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(57) ABSTRACT

A biological information analyzing device includes: an
indicator extraction unit that obtains data of a blood pressure
fluctuation section, which is a section in which a blood
pressure fluctuation has occurred, from time series data of a
blood pressure waveform measured continuously by a sen-
sor, which is worn on a user’s body and can non-invasively
measure a blood pressure waveform for each of heartbeats,
and extracts an indicator expressing a blood pressure fluc-
tuation type of the user from the data of the blood pressure
fluctuation section; and a processing unit that outputs the
indicator expressing the blood pressure fluctuation type
extracted by the indicator extraction unit.
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BIOLOGICAL INFORMATION ANALYSIS
DEVICE AND SYSTEM, AND PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to a technique for
obtaining useful information from a measured blood pres-
sure waveform.

RELATED ART

[0002] Techniques are known in which changes in the
internal pressure of the radial artery are measured and the
shape of pressure pulses (a blood pressure waveform) is
recorded. Patent Document 1 (JP 2008-61824A) discloses
measuring a blood pressure waveform through tonometry
and obtaining information such as Al (Augmentation Index)
value, pulse wave period, baseline fluctuation rate, sharp-
ness, ET (Ejection Time), and the like from the blood
pressure waveform. Patent Document 2 (JP 2005-532111A),
meanwhile, discloses measuring a blood pressure waveform
using a wristwatch-type blood pressure monitor, calculating
a mean arterial pressure, a mean systolic pressure, a mean
diastolic pressure, a mean systolic pressure index, and a
mean diastolic pressure index from the blood pressure
waveform, and then outputting an alert when those values
deviate from reference values.

RELATED ART DOCUMENTS

Patent Documents

[0003] Patent Document 1: JP 2008-61824A
[0004] Patent Document 2: JP 2005-532111A
SUMMARY OF THE INVENTION
Problem to be Solved by the Invention
[0005] The inventors of the present invention are under-

taking diligent research toward putting into practical use
blood pressure measurement devices capable of accurately
measuring a blood pressure waveform for each heartbeat
during free movement. Through experiments using test
subjects throughout the course of this development, the
inventors of the present invention discovered that many
types of useful information can be extracted from blood
pressure waveform data measured continuously during free
movement.

[0006] Blood pressure fluctuations include a variety of
types of fluctuations, including long-term fluctuations aris-
ing with age, fluctuations depending on the day of the week,
fluctuations over the course of a day, fluctuations caused by
environment changes (e.g., temperature changes), and fluc-
tuations caused by changes in a user’s state (e.g., physi-
ological changes such as the occurrence of sleep apnea,
physical changes such as exercise and standing, and so on).
The inventors of the present invention discovered that of
these fluctuations, fluctuations caused by environment
changes and changes in the user’s state manifest as blood
pressure fluctuations in different ways depending on that
person’s condition, risks, attributes (age, sex, and so on), and
the like. Conventional blood pressure monitors can only
measure blood pressure during rest or measure mean values
such as mean systolic pressure, and it has thus been difficult
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to accurately detect instantaneous fluctuations in blood
pressure caused by environment changes, changes in a user’s
state, and so on.

[0007] Accordingly, an object of the present invention is to
provide a novel technique for evaluating the way in which
blood pressure fluctuations appear from user to user. A
further object of the present invention is to provide a novel
technique for estimating a user’s risk on the basis of the way
in which the blood pressure fluctuates.

Means for Solving the Problems

[0008] To achieve the above-described object, the present
invention employs the following configurations.

[0009] A biological information analyzing device accord-
ing to the present invention is a biological information
analyzing device including: an indicator extraction unit that
obtains data of a blood pressure fluctuation section, which is
a section in which a blood pressure fluctuation has occurred,
from time series data of a blood pressure waveform mea-
sured continuously by a sensor, which is worn on a user’s
body and can non-invasively measure a blood pressure
waveform for each of heartbeats, and extracts an indicator
expressing a blood pressure fluctuation type of the user from
the data of the blood pressure fluctuation section; and a
processing unit that outputs the indicator expressing the
blood pressure fluctuation type extracted by the indicator
extraction unit. According to this configuration, the user’s
blood pressure fluctuation type is determined on the basis of
measurement data in a section where the user’s blood
pressure has fluctuated, and that information is then output.
Accordingly, the user can quickly take measures appropriate
to his’her own characteristics. If the device is used by a
doctor, a nurse, or the like, that person can refer to the user’s
(patient’s) blood pressure fluctuation type, and then carry
out treatment, guidance, and so on appropriate for the user’s
characteristics.

[0010] Preferably, the indicator extraction unit calculates
time series data of a systolic blood pressure for each
heartbeat from the time series data of the blood pressure
waveform, and extracts, as the data of the blood pressure
fluctuation section, data of a period between two minimum
points on either side of a maximum point in the time series
data of the systolic blood pressure. Using this extraction
method makes it possible to detect the blood pressure
fluctuation section simply and automatically.

[0011] Preferably, the indicator extraction unit extracts a
blood pressure fluctuation feature amount from the data of
the blood pressure fluctuation section, and takes a trend in
the extracted blood pressure fluctuation feature amount as
one indicator expressing the blood pressure fluctuation type.
This is because the way in which a blood pressure fluctua-
tion appears is thought to be related to the user’s character-
istics, risk, and so on. Additionally, it is preferable that the
indicator extraction unit estimate a cause of the blood
pressure fluctuation in the blood pressure fluctuation section,
and take the estimated cause as one indicator expressing the
blood pressure fluctuation type. This is because the cause of
a blood pressure fluctuation is also thought to be related to
the user’s characteristics, risk, and so on. Preferably, the
indicator extraction unit comprehensively evaluates trends
in the blood pressure fluctuation feature amounts and the
cause of the blood pressure fluctuation. This can be expected
to make it possible to more accurately estimate the user’s
characteristics, risk, and so on.
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[0012] For example, preferably, the indicator extraction
unit classifies the user’s blood pressure fluctuation feature
amount by referring to a class database in which trends of
the blood pressure fluctuation feature amount are registered
as a plurality of different groups and determining whether
the blood pressure fluctuation feature amount extracted from
the data of the blood pressure fluctuation section conforms
to the trend of the blood pressure fluctuation feature amount
in any of the plurality of groups.

[0013] For example, preferably, the indicator extraction
unit estimates the cause of the blood pressure fluctuation in
the blood pressure fluctuation section on the basis of infor-
mation pertaining to a state of the user detected at a time
corresponding to the blood pressure fluctuation section by a
second sensor that detects the state of the user.

[0014] Preferably, the indicator extraction unit obtains risk
information corresponding to the user’s blood pressure
fluctuation type from a risk database in which the blood
pressure fluctuation type is associated with the risk infor-
mation, and the processing unit outputs the risk information
obtained by the indicator extraction unit. According to this
configuration, the user’s blood pressure fluctuation type is
determined on the basis of measurement data in a section
where the user’s blood pressure has fluctuated, and risk
information corresponding to the blood pressure fluctuation
type is then output. Accordingly, the user can quickly take
measures appropriate to his’her own risk. If the device is
used by a doctor, a nurse, or the like, that person can refer
to the risk corresponding to the user’s (patient’s) blood
pressure fluctuation type, and then carry out treatment,
guidance, and so on appropriate for the user’s risk.

[0015] A biological information analyzing system accord-
ing to the present invention is a biological information
analyzing system including: a sensor, which is worn on a
user’s body and can non-invasively measure a blood pres-
sure waveform for each of heartbeats; and a biological
information analyzing device that analyzes biological infor-
mation using data of the blood pressure waveform measured
continuously by the sensor.

[0016] A program according to the present invention is a
program causing a processor to function as the indicator
extraction unit and the processing unit of the biological
information analyzing device.

[0017] Note that the present invention can also be realized
as a biological information analyzing device or system
having at least some of the above configurations and func-
tions. The present invention can also be realized as a
biological information analyzing method including at least
some of the above-described processes, a program that
causes a computer to execute the method, or a computer-
readable recording medium in which such a program is
recorded in a non-transitory manner. The present invention
can also be realized by combining the above-described
configurations and processes as long as no technical con-
flicts result.

Effects of the Invention

[0018] According to the present invention, a novel tech-
nique for evaluating the way in which blood pressure
fluctuations appear from user to user can be provided.
Additionally, a novel technique for estimating a user’s risk
on the basis of the way in which the blood pressure fluctu-
ates can be provided.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a diagram illustrating the external appear-
ance of the overall configuration of a biological information
analyzing system 10.

[0020] FIG. 2 is a block diagram illustrating the hardware
configuration of the biological information analyzing system
10.

[0021] FIG. 3 is a cross-sectional view schematically
illustrating the structure of a blood pressure measurement
unit 20 and a measurement state.

[0022] FIG. 4 is a diagram illustrating a blood pressure
waveform measured by the blood pressure measurement unit
20.

[0023] FIG. 5 is a block diagram illustrating processing
performed by a biological information analyzing device 1.
[0024] FIG. 6 is a diagram illustrating the waveform of a
pressure pulse (a blood pressure waveform) in the radial
artery, for a single heartbeat.

[0025] FIG. 7 is a flowchart illustrating an event occur-
rence risk estimation process according to Example 1.
[0026] FIG. 8 is a diagram illustrating an example of a
blood pressure fluctuation section extraction method accord-
ing to Example 1.

[0027] FIGS. 9A to 9D are diagrams illustrating an
example of waveform feature amounts according to
Example 1.

[0028] FIG. 10 is a diagram illustrating an example of
information pertaining to a user’s blood pressure fluctuation
section according to Example 1.

[0029] FIG. 11 is a diagram conceptually illustrating a
process for classifying blood pressure fluctuation features
according to Example 1.

[0030] FIG. 12 is a diagram illustrating an example of a
risk database according to Example 1.

[0031] FIG. 13 is an example of an information display
screen according to Example 1.

EMBODIMENTS OF THE INVENTION

[0032] A preferred embodiment of the present invention
will be described below with reference to the drawings.
Note, however, that the descriptions of configurations given
hereinafter should be changed as appropriate depending on
the configuration of the device to which the invention is
applied, various types of conditions, and so on, and the
scope of the invention is not intended to be limited by the
following descriptions.

[0033] Biological Information Analyzing System

[0034] FIG. 1 is a diagram illustrating the external appear-
ance of the overall configuration of a biological information
analyzing system 10 according to an embodiment of the
present invention. FIG. 1 illustrates a state in which the
biological information analyzing system 10 is worn on the
left wrist. The biological information analyzing system 10
includes a main unit 11 and a belt 12 fixed to the main unit
11. The biological information analyzing system 10 is what
1s known as a wearable device, and is worn so that the main
unit 11 is in contact with the skin on the inner side of the
wrist and so that the main unit 11 is arranged above a radial
artery TD located beneath the skin. Although the present
embodiment describes a configuration in which the device is
worn above the radial artery TD, the configuration may be
such that the device is worn above another superficial artery.
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[0035] FIG. 2 is a block diagram illustrating the hardware
configuration of the biological information analyzing system
10. Broadly speaking, the biological information analyzing
system 10 includes a measurement unit 2 and a biological
information analyzing device 1. The measurement unit 2 is
a device that obtains information used to analyze biological
information through measurement, and includes a blood
pressure measurement unit 20, a body movement measure-
ment unit 21, and an environment measurement unit 22.
However, the configuration of the measurement unit 2 is not
limited to that illustrated in FIG. 2. For example, units that
measure biological information aside from blood pressure
and body movement (body temperature, blood sugar, brain
waves, and so on) may be added. Alternatively, units not
used in the Example described later are not required con-
figurations and may therefore be omitted from the biological
information analyzing system 10. The biological informa-
tion analyzing device 1 is a device that analyzes biological
information on the basis of information obtained from the
measurement unit 2, and includes a control unit 23, an input
unit 24, an output unit 25, a communication unit 26, and a
storage unit 27. The units 20 to 27 are connected to each
other by a local bus and other signal lines so as to be capable
of exchanging signals. The biological information analyzing
system 10 also includes a power source (a battery), which is
not illustrated.

[0036] The blood pressure measurement unit 20 is a unit
that measures pressure pulses in the radial artery TD through
tonometry. Tonometry is a non-invasive method of measur-
ing pressure pulses using a pressure sensor, in which an
artery is compressed from above the skin at an appropriate
pressure to form a flat part in an artery TD, and the internal
pressure and external pressure of the artery are balanced.
[0037] The body movement measurement unit 21 is a unit,
including a three-axis accelerometer, that measures move-
ment of a user’s body (body movement) using the acceler-
ometer. The body movement measurement unit 21 may
include a circuit that converts the output of the three-axis
accelerometer into a format that can be read by the control
unit 23.

[0038] The environment measurement unit 22 is a unit that
measures environment information that can affect the user’s
physical/mental state (and blood pressure in particular). The
environment measurement unit 22 can include a temperature
sensor, a humidity sensor, an illuminance sensor, an altitude
sensor, a location sensor, and the like, for example. The
environment measurement unit 22 may include a circuit that
converts the output of these sensors into a format that can be
read by the control unit 23.

[0039] The control unit 23 is a unit that handles a variety
of processes, such as controlling the various parts of the
biological information analyzing system 10, acquiring data
from the measurement unit 2, storing the acquired data in the
recording unit 27, processing/analyzing the data, inputting/
outputting the data, and so on. The control unit 23 includes
a hardware processor (called a CPU hereinafter), ROM
(Read-Only Memory), RAM (Random Access Memory),
and the like. The processing carried out by the control umt
23, which will be described later, is realized by the CPU
reading programs stored in the ROM or the storage unit 27
and executing those programs. The RAM functions as a
work memory when the control unit 23 carries out various
types of processes. Although the present embodiment
describes a configuration in which the control unit 23

May 30, 2019

acquires the data from the measurement unit 2 and stores the
data in the storage unit 27, the configuration may be such
that the data is stored (written) directly from the measure-
ment unit 2 into the storage unit 27.

[0040] The constituent elements of the embodiment, e.g,,
the measurement units, an indicator extraction unit, a pro-
cessing unit, a determination unit, a risk database, the input
unit, the output unit, a case database, and the like may be
provided as hardware in the biological information analyz-
ing system 10. The indicator extraction unit, the processing
unit, and the determination unit may receive executable
programs stored in the storage unit 27 and execute those
programs. The indicator extraction unit, the processing unit,
and the determination unit may receive data from the blood
pressure measurement unit 20, the body movement mea-
surement unit 21, the environment measurement unit 22, the
input unit 24, the output unit 25, the communication unit 26,
the storage unit 27, and so on as necessary. Databases such
as the risk database and the case database may be provided
in the storage unit 27 or the like, and may store information
arranged so that the data can be searched and accumulated
with ease. The structure, operations, and the like of the
biological information analyzing system 10 are disclosed in
JP 2016-082069, for example. The content thereof is incor-
porated into this specification by reference. The structure,
operations, and the like of the blood pressure measurement
unit are disclosed in JP 2016-087003A. The content thereof
is incorporated into this specification by reference.

[0041] The input unit 24 is a unit that provides an opera-
tion interface to the user. For example, operation buttons,
switches, a touch panel, or the like can be used.

[0042] The output unit 25 is a unit that provides, to the
user, an interface that outputs information. For example, a
display device that outputs information as images (a liquid
crystal display or the like), an audio output device or a
buzzer that outputs information as audio, an LED that
outputs information by emitting or extinguishing light, a
vibration device that outputs information as vibrations, or
the like can be used.

[0043] The communication unit 26 is a unit that carries out
data communication with other devices. Any system, includ-
ing wireless LAN, Bluetooth (registered trademark), or the
like, may be used as the data communication system.
[0044] The storage unit 27 is a storage medium in which
data can be stored and from which data can be read out, and
stores programs executed by the control unit 23, measure-
ment data obtained from the measurement units, various
types of data obtained by processing the measurement data,
and so on. The storage unit 27 is a medium that electrically,
magnetically, optically, mechanically, or chemically stores
the information to be stored. Flash memory can be used, for
example. The storage unit 27 may be a portable type such as
a memory card, or may be built into the biological infor-
mation analyzing system 10.

[0045] Some or all of the body movement measurement
unit 21, the environment measurement unit 22, the control
unit 23, the input unit 24, the output unit 25, and the storage
unit 27 may be configured as devices separate from the main
unit 11. In other words, as long as the main unit 11 including
the blood pressure measurement unit 20 and a circuit that
controls the blood pressure measurement unit 20 can be
worn on a wrist, the structures of other units can be designed
as desired. In this case, the main unit 11 is linked to the other
units via the communication unit 26. A variety of configu-
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rations are conceivable, such as implementing the functions
of the control unit 23, the input unit 24, the output unit 25,
and so on as a smartphone app, or obtaining necessary data
from an activity meter having the functions of the body
movement measurement unit 21, the environment measure-
ment unit 22, and so on. Sensors that measure biological
information aside from blood pressure may be provided as
well. For example, a sleep sensor, a pulse oximeter (SpO2
sensor), a breathing sensor (flow sensor), a blood sugar level
sensor, and so on may be combined as well.

[0046] Although the present embodiment describes pro-
viding a sensor that measures blood pressure (the blood
pressure measurement unit 20) and a configuration that
carries out analysis processes on blood pressure waveform
data (the control unit 23 and the like) in a single device,
these elements may be configured as separate entities. In the
present embodiment, a configuration that carries out analysis
processes on biological information (the control unit 23 and
the like) is called a “biological information analyzing
device”, and a device configured by combining a measure-
ment unit and the biological information analyzing device is
called a “biological information analyzing system”. How-
ever, these names are used for the sake of simplicity, and the
measurement unit and the configuration that carries out
analysis processes on biological information may as a whole
be called a “biological information analyzing device”, or
other names may be used instead.

[0047] Blood Pressure Waveform Measurement

[0048] FIG. 3 is a cross-sectional view schematically
illustrating the structure of the blood pressure measurement
unit 20 and a measurement state. The blood pressure mea-
surement unit 20 includes a pressure sensor 30, and a
compression mechanism 31 for pressing the pressure sensor
30 against the wrist. The pressure sensor 30 includes a
plurality of pressure detection elements 300. The pressure
detection elements 300 are elements that detect a pressure
and convert the pressure into an electrical signal, and
elements that use a piezoresistance effect, for example, can
be favorably used. The compression mechanism 31 is con-
stituted by, for example, an air bladder and a pump that
adjusts the internal pressure of the air bladder. When the
control unit 23 controls the pump to increase the internal
pressure of the air bladder, the air bladder expands and
presses the pressure sensor 30 against the surface of the skin.
Note that the compression mechanism 31 may be any
mechanism capable of adjusting a compressive force of the
pressure sensor 30 against the surface of the skin, and is not
limited to a mechanism employing an air bladder.

[0049] When the biological information analyzing system
10 is secured to the wrist and started, the control unit 23
controls the compression mechanism 31 of the blood pres-
sure measurement unit 20 to keep the compressive force of
the pressure sensor 30 in an appropriate state (a tonometry
state). Pressure signals detected by the pressure sensor 30
are then acquired sequentially by the control unit 23. The
pressure signals obtained by the pressure sensor 30 are
generated by taking analog physical amounts (e.g., voltage
values) outputted by the pressure detection elements 300 and
digitizing those physical amounts through an A/D conver-
sion circuit or the like that employs a known technique.
Suitable analog values such as current values, resistance
values, or the like may be employed as the analog physical
amounts, depending on the types of the pressure detection
elements 300. The signal processing such as A/D conversion
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may be carried out by providing a predetermined circuit in
the blood pressure measurement unit 20, or may be carried
out by another unit (not shown) provided between the blood
pressure measurement unit 20 and the control unit 23. The
pressure signals acquired by the control unit 23 correspond
to instantaneous values of the internal pressure of the radial
artery TD. Accordingly, time series data of a blood pressure
waveform can be obtained by acquiring a pressure signal at
a time granularity and continuity that enable the blood
pressure waveform of a single heartbeat to be obtained. The
control unit 23 stores the pressure signals sequentially
obtained from the pressure sensor 30 in the storage unit 27
along with information of the measurement times of the
signals. The control unit 23 may store the acquired pressure
signals as-is in the storage unit 27, or may store the pressure
signals in the storage unit 27 after applying necessary signal
processing to the pressure signals. The “necessary signal
processing” may include processing for correcting the pres-
sure signals so that the amplitude of the pressure signals
matches a blood pressure value (e.g., an upper arm blood
pressure), processing for reducing or removing noise from
the pressure signals, or the like, for example.

[0050] FIG. 4 is a diagram illustrating a blood pressure
waveform measured by the blood pressure measurement unit
20. The horizontal axis represents time, and the vertical axis
represents blood pressure. The sampling frequency can be
set as desired, but is preferably set to greater than or equal
to 100 Hz in order to reproduce the shape characteristics of
the waveform of a single heartbeat. Because the period of a
single heartbeat is approximately one second, approximately
100 or more data points can be acquired in the waveform of
a single heartbeat.

[0051] The blood pressure measurement unit 20 according
to the present embodiment has advantages such as those
described below.

[0052] A blood pressure waveform can be measured for
each heartbeat. Thus for example, a variety of indicators
related to blood pressure, heart condition, cardiovascular
risk, and so on can be obtained on the basis of the shape
characteristics of the blood pressure waveform. Addition-
ally, the instantaneous value of the blood pressure can be
monitored, which makes it possible to immediately detect
blood pressure surges (sudden rises in blood pressure value),
reliably detect blood pressure fluctuations and disturbances
in the blood pressure waveform appearing only over
extremely short amounts of time (one to several heartbeats),
and so on.

[0053] Blood pressure monitors that are secured to the
wrist or upper arm and measure blood pressure through the
oscillometric method are in practical use as portable blood
pressure monitors. However, a conventional portable blood
pressure monitor can only measure a mean blood pressure
value from fluctuations in the internal pressure of a cuff over
several heartbeats, spanning several seconds to several tens
of seconds, and thus cannot obtain time series data of a blood
pressure waveform for each heartbeat, as is the case with the
blood pressure measurement unit 20 according to the present
embodiment.

[0054] The blood pressure waveform time series data can
be recorded. When the blood pressure waveform time series
data is acquired, a variety of indicators pertaining to blood
pressure, heart condition, cardiovascular risk, and the like
can be obtained by finding characteristics pertaining to
changes in the blood pressure waveform over time. analyz-
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ing the frequency of the time series data and extracting
specific frequency components, and so on, for example.
[0055] Because the device is configured as a portable
(wearable) device, measurements place little burden on the
user, and it is relatively easy to take continuous measure-
ments for long periods of time, monitor blood pressure
throughout the entire day, and so on. Furthermore, the
portable form makes it possible not only to measure resting
blood pressure, but also to measure changes in blood pres-
sure during free movement (e.g.. during daily activities,
exercise, and so on). This in turn makes it possible to
understand the effects of daily activities (sleeping, meals,
commuting, work, taking medicine, and so on), exercise,
and so on on blood pressure, for example.

[0056] Conventional products are devices of a type in
which a blood pressure measurement unit is secured to the
arm or wrist and the measurement is taken in a state of rest,
and changes in blood pressure during daily activities, exer-
cise, and so on cannot be measured, as with the biological
information analyzing system 10 according to the present
embodiment.

[0057] It is easy to link or combine the system with other
sensors. For example, causal relationship evaluations or
compound evaluations can be made using information
obtained from other sensors (body movement, environment
information such as temperature, other biological informa-
tion such as SpO2 or breathing, and the like).

[0058] Biological Information Analyzing Device

[0059] FIG. 5 is a block diagram illustrating processing
performed by the biological information analyzing device 1.
As illustrated in FIG. 5, the biological information analyzing
device 1 includes an indicator extraction unit 50 and a
processing unit 51. In the present embodiment, the processes
of the indicator extraction unit 50 and the processing unit 51
may be realized by the control unit 23 executing necessary
programs. These programs may be stored in the storage unit
27. When executing the necessary programs, the control unit
23 loads the programs in question, which are stored in the
ROM or the storage unit 27, into the RAM. The control unit
23 then uses a CPU to interpret and execute the programs
loaded into the RAM, and controls the various constituent
elements. However, some or all the processing of the indi-
cator extraction unit 50 and the processing unit 51 may be
implemented by a circuit such as an ASIC, a FPGA, or the
like. Alternatively, some or all of the processing of the
indicator extraction unit 50 and the processing unit 51 may
be implemented by a computer separate from the main unit
11 (e.g., a smartphone, a tablet terminal, a personal com-
puter, a cloud server, or the like).

[0060] The indicator extraction unit 50 obtains, from the
storage unit 27, the blood pressure waveform time series
data measured continuously by the blood pressure measure-
ment unit 20. The indicator extraction unit 50 extracts an
indicator pertaining to characteristics of the blood pressure
waveform, from the obtained blood pressure waveform time
series data. Here, “characteristics of the blood pressure
waveform” include shape characteristics of the blood pres-
sure waveform for a single heartbeat, changes in the blood
pressure waveform over time, a frequency component of the
blood pressure waveform, and so on. The blood pressure
waveform characteristics are not limited thereto, however.
The extracted indicator is output to the processing unit 51.
Because there are a variety of blood pressure waveform
characteristics and indicators, the characteristics and indi-
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cators to be extracted can be designed and selected as
appropriate in accordance with the purpose of the processing
by the processing unit 51. The characteristics and indicators
that can be extracted from the blood pressure waveform
measurement data in the present embodiment will be
described later.

[0061] When finding the indicator, the indicator extraction
unit 50 can use the measurement data from the body
movement measurement unit 21 and/or the measurement
data from the environment measurement unit 22 in addition
to the blood pressure waveform measurement data.
Although not illustrated, measurement data from a sleep
sensor, an SpO2 sensor, a breathing sensor (flow sensor), a
blood sugar level sensor, or the like may be combined as
well. Carrying out a compound analysis on multiple types of
measurement data obtained from multiple types of sensors
enables a higher level of information analysis to be carried
out on the blood pressure waveform. For example, the blood
pressure waveform data can be classified into user states,
such as resting and active, times of high and low tempera-
ture, times of light and deep sleep, breathing and apnea, and
so on. Alternatively, causal relationships, correlations, and
so on among the measurement data can be evaluated, by
extracting the effects of body movement, activity amounts
and activity intensity, changes in temperature, how breathing
or apnea manifests, and so on on blood pressure. Note that
apnea includes obstructive apnea, central apnea, and mixed
apnea.

[0062] The processing unit 51 receives the indicator
extracted by the indicator extraction unit 50. The processing
unit 51 carries out processing on the basis of the received
indicator. A variety of processes are conceivable as the
processes based on the indicator. For example, values of or
changes in the extracted indicator may be provided to the
user, a doctor, a nurse, or the like and used for health
management, treatment, health guidance, and so on.

[0063] Information Obtained from Blood Pressure Wave-
form
[0064] FIG. 6 is a diagram illustrating the waveform of a

pressure pulse (a blood pressure waveform) in the radial
artery, for a single heartbeat. The horizontal axis represents
time t [msec], and the vertical axis represents blood pressure
BP [mmHg].

[0065] The blood pressure waveform is a compound wave
including an “ejection wave” produced when the heart
contracts to expel blood and a “reflected wave” produced
when the ejection wave is reflected by peripheral vessels,
arterial branches, and so on. Examples of characteristic
points that can be extracted from a blood pressure waveform
corresponding to a single heartbeat are listed below.

[0066] Point F1 is a point corresponding to the rise of
the pressure pulse. The point F1 corresponds to an
ejection start point of the heart, i.e., a point when the
aortic valve opens.

[0067] Point F2 is a point where the amplitude (pres-
sure) of the ejection wave is maximum (a first peak).

[0068] Point F3 is an inflection point appearing partway
along the fall of the ejection wave due to the superpo-
sition of the reflected wave.

[0069] Point F4 is a minimum point appearing between
the ejection wave and the reflected wave, and is also
called a “notch”. This corresponds to a point when the
aortic valve closes.
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[0070] Point F5 is a peak in the reflected wave appear-
ing after point F4 (a second peak).

[0071] Point F6 is the end point of the single heartbeat,
and corresponds to the ejection start point of the next
heartbeat, i.e., the starting point of the next heartbeat.

[0072] The indicator extraction unit 50 may use any
algorithm to detect the characteristic points. For example,
the indicator extraction unit 50 may extract a characteristic
point (inflection point) of the blood pressure waveform by
operating so as to find a nth-order differential waveforms of
the blood pressure waveform and detect a zero crossing
point thereof (for points F1, F2, F4, F5, and F6, this can be
detected from a first-order differential waveform, and for
point F3, from a second-order or fourth-order waveform).
Alternatively, the indicator extraction unit 50 may identify
the positions of the characteristic points by reading out a
waveform pattern, in which characteristic points have been
arranged in advance, from the storage unit 27, and fitting the
blood pressure waveform in question to the waveform
pattern.

[0073] By operating on the basis of the times t and the
pressures BP of the above characteristic points F1 to F6, the
indicator extraction unit 50 can obtain a variety of informa-
tion (values, feature amounts, indicators, and the like) from
the blood pressure waveform of a single heartbeat. The
following provides representative examples of information
that can be obtained from the blood pressure waveform.
Note that tx and BPx represent the time and blood pressure,
respectively, of a characteristic point Fx.

[0074] pulse wave interval (heartbeat period) TA=t6-t1
[0075] heart rate PR=1/TA

[0076] pulse wave rise time UT=t2-t1

[0077] systole TS=t4-t1

[0078] diastole TD=t6-t4

[0079] reflected wave delay time=t3-t1

[0080] maximum blood pressure (systolic blood pres-

sure) SBP=BP2
[0081] minimum blood pressure (diastolic blood pres-
sure) DBP=BP1
[0082] mean blood pressure MAP=area of blood pres-
sure waveform from tl to t6/heartbeat period TA
[0083] systolic mean blood pressure=area of blood
pressure waveform from t1 to t4/systole TS
[0084] diastolic mean blood pressure=area of blood
pressure waveform from t4 to t6/diastole TD
[0085] pulse pressure PP=maximum blood pressure
SBP-minimum blood pressure DBP
[0086] late systolic pressure SBP2=BP3
[0087] AI (Augmentation Index)=(late systolic pressure
SBP2-minimum blood pressure DBP)/pulse pressure
PP
[0088] Basic statistical amounts of this information (val-
ues, feature amounts, indicators) can also be used as indi-
cators. The basic statistical amounts include representative
values (mean values, median values, mode values, maxi-
mum values, minimum values, and the like) and dispersion
(variance, standard deviation, coefficient of variation, and
the like), for example. Changes over time in this information
(values, characteristic values, indicators) can also be used as
indicators.
[0089] By computing a plurality of pieces of beat infor-
mation, the indicator extraction unit 50 can obtain an indi-
cator called BRS (baroreflex sensitivity). This is an indicator
expressing the capacity of blood pressure to regulate to a
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constant value. The spontaneous sequence method is an
example of the calculation method. This is a method in
which only a sequence in which the maximum blood pres-
sure SBP and the pulse wave interval TA rise or fall in
synchronization for three or more consecutive beats is
extracted, the maximum blood pressure SBP and the pulse
wave interval TA are plotted on a two-dimensional plane,
and a slope obtained when a regression line is found through
the least-squares method is defined as the BRS.

[0090] As described thus far, using the biological infor-
mation analyzing system 10 according to the present
embodiment makes it possible to obtain a variety of infor-
mation from the blood pressure waveform data. However,
the biological information analyzing system 10 need not
include functions for obtaining all of the above-described
information. It is acceptable to provide only the functions for
obtaining the necessary information, in accordance with the
configuration, user, purpose of usage, location of usage, and
so on of the biological information analyzing system 10.
Additionally, the configuration may be such that the func-
tions are provided as program modules (application sofi-
ware), and functions can be added by installing the required
program modules in the biological information analyzing
system 10.

[0091] The following Example describes a specific
example of the application of the biological information
analyzing system 10.

Example 1

[0092] To accurately ascertain a person’s event occurrence
risk from blood pressure fluctuations, the cause of the
fluctuation, the way in which the fluctuation appears, and so
on should be evaluated comprehensively. However, it is
difficult to express the way in which a blood pressure
fluctuation appears in a section where the blood pressure has
fluctuated (called a “blood pressure fluctuation section”
hereinafter) using only a simple maximum blood pressure
value (SBP), minimum blood pressure value (DPB), and so
on. Accordingly, in this Example, the blood pressure fluc-
tuation section is detected from the blood pressure wave-
form time series data, and an indicator expressing the user’s
blood pressure fluctuation type is found on the basis of the
cause of the blood pressure fluctuation in that section, a
feature amount of the blood pressure fluctuation in that
section, and so on. Turning the blood pressure fluctuation
type into an indicator can be expected to make it possible to
accurately estimate event occurrence risks on a user-by-user
basis.

[0093] FIG. 7isa flowchart illustrating processing accord-
ing to this Example.

[0094] First, the indicator extraction unit 50 loads the
blood pressure waveform time series data from the storage
unit 27 (step 1700). For the purpose of ascertaining trends in
the user’s blood pressure fluctuation, it is preferable that the
indicator extraction unit 50 obtain data for a sufficiently long
period of time (e.g., one week to one month). Next, the
indicator extraction unit 50 extracts a systolic blood pressure
(SBP) value for each heartbeat, and the times thereof, from
the blood pressure waveform for each heartbeat (step 1701).
SBP time series data is obtained as a result. Although SBP
is used in this Example, another feature amount may be used
instead (e.g., diastolic blood pressure (DBP), mean arterial
pressure (MAP), and so on).
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[0095] Next, the indicator extraction unit 50 analyzes the
SBP time series data and extracts the blood pressure fluc-
tuation section (step 1702). The method for extracting the
blood pressure fluctuation section is not particularly limited.
For example, as illustrated in FIG. 8, the indicator extraction
unit 50 may detect a minimum point and maximum point of
an SBP waveform obtained by connecting the SBPs in the
SBP time series data (minimum points/maximum points
caused by fine vibrations may be ignored in the SBP
waveform at this time), and the period between two mini-
mum points on either side of a given maximum point may
be extracted as the blood pressure fluctuation section. Using
this extraction method makes it possible to detect the blood
pressure fluctuation section simply and automatically.

[0096] Next, the indicator extraction unit 50 estimates the
cause of the blood pressure fluctuation in the blood pressure
fluctuation section (step 1703). The cause of the blood
pressure fluctuation may be estimated on the basis of infor-
mation obtained from a sensor that detects the user’s state
(e.g., the body movement measurement unit 21, the envi-
ronment measurement unit 22, or the like). For example, if
it can be determined that the user is engaged in exercise, the
user has stood up from a seated state, or the like on the basis
of information obtained by the body movement measure-
ment unit 21 at a time corresponding to the blood pressure
fluctuation section, the indicator extraction unit 50 may
estimate that the cause of the blood pressure fluctuation is
“exercise”, “standing change in attitude)”, or the like. Addi-
tionally, if it can be determined that the outdoor temperature,
indoor temperature, or the like has changed suddenly on the
basis of information obtained by the environment measure-
ment unit 22 at a time corresponding to the blood pressure
fluctvation section, the indicator extraction unit 50 may
estimate that the cause the blood pressure fluctuation is a
“change in temperature”. The “time corresponding to the
blood pressure fluctuation section” may be a time within the
blood pressure fluctuation section, or, if there is a time delay
between the occurrence of the cause and the blood pressure
fluctvation, may be a time prior to the blood pressure
fluctuation section by a predetermined amount of time (the
correspondence relationship between the blood pressure
fluctuation section and the time of the cause of the blood
pressure fluctuation may be changed as appropriate depend-
ing on the type of the cause of the blood pressure fluctua-
tion). Furthermore, if the time of the blood pressure fluc-
tuation section is at night, the indicator extraction unit 50
may estimate the occurrence of apnea as the cause of the
blood pressure fluctuation. Alternatively, the cause of the
blood pressure fluctuation may be entered by the user
him/herself.

[0097] Next, the indicator extraction unit 50 extracts vari-
ous types of feature amounts from the SBP data in the blood
pressure fluctuation section (step 1704). The types and
number of the extracted feature amounts are not particularly
limited. For example, a basic statistical amount of the SBP
in the blood pressure fluctuation section, the SBP waveform
in the blood pressure fluctuation section, and so on are
feature amounts. Basic statistical amounts include mean,
median, maximum value, minimum value, a difference
between a maximum value and a minimum value, standard
deviation, distortion, sharpness, and so on. As illustrated in
FIGS. 9A to 9D, the waveform feature amounts include: an
SBP value 1901 at a start point of the blood pressure
fluctuation section; an SBP value 1902 at a peak point; an
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SBP value 1903 at an end point; an SBP change amount
1904 between the start point and the peak point; an SBP
change amount 1905 between the peak point and the end
point; an SBP change amount 1906 between the start point
and the end point; a time 1907 between the start point and
the peak point; a time 1908 between the peak point and the
end point; a time 1909 between the start point and the end
point; a rise angle 1910 from the start point to the peak point;
a fall angle 1911 from the peak point to the end point; an
SBP average from the start point to the end point; an SBP
standard deviation from the start point to the peak point; an
SBP standard deviation from the peak point to the end point;
an SBP standard deviation from the start point to the end
point; an area 1912 of the SBP waveform from the start point
to the peak point; an area 1913 of the SBP waveform from
the peak point to the end point; an area of the SBP waveform
from the start point to the end point (the sum of the areas
1912 and 1913); a minimum point in the SBP waveform; and
SO on.

[0098] Next, the indicator extraction unit 50 records the
cause of the blood pressure fluctuation and the blood pres-
sure fluctuation feature amounts in the storage unit 27 as
information pertaining to the blood pressure fluctuation
section (step 1705). If a plurality of blood pressure fluctua-
tion sections have been extracted from the blood pressure
waveform data, the processing of steps 1703 to 1705 are
repeated for each blood pressure fluctuation section. FIG. 10
is an example of information pertaining to the user’s blood
pressure fluctuation section stored in the storage unit 27
(called simply “blood pressure information” hereinafter).
Information of the cause of the blood pressure fluctuation
and the blood pressure fluctuation feature amounts is
recorded for each instance of the blood pressure fluctuation.
“ID” 1s an identifier for identifying the user.

[0099] Next, the indicator extraction unit 50 analyzes the
blood pressure information and finds the most frequent
cause of the blood pressure fluctuation (most frequent cause)
(step 1706). For example, if in the blood pressure informa-
tion for a given user a blood pressure fluctuation cause of
“standing” is 50%, a blood pressure fluctuation cause of
“exercise” is 10%, a blood pressure fluctuation cause of
“apnea” is 20%, and a blood pressure fluctuation cause of
“temperature change” is 20%, the most frequent cause for
that user is “standing”.

[0100] Next, the indicator extraction unit 50 calculates the
blood pressure fluctuation feature amounts on the basis of
the blood pressure information (step 1707). Specifically, the
indicator extraction unit 50 refers to a class database in
which trends of the blood pressure fluctuation feature
amounts are registered as a plurality of different groups and
evaluates the similarities between the user’s blood pressure
fluctuation feature amount and the blood pressure fluctuation
feature amount in each group, and determines whether the
user’s blood pressure fluctuation feature amount conforms to
the trend of the blood pressure fluctuation feature amount in
any of the groups. Although the class database is stored in
the storage unit 27 in this Example, the class database may
be present in storage, a server, or the like external to the
biological information analyzing device 1 (e.g., a cloud
server, online storage, or the like).

[0101] FIG. 11 conceptually illustrates the processing of
step 1707. Blood pressure fluctuation feature amount data
obtained from multiple subjects is registered in the class
database, and that data is divided into K groups (also called
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“classes™) in advance on the basis of the similarity of the
feature amounts. This grouping is carried out through a
known clustering method such as hierarchical clustering, the
K-Means method. or the like. FIG. 11 schematically illus-
trates a feature amount space having been divided into six
groups (classes). The indicator extraction unit 50 maps the
user’s blood pressure fluctuation feature amount data onto
the feature amount space. In the example of FIG. 11, the
highest number of data points have been mapped onto the
area of group 3, and thus the user’s blood pressure fluctua-
tion feature amount is classified as “group 3”. The blood
pressure fluctuation feature amount classification (trend)
will be called a “fluctuation classification” hereinafter.
[0102] Next, the indicator extraction unit 50 accepts attri-
bute information (age, sex, presence/absence of illness, and
the like) of the user (step 1708). For example, the user may
be allowed to enter the attribute information him/herself
using the input unit 24.

[0103] Through the processing described above, two indi-
cators are obtained, namely a fluctuation cause of “standing”
and a fluctuation classification of “group 37, for the user’s
blood pressure fluctuation. These indicators can be said to
express the user’s blood pressure fluctuation type. The
attribute information is also obtained as information per-
taining to the user’s event occurrence risk.

[0104] Next, the processing unit 51 refers to the risk
database, and obtains information of a risk corresponding to
the user’s blood pressure fluctuation type (step 1709).
Although the risk database is stored in the storage unit 27 in
this Example, the risk database may be present in storage, a
server, or the like external to the biological information
analyzing device 1 (e.g., a cloud server, online storage, or
the like).

[0105] FIG. 12 illustrates an example of the risk database.
Data of attribute information such as age and sex, blood
pressure fluctuation types (fluctuation causes, fluctuation
classifications), and risk information (pre-existing condi-
tions and the like), obtained from multiple subjects, is
registered in the risk database in advance. For example, it
can be seen from registered data having an [D of 1003 that
the subject is a 47-year-old woman, whose blood pressure
fluctuates easily in response to changes in “temperature”,
whose fluctuation classification is group 2, and who has
diabetes as a pre-existing condition.

[0106] 1In step 1709, the processing unit 51 searches the
risk database for the registered data closest to the user’s
attribute information and blood pressure fluctuation type
(fluctuation cause, fluctuation classification) obtained in
steps 1706 to 1708, and reads out the risk information in the
registered data that is found. In step 1710, the processing
unit 51 presents information such as the users blood pressure
fluctuation type, event occurrence risk, and so on on the
basis of the read-out risk information. FIG. 13 is an example
of an information display screen output to the output unit 25
(a display device) by the processing unit 51. In this example,
amessage such as “risk of hardened arteries” is output along
with information such as the SBP waveform (blood pressure
surge waveform) in the blood pressure fluctuation section,
the user’s attribute information and blood pressure fluctua-
tion type (fluctuation cause, fluctuation classification), and
the like.

[0107] According to the configuration described thus far,
the user’s blood pressure fluctuation type, risk, and so on are
determined on the basis of measurement data in a section
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where the blood pressure has fluctuated, and that informa-
tion is then output. Accordingly, the user can take appropri-
ate measures in light of his/her own characteristics, risk, and
so on, and can therefore prevent the occurrence of a serious
event. If the system is used by a doctor, a nurse, or the like,
that person can refer to the analysis information, such as the
user’s (patient’s) blood pressure fluctuation type and risk,
and then carry out treatment, guidance, and so on appropri-
ate for the user’s characteristics, risk, and so on.

[0108] Note that the configurations in the above-described
embodiment and Example are merely specific examples of
the present invention, and are not intended to limit the scope
of the present invention. The present invention can employ
a variety of specific configurations without departing from
the technical spirit thereof.

[0109] The technical spirit disclosed in the present speci-
fication can be specified as inventions such as those
described below.

[0110] Addendum 1

[0111] Abiological information analyzing device compris-
ing:

[0112] a hardware processor; and

[0113] memory storing a program,

[0114] wherein through the program, the hardware pro-
cessor:

[0115] obtains data of a blood pressure fluctuation section,

which is a section in which a blood pressure fluctuation has
occurred, from time series data of a blood pressure wave-
form measured continuously by a sensor, which is worn on
a user’s body and can non-invasively measure a blood
pressure waveform for each of heartbeats;

[0116] extracts an indicator expressing a blood pressure
fluctuation type of the user from the data of the blood
pressure fluctuation section; and

[0117] outputs the extracted indicator expressing the blood
pressure fluctuation type.

[0118] Addendum 2

[0119] A biological information analyzing system com-
prising:

[0120] a sensor, which is worn on a user’s body and can
non-invasively measure a blood pressure waveform for each
of heartbeats;

[0121] a hardware processor; and

[0122] memory storing a program,

[0123] wherein through the program, the hardware pro-
cessor:

[0124] obtains data of a blood pressure fluctuation section,

which is a section in which a blood pressure fluctuation has
occurred, from time series data of a blood pressure wave-
form measured continuously by the sensor;

[0125] extracts an indicator expressing a blood pressure
fluctuation type of the user from the data of the blood
pressure fluctuation section; and

[0126] outputs the extracted indicator expressing the
blood pressure fluctuation type.

[0127] Addendum 3

[0128] A biological information analyzing method com-
prising:

[0129] a step of at least one hardware processor obtaining

data of a blood pressure fluctuation section, which is a
section in which a blood pressure fluctuation has occurred,
from time series data of a blood pressure waveform mea-
sured continuously by a sensor, which is worn on a user’s
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body and can non-invasively measure a blood pressure
waveform for each of heartbeats;

[0130] astep of at least one hardware processor extracting
an indicator expressing a blood pressure fluctuation type of
the user from the data of the blood pressure fluctuation
section; and

[0131] astep of at least one hardware processor outputting
the extracted indicator expressing the blood pressure fluc-
tuation type.

INDEX TO THE REFERENCE NUMERALS

[0132] 1 ... biological information analyzing device
[0133] 2. .. measurement unit

[0134] 10 ... biological information analyzing system
[0135] 11 ... main unit

[0136] 12 ... belt

[0137] 20 ... blood pressure measurement unit
[0138] 21 ... body movement measurement unit
[0139] 22 ... environment measurement unit

[0140] 23 ... control unit

[0141] 24 ... input unit

[0142] 25 ... output unit

[0143] 26 ... communication unit

[0144] 27 ... storage unit

[0145] 30 ... pressure sensor

[0146] 31 ... compression mechanism

[0147] 300 . . . pressure detection element

[0148] 50 ... indicator extraction unit

[0149] 51 ... processing unit

1. A biological information analyzing device comprising:
an indicator extraction unit that obtains data of a blood
pressure fluctuation section, which is a section in which
a blood pressure fluctuation has occurred, from time
series data of a blood pressure waveform measured
continuously by a sensor, which is worn on a user’s
body and can non-invasively measure a blood pressure
waveform for each of heartbeats, and extracts an indi-
cator expressing a blood pressure fluctuation type of the
user from the data of the blood pressure fluctuation
section; and
a processing unit that outputs the indicator expressing the
blood pressure fluctuation type extracted by the indi-
cator extraction unit.
2. The biological information analyzing device according
to claim 1,
wherein the indicator extraction unit calculates time series
data of a systolic blood pressure for each heartbeat
from the time series data of the blood pressure wave-
form, and extracts, as the data of the blood pressure
fluctuation section, data of a period between two mini-
mum points on either side of a maximum point in the
time series data of the systolic blood pressure.
3. The biological information analyzing device according
to claim 1,
wherein the indicator extraction unit extracts a blood
pressure fluctuation feature amount from the data of the
blood pressure fluctuation section, and takes a trend in
the extracted blood pressure fluctuation feature amount
as one indicator expressing the blood pressure fluctua-
tion type.
4. The biological information analyzing device according
to claim 3,
wherein the indicator extraction unit classifies the user’s
blood pressure fluctuation feature amount by referring
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to a class database in which trends of the blood pressure
fluctuation feature amount are registered as a plurality
of different groups and determining whether the blood
pressure fluctuation feature amount extracted from the
data of the blood pressure fluctuation section conforms
to the trend of the blood pressure fluctuation feature
amount in any of the plurality of groups.

5. The biological information analyzing device according
to claim 4, further comprising:

a storage unit that stores the class database in advance.

6. The biological information analyzing device according
to claim 1,

wherein the indicator extraction unit estimates a cause of
the blood pressure fluctuation in the blood pressure
fluctuation section, and takes the estimated cause as
one indicator expressing the blood pressure fluctuation

type.

7. The biological information analyzing device according
to claim 6,

wherein the indicator extraction unit estimates the cause
of the blood pressure fluctuation in the blood pressure
fluctuation section on the basis of information pertain-
ing to a state of the user detected at a time correspond-
ing to the blood pressure fluctuation section by a
second sensor that detects the state of the user.

8. The biological information analyzing device according
to claim 1,

wherein the indicator extraction unit obtains risk infor-
mation corresponding to the user’s blood pressure
fluctuation type from a risk database in which the blood
pressure fluctuation type is associated with the risk
information; and

the processing unit outputs the risk information obtained
by the indicator extraction unit.

9. The biological information analyzing device according
to claim 8, further comprising:

a storage unit that stores the risk database in advance.

10. A biological information analyzing system compris-
ing:
a sensor, which is worn on a user’s body and can
non-invasively measure a blood pressure waveform for
each of heartbeats; and

the biological information analyzing device according to
claim 1, the biological information analyzing device
analyzing biological information using data of the
blood pressure waveform measured continuously by
the sensor.

11. A non-transitory computer-readable medium storing a
program causing a processor to function as the indicator
extraction unit and the processing unit of the biological
information analyzing device according to claim 1.

12. A biological information analyzing method compris-

ing:

a step of obtaining data of a blood pressure fluctuation
section, which is a section in which a blood pressure
fluctuation has occurred, from time series data of a
blood pressure waveform measured continuously by a
sensor, which is worn on a user’s body and can non-
invasively measure a blood pressure waveform for each
of heartbeats;
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a step of extracting an indicator expressing a blood
pressure fluctuation type of the user from the data of the
blood pressure fluctuation section; and

a step of outputting the extracted indicator expressing the
blood pressure fluctuation type.
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