged in vertical juxtaposition is
generated. For example, images of the waveforms are
arranged in a template or the like prepared in advance. Then,
the generated image information is printed using the printer
1001, for example, on a transparent sheet (e.g., transparent
film, etc.).
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[0333] Accordingly, the mental disorder diagnostic sheet
21 as shown in FIG. 30 is obtained. Note that the sheet 22 of
the mental disorder diagnostic sheet 21 obtained here is a
transparent sheet.

[0334] Since the mental disorder diagnostic sheet 21 is a
transparent sheet, the healthy electroencephalogram and the
disordered electroencephalogram shown in the mental disor-
der diagnostic sheet 21 can be compared, in an overlapping
manner, with a test subject electroencephalogram output
separately from the mental disorder diagnostic sheet 21.
Accordingly, this sheet is easy to use in comparison, and
makes it possible to perform accurate diagnosis.

[0335] Furthermore, if the monitor 1002 is specified as the
output destination, an image in which the healthy electroen-
cephalogram and the disordered electroencephalogram are
arranged in vertical juxtaposition as in the image in the mental
disorder diagnostic sheet 21 shown in FIG. 30 is displayed on
the monitor 1002.

[0336] Furthermore, it is assumed that the user operates a
keyboard, a mouse, or the like such that an instruction for
outputting the healthy electroencephalogram, the disordered
electroencephalogram, and the test subject electroencephalo-
gram is input via an input menu or the like to an instruction
accepting portion (not shown) or the like of the electroen-
cephalogram information output apparatus 1000. Further-
more, it is assumed that information specifying either the
printer 1001 or the monitor 1002 as an output destination is
also input.

[0337] Ifthis instruction is input, information requiring the
user to specify test subject electroencephalogram information
that is to be output is displayed on the monitor 1002. Then, it
is assumed that information (e.g., a file name or a path name
of the test subject electroencephalogram information) for
specifying test subject electroencephalogram information
stored in advance in a storage medium (not shown) or the like
of the electroencephalogram information output apparatus
1000 is input by the user to an instruction accepting portion
(not shown) or the like. It is assumed that the test subject
electroencephalogram information is stored in advance in the
storage medium (not shown) or the like of the electroencepha-
logram information output apparatus 1000. Furthermore, it is
assumed that this test subject electroencephalogram informa-
tion is information similar to the healthy electroencephalo-
gram information shown in FIG. 34.

[0338] If the instruction accepting portion (not shown) or
the like accepts information specifying test subject electro-
encephalogram information, the output portion 14 reads the
specified test subject electroencephalogram information.
Furthermore, as described above, the healthy electroencepha-
logram information and the disordered electroencephalo-
gram information are respectively read from the healthy elec-
troencephalogram storage portion 11 and the disordered
electroencephalogram storage portion 12.

[0339] Then, the output portion 14 outputs the read infor-
mation to the output destination specified by the above-de-
scribed input operation. For example, if the printer 1001 is
selected as the output destination, image information of
waveforms obtained by plotting the test subject electroen-
cephalogram information, the healthy electroencephalogram
information, and the disordered electroencephalogram infor-
mation that have been read, that is, image information of the
test subject electroencephalogram, image information of the
healthy electroencephalogram, and image information of the
disordered electroencephalogram are respectively generated,
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and image information in which these pieces of information
are arranged in vertical juxtaposition such that the test subject
electroencephalogram is positioned between the healthy elec-
troencephalogram and the disordered electroencephalogram
is generated. For example, images of the waveforms are
arranged in a template or the like prepared in advance. Then,
the generated image information is printed using the printer
1001, in this case, on a transparent sheet (e.g., transparent
film, etc.).

[0340] Accordingly, the mental disorder diagnostic sheet
31 as shown in FIG. 31 is obtained. The sheet 22 of the mental
disorder diagnostic sheet 31 obtained here is a transparent
sheet. Furthermore, if the test subject electroencephalogram
information has identifying information such as a name ofthe
test subject, this information may be displayed near the image
of the test subject electroencephalogram.

[0341] The mental disorder diagnostic sheet 31 can be used
in a similar manner to the mental disorder diagnostic sheet 21.
Moreover, the test subject electroencephalogram, the healthy
electroencephalogram, and the disordered electroencephalo-
gram can be compared with each other only with the mental
disorder diagnostic sheet 31. Furthermore, since the test sub-
ject electroencephalogram information is positioned between
the healthy electroencephalogram and the disordered electro-
encephalogram, the waveforms that are to be compared with
each other are located near each other. Furthermore, no other
waveform is displayed between these waveforms. Accord-
ingly, the comparison can be very easily performed.

[0342] Furthermore, if the monitor 1002 is specified as the
output destination, an image in which the test subject elec-
troencephalogram, the healthy electroencephalogram, and
the disordered electroencephalogram are arranged in vertical
juxtaposition as in the image in the mental disorder diagnostic
sheet 31 shown in FIG. 31 is displayed on the monitor 1002.
[0343] As described above, according to this example, the
healthy electroencephalogram and the disordered electroen-
cephalogram can be output in juxtaposition. Thus, for
example, a doctor who visually compares the waveforms
indicated by this output result with the waveform indicated by
the test subject electroencephalogram information can more
accurately and more easily determine whether or not the
waveform indicated by the test subject electroencephalogram
information is that of a patient with a mental disorder.
[0344] Furthermore, the healthy electroencephalogram, the
disordered electroencephalogram, and the test subject elec-
troencephalogram can be output in juxtaposition. Thus, for
example, a doctor who visually compares the test subject
electroencephalogram with the other electroencephalogram
waveforms indicated by the output result can more accurately
and more easily determine whether or not the waveform indi-
cated by the test subject electroencephalogram information is
that of a patient with a mental disorder.

[0345] In particular, since the test subject electroencepha-
logram is positioned between the healthy electroencephalo-
gram and the disordered electroencephalogram, and these
waveforms are arranged in vertical juxtaposition, the test
subject electroencephalogram is located near each of the
healthy electroencephalogram and the disordered electroen-
cephalogram. Thus, the test subject electroencephalogram
can be more easily compared with the healthy electroen-
cephalogram and the disordered electroencephalogram.
[0346] Furthermore, in particular, since these waveforms
are printed on a transparent sheet, the healthy electroencepha-
logram and the disordered electroencephalogram printed on
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this sheet can be overlapped with the test subject electroen-
cephalogram, and, in this state, it can be determined which of
the waveforms is closer to the test subject electroencephalo-
gram. Accordingly, the presence or absence of a mental dis-
order can be easily determined.

[0347] Inthe foregoing examples, the exemplary status was
described in which electroencephalogram information
obtained by multiplying, by 1/5, a value of the electroen-
cephalogram information acquired by the electroencephalo-
gram acquiring apparatus (i.e., by multiplying an amplitude
by 1/5) is used by the mental disorder analysis apparatus, and
an average value of eight values obtained by the appearance
status acquiring unit dividing one epoch in 30 seconds into
eight portions each in 4 seconds and performing Fourier
transform on each of these portions is used as a result obtained
by performing Fourier transform on that one epoch. The
values such as the threshold values shown in the foregoing
examples are values set according to this sort of case. Setting
the sensitivity of the electroencephalogram information
smaller, and setting the time duration for Fourier transform
shorter are proper in order to perform the analysis at high
quality, for example, in the case where a noise level of the
electroencephalogram acquiring apparatus such as an elec-
troencephalograph is high (e.g., approximately 10 pV).

[0348] However, in the case where a high-performance
electroencephalogram acquiring apparatus with a noise level
ofapproximately 3 1V or less is used, in the present invention,
the sensitivity of the electroencephalogram information does
not have to be set small, and the electroencephalogram infor-
mation acquired by the electroencephalogram acquiring
apparatus may be used as it is. Furthermore, instead of per-
forming Fourier transform on each of multiple time segments
obtained by dividing an epoch and acquiring an average value
of'the resulting values, it is possible to use the result obtained
by performing Fourier transform once on an entire epoch, as
it is, as a result obtained by performing Fourier transform on
the epoch. Accordingly, the analysis can be performed at
higher quality.

[0349] Note that, in the case where the electroencephalo-
gram information acquired by the electroencephalogram
acquiring apparatus is used as it is, and the result obtained by
the appearance status acquiring unit performing Fourier
transform on an entire epoch is used as a result obtained by
performing Fourier transform on that epoch, the values
acquired by the appearance status acquiring unit performing
Fourier transform, and the values such as the threshold values
used to diagnose a mental disorder or the like, described in the
foregoing examples, have to be changed as appropriate. Spe-
cifically, an output value of the electroencephalogram infor-
mation becomes a value five times the above-mentioned value
because it is changed from 1/5 to 1, and the time duration for
Fourier transform becomes 7.5 times the above-mentioned
duration because it is changed from 4 seconds, whichis a time
duration obtained by dividing an epoch, to 30 seconds, which
is a time duration of an entire epoch. Thus, power values of .
waves, § waves, 0 waves, and the like obtained by Fourier
transform, and the threshold values and the like related
thereto respectively become 5°x7.5 (=187.5) times the values
shown in the foregoing examples.

[0350] Specifically, the values acquired by the appearance
status acquiring unit performing Fourier transform and the
values such as the threshold values used to diagnose a mental
disorder or the like are changed as below.
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[0351] Inthe description of the Example above, the thresh-
old value for the power of o waves used by the determining
unit 1022 when determining whether or not the test subject
has depression becomes, for example, 187.5 to 281.25 uV2,
and the threshold value when detecting serious depression
becomes, for example, 375 V2. Furthermore, the o. wave
peak value acquired by the appearance status acquiring unit
1021 performing fast Fourier transform in the example given
in the Example above is changed from 1.5 uV?to 281.25 uv2.
[0352] Furthermore, the values of “o. power” in the o power
management table shown in FIG. 13 are all changed to values
that are 187.5 times the original values. Furthermore, the
value calculated by the determining unit 1022 as an average
value of the values of ““o. power” is changed to “271.875 uvV>".
Furthermore, the value shown as the threshold value for the
power of o waves in the example given in the Example is
changed from “1.0 pV>"to “187.5 uv>".

[0353] Furthermore, in the example given in the Another
Example, the power value of  waves in a REM sleep period
is changed from about 1 wV*/min to about 187.5 uV*/min, and
the power value in a non-REM sleep period is changed from
about 7 to 10 uV>/min to about 1312.5 to 1875 uV*/min.
[0354] Furthermore, in the example given in the Another
Example, the average value of integral values of § waves
respectively contained in the multiple epochs, used to deter-
mine that the test subject does not have depression, is changed
from 1.5 pV? or more to 281.25 pv=.

[0355] Furthermore, in the example given in the Another
Example, the threshold value for the power of § waves, used
when determining the number of times of appearance of d
waves in order to determine that depression is not present, is
changed from “5 uV>’ to “937.5 uV>", and the threshold
value for the average value of the powers of d waves is
changed from “1.0 pV>” to “187.5 uv>".

[0356] Furthermore, in the Another Example, the threshold
value used by the determining unit 2022 when determining
whether or not the average value of the powers of & waves
acquired in the respective epochs by the appearance status
acquiring unit 2021 is the threshold value or more is changed
from “1.0 WV’ to “187.5 uvV=".

[0357] Furthermore, the threshold value for the power of 3
waves shown in the foregoing example is changed to 56.25
nv=.

[0358] Furthermore, the power values in the graphs shown
in FIGS. 5, 6,13, 14, 18, and 19 are all changed to values that
are 187.5 times the original values.

[0359] Furthermore, the values of “output” in the healthy
electroencephalogram information shown in FIG. 34 are all
changed to values that are five times the original values.
[0360] In the foregoing examples, if one epoch is set at 4
seconds, for example, the values acquired by the appearance
status acquiring unit performing Fourier transform, and the
values such as the threshold values used to diagnose a mental
disorder or the like, described in the foregoing examples, can
be used as they are.

[0361] Inthe foregoing examples, each process (each func-
tion) may be realized as integrated processing using a single
apparatus (system), or may be realized as distributed process-
ing using multiple apparatuses.

[0362] Furthermore, in the foregoing examples, the case
was described in which the mental disorder analysis appara-
tus is a stand-alone apparatus, but the mental disorder analy-
sis apparatus may be either a stand-alone apparatus or a server
apparatus in a server-client system. In the latter case, the
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output portion and the accepting portion use a communica-
tion line to accept input or output a screen.

[0363] Inthe foregoing examples, software for realizing the
mental disorder analysis apparatus is a program as below.
That is to say, this program is a program for causing a com-
puter that can access a storage portion in which sleep electro-
encephalogram information, which is information on electro-
encephalograms during sleep of a test subject, is stored to
function as: an analyzing portion that performs analysis
regarding presence or absence of a mental disorder using the
sleep electroencephalogram information stored in the storage
portion; and an output portion that outputs a result of the
analysis performed by the analyzing portion.

[0364] Furthermore, this program is a program for causing
a computer that can access a healthy electroencephalogram
storage portion in which healthy electroencephalogram infor-
mation, which is information on electroencephalograms dur-
ing sleep of a healthy person, is stored and a disordered
electroencephalogram storage portion in which disordered
electroencephalogram information, which is information on
electroencephalograms during sleep of a patient with a men-
tal disorder, is stored to function as: an output portion that
outputs a waveform indicated by the healthy electroencepha-
logram information and a waveform indicated by the disor-
dered electroencephalogram information in juxtaposition.
[0365] Note that, in the programs, the functions realized by
the programs do not include functions that can be realized
only by hardware. For example, functions that can be realized
only by hardware, such as a modem or an interface card, in an
acquiring portion that acquires information or an output por-
tion that outputs information are not included in the functions
realized by the above-described programs.

[0366] Furthermore, acomputer that executes the programs
may be a single computer or may be multiple computers. That
is to say, integrated processing may be performed, or distrib-
uted processing may be performed.

[0367] FIG. 27 is a schematic view showing an exemplary
appearance of a computer that executes the programs
described above to realize the mental disorder analysis appa-
ratus in the foregoing examples. The foregoing examples may
be realized using computer hardware and computer programs
executed thereon.

[0368] InFIG. 27, acomputer system 900 is provided with
a computer 901 including a CD-ROM (compact disk read
only memory) drive 905 and an FD (Floppy (registered trade-
mark) disk) drive 906, a keyboard 902, a mouse 903, and a
monitor 904.

[0369] FIG. 28 is a diagram showing an internal configu-
ration of the computer system 900. In FIG. 28, the computer
901 is provided with, not only the CD-ROM drive 905 and the
FD drive 906, but also an MPU (micro processing unit) 911,
a ROM 912 in which a program such as a startup program is
to be stored, a RAM (random access memory) 913 that is
connected to the MPU 911 and in which a command of an
application program is temporarily stored, and a temporary
storage area is provided, a hard disk 914 in which an appli-
cation program, a system program, and data are stored, and a
bus 915 that connects the MPU 911, the ROM 912, and the
like. Note that the computer 901 may include a network card
(not shown) for providing a connection to a LAN.

[0370] The program for causing the computer system 900
to execute the functions of the mental disorder analysis appa-
ratuses and the like in the foregoing examples may be stored
in a CD-ROM 921 or a FD 922 that is inserted into the
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CD-ROM drive 905 or the FD drive 906, and be transmitted to
the hard disk 914. Alternatively, the program may be trans-
mitted via a network (not shown) to the computer 901 and
stored in the hard disk 914. At the time of execution, the
program is loaded into the RAM 913. The program may be
loaded from the CD-ROM 921 or the FD 922, or directly from
a network.

[0371] The program does not necessarily have to include,
for example, an operating system (OS) or a third party pro-
gramto cause the computer 901 to execute the functions of the
mental disorder analysis apparatus in the foregoing examples.
The program may only include a command portion to call an
appropriate function (module) in a controlled mode and
obtain desired results. The manner in which the computer
system 900 operates is well known, and, thus, a detailed
description thereof has been omitted.

[0372] The present invention is not limited to the examples
set forth herein. Various modifications are possible within the
scope of the present invention.

[0373] As described above, the mental disorder analysis
apparatus according to the present invention is suitable as an
apparatus for analyzing information on electroencephalo-
grams, and is particularly useful as an apparatuses and the like
for diagnosing a mental disorder using the information on
electroencephalograms.

1. (canceled)

2. (canceled)

3. A mental disorder analysis apparatus, comprising:

a storage portion in which sleep electroencephalogram
information, which is information on electroencephalo-
grams during sleep of a test subject, is stored;

an analyzing portion that performs analysis regarding pres-
ence or absence of a mental disorder using the sleep
electroencephalogram information stored in the storage
portion; and

an output portion that outputs a result of the analysis per-
formed by the analyzing portion;

wherein, as the analysis, the analyzing portion acquires
information indicating an appearance status of any of o
waves, 0 waves, and [} waves contained in the sleep
electroencephalogram information, and determines the
presence or absence of a mental disorder according to
the information;

the output portion outputs a result of the determination
regarding the presence or absence of a mental disorder
performed by the analyzing portion.

4. The mental disorder analysis apparatus according to
claim 3, wherein the analyzing portion acquires information
indicating either one of an appearance rate and a power of o
waves contained in sleep electroencephalogram information
in a non-REM sleep period, in the sleep electroencephalo-
gram information, and determines the presence or absence of
a mental disorder according to the information.

5. The mental disorder analysis apparatus according to
claim 4, wherein the analyzing portion detects spindle waves
in an o band in sleep electroencephalogram information in a
non-REM sleep period, in the sleep electroencephalogram
information, and determines that depression is present in a
case where an appearance rate of the detected spindle waves
exceeds a predetermined threshold value.

6. The mental disorder analysis apparatus according to
claim 4, wherein the analyzing portion performs Fourier
transform to detect an o wave component in each of multiple
periods forming a non-REM sleep period in the sleep elec-
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troencephalogram information, and determines that depres-
sion is present in a case where an appearance rate of periods
in which the o wave component is detected exceeds a prede-
termined threshold value.

7. The mental disorder analysis apparatus according to
claim 4, wherein the analyzing portion performs Fourier
transform to detect an o wave component in each of at least
one period forming a non-REM sleep period in the sleep
electroencephalogram information, and determines that
depression is present in a case where any detected o. wave
component has a power exceeding a predetermined threshold
value.

8. The mental disorder analysis apparatus according to
claim 3, wherein the analyzing portion acquires information
indicating either one of an appearance rate and a power of &
waves contained in sleep electroencephalogram information
in a non-REM sleep period, in the sleep electroencephalo-
gram information, and determines the presence or absence of
a mental disorder according to the information.

9. The mental disorder analysis apparatus according to
claim 8, wherein the analyzing portion performs Fourier
transform to detect a d wave component in each of multiple
periods forming a non-REM sleep period in the sleep elec-
troencephalogram information, and determines that depres-
sion is not present in a case where an appearance rate of
periods in which the 8 wave component is detected exceeds a
predetermined threshold value.

10. The mental disorder analysis apparatus according to
claim 8, wherein the analyzing portion performs Fourier
transform to detect a  wave component in each of at least one
period forming a non-REM sleep period in the sleep electro-
encephalogram information, and determines that depression
is not present in a case where any detected § wave component
has a power exceeding a predetermined threshold value.

11. The mental disorder analysis apparatus according to
claim 3, wherein the analyzing portion acquires information
indicating either one of an appearance rate and a change in a
waveform size of [} waves contained in sleep electroencepha-
logram information in a REM sleep period, in the sleep elec-
troencephalogram information, and determines the presence
or absence of a mental disorder according to the information.

12. The mental disorder analysis apparatus according to
claim 11, wherein the analyzing portion performs Fourier
transform to detect a 3 wave component in each of multiple
periods forming a REM sleep period in the sleep electroen-
cephalogram information, and determines that depression is
present in a case where an appearance rate of periods in which
the § wave component is detected exceeds a predetermined
threshold value.

13. The mental disorder analysis apparatus according to
claim 11, wherein the analyzing portion acquires a difference
between amplitudes of adjacent waves in 3 waves in each of
at least one period forming a REM sleep period in the sleep
electroencephalogram information, and determines that
depression is present in a case where any acquired difference
between the amplitudes exceeds a predetermined threshold
value.

14. The mental disorder analysis apparatus according to
claim 3, further comprising a medication determining portion
that acquires information indicating an appearance status of'y
waves contained in the sleep electroencephalogram informa-
tion stored in the storage portion, and determines whether or
not drug administration has been performed for a mental
disorder according to the information,
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wherein the output portion further outputs a result of the
determination performed by the medication determining
portion.

15. The mental disorder analysis apparatus according to
claim 3, wherein the analyzing portion acquires at least two
pieces of information from among: information indicating
either one of an appearance rate and a power of o waves
contained in sleep electroencephalogram information in a
non-REM sleep period, in the sleep electroencephalogram
information; information indicating either one of an appear-
ance rate and a power of 8 waves contained in sleep electro-
encephalogram information in a non-REM sleep period, in
the sleep electroencephalogram information; and informa-
tion indicating either one of an appearance rate and a change
in a waveform size of § waves contained in sleep electroen-
cephalogram information in a REM sleep period, in the sleep
electroencephalogram information; and determines the pres-
ence or absence of a mental disorder according to a combi-
nation of the pieces of information.

16. The mental disorder analysis apparatus according to
claim 3,

wherein the analyzing portion acquires electroencephalo-

gram information at least one predetermined specific
frequency from the sleep electroencephalogram infor-
mation, and

the output portion outputs the sleep electroencephalogram

information at the specific frequency acquired by the
analyzing portion.

17. The mental disorder analysis apparatus according to
claim 16, wherein the output portion outputs the sleep elec-
troencephalogram information at the specific frequency
acquired by the analyzing portion, and the sleep electroen-
cephalogram information from which said sleep electroen-
cephalogram information has been acquired.

18. The mental disorder analysis apparatus according to
claim 3,

wherein the analyzing portion acquires electroencephalo-

gram information at least two predetermined specific
frequencies from the sleep electroencephalogram infor-
mation, and

the output portion outputs the sleep electroencephalogram

information at the at least two specific frequencies
acquired by the analyzing portion.

19. The mental disorder analysis apparatus according to
claim 3,

wherein the analyzing portion acquires information indi-

cating an appearance status of electroencephalogram
information at a predetermined specific frequency from
the sleep electroencephalogram information, and

the output portion outputs the information indicating the

appearance status acquired by the analyzing portion.

20. The mental disorder analysis apparatus according to
claim 3, wherein the mental disorder is depression.

21. A mental disorder analysis method performed using a
storage portion in which sleep electroencephalogram infor-
mation, which is information on electroencephalograms dur-
ing sleep of a test subject, is stored, an analyzing portion, and
an output portion, comprising:

an analyzing step of the analyzing portion performing

analysis regarding presence or absence of a mental dis-
order using the sleep electroencephalogram information
stored in the storage portion; and

an output step of the output portion outputting a result of

the analysis performed in the analyzing step;
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wherein, in the analyzing step, as the analysis, information
indicating an appearance status of any of o waves, 9
waves, and § waves contained in the sleep electroen-
cephalogram information is acquired, and the presence
or absence of a mental disorder is determined according
to the information, and

in the output step, a result of the determination regarding

the presence or absence of a mental disorder performed
in the analyzing step is output.

22. A program for causing a computer that can access a
storage portion in which sleep electroencephalogram infor-
mation, which is information on electroencephalograms dur-
ing sleep of a test subject, is stored to function as:

an analyzing portion that performs analysis regarding pres-

ence or absence of a mental disorder using the sleep
electroencephalogram information stored in the storage
portion; and

an output portion that outputs a result of the analysis per-

formed by the analyzing portion;

wherein, as the analysis, the analyzing portion acquires

information indicating an appearance status of any of o
waves, O waves, and § waves contained in the sleep
electroencephalogram information, and determines the
presence or absence of a mental disorder according to
the information, and

the output portion outputs a result of the determination

regarding the presence or absence of a mental disorder
performed by the analyzing portion.
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