EP 3 424 423 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 424 423 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
09.01.2019 Bulletin 2019/02

(21) Application number: 18181510.1

(22) Date of filing: 03.07.2018

(51) IntCL:

AG61B 5/145 (2006.01)
AG61B 5/00 (2006.01)

AG61B 5/1495 (2006.01)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILT LU LV MC MK MT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

Designated Validation States:
KH MA MD TN

(30) Priority: 04.07.2017 JP 2017131326
28.06.2018 JP 2018123619

(71) Applicant: ARKRAY, Inc.

Kyoto-shi, Kyoto 601-8045 (JP)

(72) Inventor: SHIMIZU, Takeshi

Kyoto-shi, Kyoto 602-0008 (JP)

(74) Representative: MacDougall, Alan John Shaw et al

Mathys & Squire LLP
The Shard

32 London Bridge Street
London SE1 9SG (GB)

(54) MEASURING APPARATUS, MEASURING PROGRAM AND MEASURING METHOD

(57) A measuring apparatus includes: a measuring
unit to measure a signal value corresponding to a con-
centration of a specified substance of a first sample; an
acquiring unit to acquire a reference value pertaining to
the specified substance of a second sample; a calculating
unit to calculate a concentration value of the specified
substance of the first sample, based on the signal value
and the reference value; a timing determination unit to

FIG. 1

10

determine timing for calibrating the reference value when
satisfying at least one of a first condition that an activity
status of a user is a predetermined status and a second
condition that a variation in the concentration value of
the specified substance of the first sample is equal to or
smaller than a threshold value; and an input request unit
to request the user to input the reference value at the
determined timing.
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Description
FIELD

[0001] An embodiment pertains to a measuring appa-
ratus, a measuring program and a measuring method.

BACKGROUND

[0002] A variety of blood glucose level measuring ap-
paratuses for measuring a self blood glucose level (a
glucose concentration value in blood) are currently put
on sale in the market. Known as the blood glucose level
measuring apparatus are, e.g., a Self-Monitoring of Blood
Glucose (SMBG) apparatus for self-monitoring (measur-
ing) of the blood glucose and a Continuous Glucose Mon-
itoring (CGM) apparatus for continuous glucose monitor-
ing (measuring). The SMBG apparatus measures the
blood glucose level in away that attaches blood extracted
from afinger tip by using a needling tool onto a test piece
fitted to measurement equipment. The CGM apparatus
continuously measures a glucose concentration in inter-
stitial fluid by subcutaneously indwelling a micro sensor
including electrodes and enzyme reacting to the glucose.
The CGM apparatus consecutively measures the blood
glucose level at an interval of several tens of seconds
through several minutes by subcutaneously indwelling
the sensor over a period as long as several days through
several weeks.

[0003] There exists a divergence between the blood
glucose level and the glucose concentration value in the
interstitial fluid. Therefore, the CGM apparatus corrects
the glucose concentration value in the interstitial fluid with
reference to the inputted blood glucose level, and gets
the glucose concentration value in the interstitial fluid ap-
proximate to the blood glucose level. The CGM appara-
tus calibrates the CGM by inputting the blood glucose
level at an interval of fixed period. A calibration cycle of
the CGM depends on performance of a sensor of the
CGM apparatus, and is exemplified by four times/day,
twice/day and once/day. For example, when the calibra-
tion cycle of the CGM is twice/day, a request for inputting
the blood glucose level is automatically made after 11-12
hours since the blood glucose level has been inputted
last time. Known is a blood glucose level monitoring ap-
paratus that automatically calibrates an estimation blood
glucose level, which is estimated non-invasively, by using
an invasively-measured reference blood glucose level
(e.g., Patent document 1).

[0004] [Patent document 1] Japanese Laid-open Pat-
ent Publication No. 2011-62335

SUMMARY

[0005] The calibration of the CGM involves using the
blood glucose level measured by the SMBG apparatus,
and a time lag, however, exists between the blood glu-
cose level and the glucose concentration value in the
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interstitial fluid, which is defined as a CGM measuring
target value. In other words, afixed period of time is taken
till the glucose concentration value in the interstitial fluid
follows up the blood glucose level. Hence, the CGM cal-
ibration being made when there is a large variation in
blood glucose level adversely affects accuracy of a
measurement value of the CGM apparatus due to influ-
ence of the time lag.

[0006] However, in a conventional technology, the re-
quest forinputting the blood glucose level is automatically
made after 11-12 hours since the blood glucose level has
been inputted last time without taking account of whether
the variationinblood glucose levelis large whenthe CGM
calibration cycle is, e.g., twice/day. Further, in the con-
ventional technology, the request for inputting the blood
glucose level is automatically made after 11-12 hours
since the blood glucose level has been inputted last time
without taking account of an activity status of the user
(e.g., a status of the user being kept in sleep) when the
CGM calibration cycle is, e.g., twice/day. When the re-
quest forinputting the blood glucose level is automatically
made in the status of the user being kept in sleep, such
a problem arises as to give a burden to the user. The
present invention is devised in view of such actual cir-
cumstances, and aims at improving accuracy of a meas-
urement value of a concentration of a specified sub-
stance in a sample, and relieving the burden on the user
in the measurement of the concentration of the specified
substance in the sample.

[0007] According to an aspect of the embodiment, a
measuring apparatus includes: a status determining unit
configured to determine an activity status of a user from
a signal outputted by at least one activity sensor config-
ured to detect an activity factor of the user; a measuring
unit configured to measure a signal value corresponding
to a concentration of a specified substance contained in
a first sample; an acquiring unit configured to acquire a
reference value pertaining to the specified substance
contained in a second sample; a calculating unit config-
ured to calculate a concentration value of the specified
substance contained in the first sample, based on the
signal value and the reference value; a timing determi-
nation unit configured to determine timing for calibrating
the reference value when satisfying at least one of a first
condition that the activity status of the user is a prede-
termined status and a second condition that a variation
inthe concentration value of the specified substance con-
tained in the first sample is equal to or smaller than a
threshold value; and an input request unit configured to
request the user to input the reference value at the de-
termined timing.

[0008] According to an embodiment, the timing for cal-
ibrating the reference value is determined when satisfy-
ing at least one of the first condition that the activity status
of the user is the predetermined status and the second
condition that the variation in the concentration value of
the specified substance contained in the first sample is
equal to or smaller than the threshold value. The user is
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requested to input the reference value at the determined
timing, and hence the burden and a sense of discomfort
of the user are relieved. According to the embodiment,
when the variation in the concentration value of the spec-
ified substance contained in the first sample is equal to
or smaller than the threshold value, the timing for cali-
brating the reference value is determined. Improved
therefore are the accuracy of the reference value per-
taining to the specified substance contained in the sec-
ond sample and the accuracy of the concentration value
of the specified substance contained in the first sample.
This results in restraining the divergence between the
concentration value of the specified substance contained
in the first sample and the concentration value of the
specified substance contained in the second sample.
[0009] The measuring apparatus further includes: a
calibrating unit to calibrate the reference value, wherein
the timing determination unit determines the timing when
satisfying a condition that elapse time since calibrating
the reference value is equal to or longer than predeter-
mined time and at least one of the first condition and the
second condition. In the measuring apparatus, the at
least one activity sensor includes a motion sensor con-
figured to detect a motion quantity of the user, and the
status determining unit determines the activity status of
the user, based on the motion quantity of the user. In the
measuring apparatus, the at least one activity sensor in-
cludes an attitude sensor configured to detect an attitude
of the user, and the status determining unit determines
the activity status of the user, based on the attitude of
the user.

[0010] In the measuring apparatus, the at least one
activity sensor includes a temperature sensor configured
to detect a body temperature of the user, and the status
determining unit determines the activity status of the us-
er, based on the body temperature of the user. In the
measuring apparatus, the at least one activity sensor in-
cludes a pulse sensor configured to measure a pulse rate
of the user, a heartbeat sensor configured to measure a
heart rate of the user, or a pulse wave sensor configured
to measure a pulse wave of the user, and the status de-
termining unit determines the activity status of the user,
based on the pulse rate of the user, the heart rate of the
user, or the pulse wave of the user. In the measuring
apparatus, the at least one activity sensor includes a
blood pressure sensor configured to measure a blood
pressure value of the user, and the status determining
unit determines the activity status of the user, based on
the blood pressure value of the user. In the measuring
apparatus, the first sample is interstitial fluid, the second
sample is blood, and the specified substance is glucose.
[0011] The aspect described above may be attained
in a way that causes a program to be run by a computer.
To be specific, the aspect described above may be spec-
ified as a program to be run by the computer, or as a
computer readable recording medium on which the pro-
gram is recorded. The aspect described above may also
be specified as a method executed by the computer. The
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aspect described above may further be specified as a
system including the measuring apparatus.

[0012] According to the embodiment, it is feasible to
improve the accuracy of the measurement value of the
concentration of the specified substance in the sample,
and torelieve the burden on the user in the measurement
of the concentration of the specified substance in the
sample.

BRIEF DESCRIPTION OF DRAWINGS
[0013]

FIG. 1is a diagram of a configuration of a measuring
system according to an embodiment;

FIG.2is ablockdiagram of a configuration of a trans-
mitting apparatus according to the embodiment;
FIG. 3 is a block diagram of a configuration of a re-
ceiving apparatus according to the embodiment;
FIG. 4 is a schematic diagram illustrating a configu-
ration of a detection apparatus according to the em-
bodiment;

FIG. 5 is a flowchart illustrating one example of a
calibration request process of a glucose reference
value; and

FIG. 6 is a graphic chart illustrating one example of
timing for calibrating the glucose reference value.

DESCRIPTION OF EMBODIMENT

[0014] An embodiment will hereinafter be described
with reference to the drawings. The following embodi-
ment is an exemplification, and the present invention is
not limited to a configuration of the embodiment given
below.

[0015] FIG. 1isadiagram of a configuration of a meas-
uring system according to the embodiment. The meas-
uring system illustrated in FIG. 1 includes a transmitting
apparatus 1, a receiving apparatus 2 and a detection
apparatus 3. The transmitting apparatus 1 consecutively
measures a concentration of a specified substance
(measurement target substance) in a first sample in vivo,
and transmits a measurement result to the receiving ap-
paratus 2. The transmitting apparatus 1 may be used by
being attached to regions instanced by an abdominal re-
gion and a shoulder of a user (patient). The transmitting
apparatus 1 may also be a Continuous Glucose Monitor-
ing (CGM) apparatus for performing continuous glucose
monitoring (measurement). A body fluid instanced by an
interstitial fluid is given as the first sample in vivo. The
specified substance is exemplified by glucose contained
in the interstitial fluid. The specified substance may also
be a substance other than glucose.

[0016] The receiving apparatus 2 receives a measure-
ment result from the transmitting apparatus 1. The re-
ceiving apparatus 2 performs wireless data communica-
tions with the transmitting apparatus 1, and also performs
the wireless data communications with the detection ap-
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paratus 3. The receiving apparatus 2 may perform wired
data communications with the transmitting apparatus 1,
and may also perform the wired data communications
with the detection apparatus 3. The transmitting appara-
tus 1 and the receiving apparatus 2 are configured as
separate equipments in the embodiment, and may also
be configured integrally.

[0017] The detection apparatus 3 is an apparatus to
measure a concentration of the specified substance in a
second sample extracted in vitro. A body fluid instanced
by blood is given as the second sample extracted in vitro.
The detection apparatus 3 may also be a Self-Monitoring
of Blood Glucose (SMBG) apparatus for conducting self-
monitoring of blood glucose. The detection apparatus 3
measures a current value corresponding to a glucose
concentration in the blood. The detection apparatus 3
converts the current value into a glucose concentration
value inthe blood with reference to calibration curve data,
thereby measuring the glucose concentration value in
the blood. The current value and the glucose concentra-
tion value in the blood, which are measured by the de-
tection apparatus 3, are transmitted and inputted to the
receiving apparatus 2. The detection apparatus 3 may
also display the glucose concentration value in the blood
on a display provided on the detection apparatus 3. The
user may input the glucose concentration value in the
blood, which is displayed on the display of the detection
apparatus 3, to the receiving apparatus 2.

transmitting Apparatus>

[0018] The transmitting apparatus 1 includes a meas-
urement sensor 10 is used by being implanted into a sub-
cutaneous region of the user. The transmitting apparatus
1 is pasted to a skin of the user by an adhesive tape and
other equivalent materials, or is attached to a belt and
other equivalent articles, thereby being fitted to the user.
The measurement sensor 10 is an electrochemical sen-
sor that measures a specified component (e.g., a con-
centration of the specified substance) in the first sample
by utilizing electrochemical reaction. The measurement
sensor 10 is indwelled subcutaneously over a consecu-
tive measurement period as long as, e.g., several days
through several weeks, and the transmitting apparatus
1 consecutively measures the glucose concentration in
the interstitial fluid. "Being consecutive" connotes that
the transmitting apparatus 1 continuously measures the
glucose concentration in a state of the measurement sen-
sor 10 being subcutaneously indwelled, and encompass-
es such a mode that the transmitting apparatus 1 meas-
ures the glucose concentration at an interval of prede-
termined time. A measurement frequency of the glucose
concentration may be arbitrarily set with respect to the
transmitting apparatus 1. For example, the measurement
frequency of the glucose concentration may also be set
with respect to the transmitting apparatus 1 so that the
transmitting apparatus 1 measures the glucose concen-
tration at a frequency of once every several ten seconds
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through several minutes.

[0019] FIG. 2 is a block diagram of a configuration of
the transmitting apparatus 1 according to the embodi-
ment. The transmitting apparatus 1 is a transmitter that
transmits various items of data to the receiving apparatus
2. The transmitting apparatus 1 includes a sensor unit
11, a measurement unit 12, a control unit (arithmetic unit)
13, a storage unit 14, a transmitting unit 15, an antenna
16, and a detection unit 17. The sensor unit 11 has glu-
cose oxidoreductase instanced by glucose oxidase
(GOD) and glucose dehydrogenase (GDH), and a plu-
rality of electrodes, i.e., a working electrode, a counter
electrode, a reference electrode and other equivalent
electrodes. The sensor unit 11 is provided on the side of
a tip of the measurement sensor 10 illustrated in FIG. 1.
The sensor unit 11 is electrically connected to the meas-
urement unit 12 via a wire 18.

[0020] The measurementunit12is acircuitto measure
asignal value (e.g., aresponse currentvalue) by applying
a voltage to the sensor unit 11. When the voltage is ap-
plied to between the electrodes (between the working
electrode and the counter electrode, or between the
working electrode and the reference electrode) of the
sensor unit 11, the sensor unit 11 outputs a response
currentvalue corresponding to the glucose concentration
in the body fluid. The measurement unit 12 measures
the response current value outputted from the sensor
unit 11 in a way that controls the voltage to be applied to
between the electrodes of the sensor unit 11. When the
voltage is applied to between the electrodes of the sensor
unit 11, the glucose in the body fluid is oxidized by the
oxidoreductase, and electrons being thereby extracted
are supplied to the working electrode. The measurement
unit 12 measures, as the response current value, a quan-
tity of electric charges of the electrons supplied to the
working electrode. The measurement unit 12 may con-
vert the response current value into a response voltage
value, and may measure, as the response voltage value,
the quantity of electric charges of the electrons supplied
to the working electrode. The following discussion will
deal with a case that the measurement unit 12 measures
the response current value. The response current value
measured by the measurement unit 12 is sent to the con-
trol unit 13.

[0021] The control unit 13 controls the measurement
unit 12, the storage unit 14, the transmitting unit 15, and
the detection unit 17. The control unit 13, the storage unit
14 and the transmitting unit 15 may be attained by: com-
puters each including a Central Processing Unit (CPU),
aRandom Access Memory (RAM), a Read Only Memory
(ROM) and other equivalent hardware components that
are provided in the transmitting apparatus 1; respective
apparatuses; and programs and other equivalent soft-
ware components running on the computer. The CPU is
also called a processor. It does not mean that the CPU
is limited to the single processor, and the CPU may, how-
ever, take a multi-processor configuration.

[0022] The control unit 13 stores the response current
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value in the storage unit 14, and sends the response
current value to the transmitting unit 15. The transmitting
unit 15 transmits the response current value to the re-
ceiving apparatus 2 via the antenna 16. The transmitting
unit 15 may send the response current value transmitted
from the control unit 13 to the receiving apparatus 2, and
may also send the response current value stored in the
storage unit 14 to the receiving apparatus 2.

[0023] The detection unit 17 detects an activity factor
of the user attached with the transmitting apparatus 1,
and outputs a signal corresponding to the activity factor
of the user. The detection unit 17 has at least one of a
motion sensor, an attitude sensor and a vital sensor. The
motion sensor is an activity sensor to detect a quantity
of motion of the user attached with the transmitting ap-
paratus 1, and, e.g., an acceleration sensor is given as
the motion sensor. The attitude sensor is an activity sen-
sor to detect an attitude of the user attached with the
transmitting apparatus 1, and, e.g., a gyro sensor is given
as the attitude sensor. The vital sensor is an activity sen-
sor to measure vital data of the user attached with the
transmitting apparatus 1, and, e.g., each ofa temperature
sensor, a pulse sensor, a heartbeat sensor, a pulse wave
sensor and a blood pressure sensor is given as the vital
sensor. The temperature sensor measures a body tem-
perature of the user attached with the transmitting appa-
ratus 1. The pulse sensor measures a pulse rate of the
user attached with the transmitting apparatus 1. The
heartbeat sensor measures a heart rate (heartbeat rate)
of the user attached with the transmitting apparatus 1.
The pulse wave sensor measures pulse waves of the
user attached with the transmitting apparatus 1. The
blood pressure sensor measures a blood pressure level
of the user attached with the transmitting apparatus 1.
[0024] The user’s activity factor detected by the detec-
tionunit17 is sent as activity factor data to the transmitting
unit 15. The transmitting unit 15 transmits the activity
factor data to the receiving apparatus 2 via the antenna
16. The activity factor data includes at least one of motion
quantity data (acceleration data), attitude data (angular
velocity data and angular acceleration data), body tem-
perature data, pulse rate data, heart rate data, pulse
wave data and blood pressure level data. The activity
factor data is one example of "signal".

<Receiving Apparatus>

[0025] FIG. 3is a block diagram illustrating a configu-
ration of the receiving apparatus 2 according to the em-
bodiment. The receiving apparatus 2 receives the various
items of data from the transmitting apparatus 1, and dis-
plays the received data. The receiving apparatus 2 in-
cludes a control unit (arithmetic unit) 21, a storage unit
22, areceiving unit 23, an antenna 24, a display unit 25,
and an operation unit 26. The control unit 21 controls the
storage unit 22, the receiving unit 23, and the display unit
25. The control unit 21, the storage unit 22, and the re-
ceiving unit 23 may be attained by: computers each in-
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cluding the CPU, the RAM, the ROM and other equivalent
hardware components that are provided in the receiving
apparatus 2; respective apparatuses; and programs and
other equivalent software components running on the
computer.

[0026] The display unit 25 has a display and displays
various types of information and messages on this dis-
play. The display unit 25 displays a measurement result
and an error on the display, and also displays operation
procedures, operation statuses and other equivalent
items when setting is done. The display of the display
unit 25 is exemplified by a liquid crystal display apparatus,
a plasma display panel, a Cathode Ray Tube (CRT) dis-
play, or an Electroluminescence (EL) panel. The display
unit 25 may have a voice output unit to output voices and
sounds. The operation unit 26 includes a variety of op-
eration buttons, a touch panel and other equivalent com-
ponents, and accepts the various types of information
from the user.

[0027] Thereceivingunit23receives the response cur-
rent value and the activity factor data from the transmit-
ting apparatus 1 via the antenna 24, and sends the re-
ceived response current value and the activity factor data
to the control unit 21. The control unit 21 stores the re-
ceived response current value and the activity factor data
in the storage unit 22. The control unit 21 converts the
response current value into the glucose concentration
value with reference to calibration curve data stored in
the storage unit 22. The calibration curve data indicating
acorrespondence relation between the response current
value and the glucose concentration in the interstitial fluid
is pre-stored in the storage unit 22. The calibration curve
data is pre-stored as, e.g., a mathematical expression
and a correspondence table in the storage unit 22. The
control unit 21 is one example of a "measuring unit".
[0028] The control unit21 determines an activity status
of the user from the activity factor data. The control unit
21 is one example of a "status determining unit". The
control unit 21 calculates an activity quantity of the user
from the motion quantity data. For example, the control
unit 21 may calculate a number of steps per unit time
from the motion quantity data, and may calculate the
number of steps per unit time as the user’s activity quan-
tity. The user's motion quantity tends to be large when
the user is kept in motion, and tends to be small when
the user is kept in rest. The control unit 21 may calculate
the user’s activity quantity from the motion quantity data
and the attitude data. The control unit 21 determines,
when the user’s activity quantity falls within a range of
predetermined quantity, that an activity status of the user
is defined as a first status. A status of the user not being
kept in motion (non-motion status) is given as one exam-
ple of the first status.

[0029] The control unit 21 calculates a user’s attitude
from the attitude data. The control unit 21 may calculate
the user’s attitude from the motion quantity data and the
attitude data. The control unit 21 determines, when the
user’s attitude is a predetermined attitude, that the activ-
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ity status of the user is defined as a second status. For
example, a status of the user standing and a status of
the user sitting are each given as one example of the
second status. The control unit 21 may digitize the user’'s
attitude, and may calculate a digitized value as the user’s
activity quantity. For instance, the control unit 21 may
calculate the status of the user standing and the status
of the user sitting as "0", and may calculate a status of
theuserlyingas"1". The control unit21 determines, when
the user’s activity quantity falls within the range of pre-
determined quantity, that the user’s activity is defined as
the second status.

[0030] The control unit 21 calculates a body tempera-
ture (temperature value) of the user from the body tem-
perature data. The control unit 21 determines, when the
body temperature of the user falls within a range of pre-
determined temperature, that the user’s activity status is
defined as a third status. The body temperature of the
user tends to ascend when the user is kept in motion and
in meal, and tends to descend when the user is kept in
sleep. For example, a status of the user being kept in
non-motion, a status of the user not being kept in meal
(non-meal status) and a status of the user not being kept
in sleep (non-sleep status) are each given as one exam-
ple of the third status. The control unit 21 may determine,
based on a user’s average body temperature as a refer-
ence, whether the user’s body temperature falls within a
range of predetermined temperature. The control unit 21
may also calculate the user’s body temperature as the
user’s activity quantity. The control unit 21 determines,
when the user’s activity quantity falls within a range of
predetermined quantity, that the user’s activity status is
defined as the third status.

[0031] The control unit 21 calculates the user’s pulse
rate from the pulse rate data. The control unit 21 deter-
mines, when the user’s pulse rate falls within a range of
predetermined pulse rate, that the user’s activity status
is defined as the third status. The user’s pulse rate tends
to ascend when the user is kept in motion and in meal,
and tends to descend when the user is keptin sleep. The
control unit 21 may determine, based on the user’s av-
erage pulse rate as a reference, whether the user’s pulse
rate falls within a range of predetermined pulse rate. The
control unit 21 may also calculate the user’s pulse rate
as the user’s activity quantity. The control unit 21 deter-
mines, when the user’s activity quantity falls within a
range of predetermined quantity, that the user’s activity
status is defined as the third status.

[0032] The control unit 21 calculates the user’s heart
rate from the heart rate data. The control unit 21 deter-
mines, when the user’s heart rate falls within a range of
predetermined heart rate, that the user’s activity status
is defined as the third status. The user’s heart rate tends
to ascend when the user is kept in motion and in meal,
and tends to descend when the user is keptin sleep. The
control unit 21 may determine, based on the user’s av-
erage heart rate as a reference, whether the user’s heart
rate falls within a range of predetermined heart rate. The
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control unit 21 may also calculate the user’s heart rate
as the user’s activity quantity. The control unit 21 deter-
mines, when the user’s activity quantity falls within the
range of predetermined quantity, that the user’s activity
status is defined as the third status.

[0033] The control unit 21 calculates a waveform of the
user’s pulse wave from the pulse wave data. The control
unit 21 may compare the waveform of the user’s pulse
wave with a waveform of a predetermined pulse wave
that is pre-stored in the storage unit 22, and may deter-
mine whether the user’s activity status is defined as the
third status. The waveform of the predetermined pulse
wave may also be stored in the storage unit 22. The con-
trol unit 21 may calculate the user’s pulse rate by making
a frequency analysis about the waveform of the user’s
pulse wave.

[0034] The control unit 21 calculates a user’s blood
pressure level from the blood pressure level data. The
control unit 21 determines, when the user’s blood pres-
sure level falls within a range of predetermined level, that
the user’s activity status is defined as the third status.
The user’s blood pressure level tends to ascend when
the user is kept in motion and in meal, and tends to de-
scend when the user is kept in sleep. The control unit 21
may determine, based on an average blood pressure lev-
el of the user as a reference, whether the user’s blood
pressure level falls within the range of predetermined lev-
el. The control unit 21 may also calculate the user’s blood
pressure level as the user’s activity quantity. The control
unit 21 determines, when the user’s activity quantity falls
within the range of predetermined quantity, that the user’s
activity status is defined as the third status.

[0035] Thereceivingunit23receives areference value
pertaining to the glucose in the blood (which will herein-
after be referred to as a glucose reference value) from
the detection apparatus 3 via the antenna 24, and sends
the received glucose reference value to the control unit
21. The control unit 21 acquires the glucose reference
value and stores the glucose reference value in the stor-
age unit 22. The control unit 21 is one example of an
"acquiring unit". The control unit 21 corrects the glucose
concentration value in the interstitial fluid by using the
glucose reference value. The glucose concentration val-
ue in the blood is not coincident with the glucose con-
centration value in the interstitial fluid. Therefore, the con-
trol unit 21 corrects the glucose concentration value in
the interstitial fluid by use of the glucose reference value,
thereby executing a process of making the glucose con-
centration value in the interstitial fluid approximate to the
glucose concentration value in the blood.

[0036] The glucose reference valueis, e.g., the current
value measured by the detection apparatus 3, or the glu-
cose concentration value in the blood, which is measured
by the detection apparatus 3. The control unit 21 may
calculate the glucose concentration value in the intersti-
tial fluid on the basis of the response current value, and
may correct the glucose concentration value in the inter-
stitial fluid with reference to the in-blood glucose concen-
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tration value (the glucose concentration value in the
blood) measured by the detection apparatus 3. The glu-
cose concentration value in the interstitial fluid, which is
corrected with reference to the in-blood glucose concen-
tration value measured by the detection apparatus 3, will
hereinafter be termed a post-correction glucose concen-
tration value. The control unit 21 may correct the re-
sponse current value with reference to the current value
measured by the detection apparatus 3, and may calcu-
late the glucose concentration value in the interstitial fluid
on the basis of the post-correction response current val-
ue. The glucose concentration value in the interstitial flu-
id, which is calculated based on the post-correction re-
sponse current value, will hereinafter be termed the post-
correction glucose concentration value. The control unit
21 is one example of a "calculating unit".

[0037] The control unit 21 determines timing for cali-
brating the glucose reference value on the basis of the
user’s activity status and a variation in the glucose con-
centration value in the interstitial fluid. The control unit
21 determines the timing for calibrating the glucose ref-
erence value when the user’s activity status is the pre-
determined status and when the variation in the glucose
concentration value in the interstitial fluid is equal to or
smaller than a threshold value. The control unit 21 may
determine the timing for calibrating the glucose reference
value when satisfying at least one of a first condition that
the user’s activity status is the predetermined status and
a second condition that the variation in the glucose con-
centration value in the interstitial fluid is equal to or small-
er than the threshold value. The predetermined status
encompasses the first through third statuses. The control
unit 21 may determine that the variation in the glucose
concentration value in the interstitial fluid is equal to or
smaller than the threshold value when each of the glu-
cose concentration values in the interstitial fluid, which
are measured a plural number of times, falls within the
range of predetermined concentration value. The control
unit 21 may also determine the timing for calibrating the
glucose reference value, based on any one of the user’s
activity status and the variation in the glucose concen-
tration value in the interstitial fluid. The control unit 21 is
one example of a "timing determination unit".

[0038] Forexample, when the useris keptinthe motion
status, in the meal status and in the sleep status, request-
ing the user to calibrate the glucose reference value gives
a burden and a sense of discomfort to the user. For in-
stance, when the user is kept in the non-motion status,
in the non-meal status and in the non-sleep status, re-
questing the userto calibrate the glucose reference value
relieves the burden and the sense of discomfort to the
user.

[0039] The control unit 21 displays, based on the de-
termined timing, a message requesting the calibration of
the glucose reference value on the display unit 25. The
display unit 25, when including a voice output unit, may
output a voice requesting the calibration of the glucose
reference value. The user measures the glucose con-
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centration in the blood by use of the detection apparatus
3. The current value or the in-blood glucose concentra-
tion value measured by the detection apparatus 3 is sent
and inputted to the receiving apparatus 2. The user may
also input the glucose concentration value in the blood
to the receiving apparatus 2 by operating the operation
unit 26 of the receiving apparatus 2. The control unit 21
receives the in-blood glucose concentration value input-
ted to the receiving apparatus 2. The control unit 21 is
one example of an "input request unit".

[0040] The control unit 21 updates the glucose refer-
ence value stored in the storage unit 22 on the basis of
the current value or the in-blood glucose concentration
value inputted to the receiving apparatus 2, thereby cal-
ibrating the glucose reference value. The control unit 21
is one example of a "calibrating unit".

[0041] There exists a time lag between the glucose
concentration value in the blood and the glucose con-
centration value in the interstitial fluid. In other words, a
fixed period of time is taken till the glucose concentration
value in the interstitial fluid follows up the glucose con-
centration value in the blood. For example, even when
there is a large variation in glucose concentration value
in the interstitial fluid, a variation in the glucose concen-
tration value in the blood is small as the case may be.
Such a possibility exists that the post-correction glucose
concentration value diverges largely from the glucose
concentration value in the blood upon calibrating the glu-
cose reference value when there is a large variation in
the glucose concentration value in the interstitial fluid.
The control unit 21 determines the timing for calibrating
the glucose reference value on the basis of the variation
in the glucose concentration value in the interstitial fluid,
thereby restraining the divergence between the post-cor-
rection glucose concentration value and the glucose con-
centration value in the blood.

[0042] Itis preferable that the glucose reference value
is calibrated once or several times a day when taking into
consideration the divergence between the glucose con-
centration value in the blood and the glucose concentra-
tion value in the interstitial fluid. The control unit 21 may
determine the timing for calibrating the glucose reference
value on the basis of the user’s activity quantity and the
variation in the glucose concentration value in the inter-
stitial fluid when elapse time since calibrating the glucose
reference value is equal to or longer than a predeter-
mined period of time. Given as one example of the pre-
determined period of time are 24 hours, 12 hours, 8 hours
and 6 hours. The user is requested to calibrate the glu-
cose reference value after an elapse of the fixed period
of time since calibrating the glucose reference value,
thereby improving accuracy of the glucose reference val-
ue and relieving the burden and the sense of discomfort
of the user. The improvement of the accuracy of the glu-
cose reference value leads to an improvement of accu-
racy of the glucose concentration value and to a restraint
on the divergence between the post-correction glucose
concentration value and the glucose concentration value
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in the blood.
<Detection Apparatus>

[0043] FIG. 4 is a schematic view illustrating a config-
uration of the detection apparatus 3 according to the em-
bodiment. The detection apparatus 3 measures the glu-
cose concentration in the blood by an electrochemical
method using the biosensor 30. The detection apparatus
3 includes a housing 31, a plurality of operation buttons
32, a display panel 33 and a sensor insertion port 34.
The detection apparatus 3 further includes, though not
illustrated, a circuit board mounted with electronic com-
ponents, i.e., a circuit, a CPU, a RAM, a ROM and other
components that are required for predetermined opera-
tions (instanced by applying the voltage or performing
communications with the outside) of the detection appa-
ratus 3.

[0044] AsdepictedinFIG.4,the housing 31 is provided
with the operation buttons 32 and a display panel 33. The
operation buttons 32 are employed for making various
settings (setting of measurement conditions, inputting of
user’s ID and other equivalent settings), and for conduct-
ing operations to start and finish the measurement. The
operation buttons 32 may also be a contact type touch
panel. The display panel 33 displays the measurement
result and the error, and further displays the operation
procedures, the operation statuses and other equivalent
items when setting is done. The display panel 33 is ex-
emplified by the liquid crystal display apparatus, the plas-
ma display panel, the CRT display, or the Electrolumi-
nescence panel. The operation buttons 32 may be inte-
gral with the display panel 33.

[0045] The biosensor 30 includes a substrate, a plu-
rality of electrodes, i.e., the working electrode, the coun-
ter electrode and the reference electrode each provided
on the substrate, and the glucose oxidoreductase. A cap-
illary is formed inside of the biosensor 30. The capillary
of the biosensor 30 is provided with a reagent layer, and
retains the blood. The biosensor 30 is inserted into the
sensor insertion port 34. The detection apparatus 3 ap-
plies a voltage to between the electrodes of the biosensor
30, and thus measures a signal value (e.g., the current
value). When the voltage is applied to between the elec-
trodes of the biosensor 30, the biosensor 30 outputs the
response current value corresponding to the glucose
concentration in the blood.

[0046] The detection apparatus 3 measures the re-
sponse current value outputted from the biosensor 30 in
a way that controls the voltage applied to between the
electrodes of the biosensor 30. When the voltage is ap-
plied to between the electrodes of the biosensor 30, the
glucose in the blood is oxidized by the glucose oxidore-
ductase, and the electrons being thereby extracted are
supplied to the working electrode. The detection appa-
ratus 3 measures, as the current value, the quantity of
electric charges of the electrons supplied to the working
electrode. The detection apparatus 3 may convert the
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current value into the voltage value, and may measure,
as the voltage value, the quantity of electric charges of
the electrons supplied to the working electrode. The em-
bodiment will discuss a case that the detection apparatus
3 measures the current value.

[0047] FIG. 5is a flowchart illustrating one example of
a calibration request process of the glucose reference
value. Initial setting of the glucose reference value is
made, which triggers a start of the flow illustrated in FIG.
5. The current value or the in-blood glucose concentra-
tion value measured by the detection apparatus 3 is in-
putted to the receiving apparatus 2, thereby making the
initial setting of the glucose reference value. In step S01,
the control unit 21 determines whether elapse time since
making the initial setting of the glucose reference value
is equal to or longer than first predetermined time. When
the elapse time since making the initial setting of the glu-
cose reference value is equal to or longer than the first
predetermined time, the processing proceeds to step
S02. Whereas when the elapse time since making the
initial setting of the glucose reference value is shorter
than the first predetermined time, the control unit 21
stands by till the elapse time becomes equal to or longer
than the first predetermined time.

[0048] In step S02, the control unit 21 determines
whether the user’s activity status is the predetermined
status. When the user’s activity status is the predeter-
mined status, the processing proceeds to step S03.
Whereas when the user’s activity status is not the pre-
determined status, the control unit 21 stands by till the
predetermined time (e.g., 30 min) elapses, and the proc-
ess in step S02 is again executed.

[0049] In step S03, the control unit 21 determines
whether the variation in the glucose concentration value
inthe interstitial fluid is equal to or smaller than the thresh-
old value. When the variation in the glucose concentra-
tion value in the interstitial fluid is equal to or smaller than
the threshold value, the processing proceeds to step S04.
Whereas when the variation in the glucose concentration
value in the interstitial fluid is larger than the threshold
value, the control unit 21 stands by till the predetermined
time (e.g., 30 min) elapses, and the processing proceeds
to step S02.

[0050] In step S04, the control unit 21 determines the
timing for calibrating the glucose reference value. In step
S05, the control unit 21 displays, based on the deter-
mined timing, a message requesting the calibration of
the glucose reference value on the display unit 25. The
display unit 25, when including the voice output unit, may
output a voice requesting the calibration of the glucose
reference value.

[0051] In step S06, the control unit 21 determines
whether elapse time since calibrating the glucose refer-
ence value is equal to or longer than second predeter-
mined time. When the elapse time since calibrating the
glucose reference value is equal to or longer than the
second predetermined time, the processing proceeds to
step S02. Whereas when the elapse time since calibrat-



15 EP 3 424 423 A1 16

ing the glucose reference value is shorter than the second
predetermined time, the control unit 21 stands by till the
elapse time becomes equal to or longer than the second
predetermined time. The second predetermined time
may take the same value as the first predetermined time,
and the first predetermined time and the second prede-
termined time may also take different values.

[0052] Inthe calibration request process of the glucose
reference value illustrated in FIG. 5, when elapse time
since making the initial setting of the glucose reference
value is equal to or longer than the first predetermined
time (step SO01: YES), the processing may proceed to
step S03. Further in the calibration request process of
the glucose reference value illustrated in FIG. 5, when
the user’s activity status is the predetermined status (step
S02: YES), the processing may proceed to step S04. Still
further in the calibration request process of the glucose
reference value illustrated in FIG. 5, when step S02 and
step S03 may be replaced with each other. In other
words, the control unit 21 may determine whether the
user’s activity status is the predetermined status, after
determining whether the variation in the glucose concen-
tration value in the interstitial fluid is equal to or smaller
than the threshold value.

[0053] FIG.6is agraphicchartillustrating one example
of the timing for calibrating the glucose reference value.
An upper graph in FIG. 6 indicates the variation in the
glucose concentration value in the interstitial fluid togeth-
er with time. A lower graph in FIG. 6 indicates the user’'s
activity quantity together with the time. The user’s activity
quantity indicated by the lower graph in FIG. 6 isanumber
of steps per unit time. The number of steps of the user
may be calculated from the acceleration data detected
by the acceleration sensor. A small variation in the glu-
cose concentration value in the interstitial fluid and a
small user’s activity quantity are seen at timings T1 - T4
illustrated in FIG. 6. At the timings T1 - T4 illustrated in
FIG. 6, the user is requested to calibrate the glucose
reference value, thereby improving the accuracy of the
post-correction glucose concentration value and reliev-
ing the burden and the sense of discomfort of the user.
[0054] The discussion has been made above by ex-
emplifying the measuring system including the transmit-
ting apparatus 1, the receiving apparatus 2 and the de-
tection apparatus 3, and the embodimentis not, however,
limited to this configuration. The measuring system may
include a measuring apparatus integral with the trans-
mitting apparatus 1 and the receiving apparatus 2. The
measuring system may include an analyzing apparatus
including the transmitting apparatus 1, the receiving ap-
paratus 2 and the detection apparatus 3. The control unit
13 of the transmitting apparatus 1 may also function as
at least one of the "status determining unit", the "meas-
uring unit", the "acquiring unit", the "calculating unit", the
"timing determination unit", the "input request unit" and
the "calibrating unit".
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<Computer Readable Recording Medium>

[0055] Itis possible to record a program which causes
a computer, machine, system (hereinafter, described as
computer and other equivalent hardware components)
to implement any of the functions described above on a
computer readable recording medium. By causing the
computer and other equivalent hardware components to
read in the program from the recording medium and ex-
ecute it, the function thereof can be provided. The com-
puter readable recording medium mentioned herein in-
dicates a recording medium which stores information
such as data and a program by an electric, magnetic,
optical, mechanical, or chemical operation and allows
the stored information to be read from the computer and
other equivalent hardware components. Of such record-
ing media, those detachable from the computer or the
like include, e.g., a flexible disk, a magneto-optical disk,
a CD-ROM, a CD-R/W, a DVD, a Blu-ray disc, a DAT,
an 8-mm tape, a flash memory and a memory card. Of
such recording media, those fixed to the computer and
other equivalent hardware components include a hard
disk, a ROM or the like.

Claims
1. A measuring apparatus comprising:

a status determining unit configured to deter-
mine an activity status of a user from a signal
outputted by at least one activity sensor config-
ured to detect an activity factor of the user;
ameasuring unit configured to measure a signal
value corresponding to a concentration of a
specified substance contained in a first sample;
an acquiring unit configured to acquire a refer-
ence value pertaining to the specified substance
contained in a second sample;

a calculating unit configured to calculate a con-
centration value of the specified substance con-
tained in the first sample, based on the signal
value and the reference value;

a timing determination unit configured to deter-
mine timing for calibrating the reference value
when satisfying at least one of a first condition
that the activity status of the user is a predeter-
mined status and a second condition that a var-
iation in the concentration value of the specified
substance contained in the first sample is equal
to or smaller than a threshold value; and

an input request unit configured to request the
user to input the reference value at the deter-
mined timing.

2. The measuring apparatus according to claim 1, fur-
ther comprising:
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a calibrating unit configured to calibrate the ref-
erence value,

wherein the timing determination unit deter-
mines the timing when satisfying a condition that
elapse time since calibrating the reference value
is equal to or longer than predetermined time
and at least one of the first condition and the
second condition.

The measuring apparatus according to claim 1 or 2,
wherein the at least one activity sensor includes a
motion sensor configured to detect a motion quantity
of the user, and

the status determining unit determines the activity
status of the user, based on the motion quantity of
the user.

The measuring apparatus according to claim 1 or 2,
wherein the at least one activity sensor includes an
attitude sensor configured to detect an attitude of the
user, and

the status determining unit determines the activity
status of the user, based on the attitude of the user.

The measuring apparatus according to claim 1 or 2,
wherein the at least one activity sensor includes a
temperature sensor configured to detect a body tem-
perature of the user, and

the status determining unit determines the activity
status of the user, based on the body temperature
of the user.

The measuring apparatus according to claim 1 or 2,
wherein the at least one activity sensor includes a
pulse sensor configured to measure a pulse rate of
the user, a heartbeat sensor configured to measure
a heart rate of the user, or a pulse wave sensor con-
figured to measure a pulse wave of the user, and
the status determining unit determines the activity
status of the user, based on the pulse rate of the
user, the heart rate of the user, or the pulse wave of
the user.

The measuring apparatus according to claim 1 or 2,
wherein the at least one activity sensor includes a
blood pressure sensor configured to measure a
blood pressure value of the user, and

the status determining unit determines the activity
status of the user, based on the blood pressure value
of the user.

The measuring apparatus according to any one of
claims 1 through 7, wherein the first sample is inter-
stitial fluid,

the second sample is blood, and

the specified substance is glucose.

A measuring program for causing a computer to ex-
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10

ecute:

a process of determining an activity status of a
user from a signal outputted by at least one ac-
tivity sensor configured to detect an activity fac-
tor of the user;

a process of measuring a signal value corre-
sponding to a concentration of a specified sub-
stance contained in a first sample;

a process of acquiring a reference value pertain-
ing to the specified substance contained in a
second sample;

a process of calculating a concentration value
of the specified substance contained in the first
sample, based on the signal value and the ref-
erence value;

a process of determining timing for calibrating
the reference value when satisfying at least one
of a first condition that the activity status of the
user is a predetermined status and a second
condition that a variation in the concentration
value of the specified substance contained in
the first sample is equal to or smaller than a
threshold value; and

a process of requesting the user to input the ref-
erence value at the determined timing.

10. A measuring method comprising:

a process of determining an activity status of a
user from a signal outputted by at least one ac-
tivity sensor configured to detect an activity fac-
tor of the user;

a process of measuring a signal value corre-
sponding to a concentration of a specified sub-
stance contained in a first sample;

a process of acquiring a reference value pertain-
ing to the specified substance contained in a
second sample;

a process of calculating a concentration value
of the specified substance contained in the first
sample, based on the signal value and the ref-
erence value;

a process of determining timing for calibrating
the reference value when satisfying at least one
of a first condition that the activity status of the
user is a predetermined status and a second
condition that a variation in the concentration
value of the specified substance contained in
the first sample is equal to or smaller than a
threshold value; and

a process of requesting the user to input the ref-
erence value at the determined timing.
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