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ELECTRONIC DEVICE AND ESTIMATION
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and benefit of
Japanese Patent Application No. 2016-127509 filed on Jun.
28, 2016, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] Embodiments of this disclosure relate generally to
an electronic device and a system, and more particularly to
an electronic device and an estimation system that estimate
a subject’s state of health from measured biological infor-
mation.

BACKGROUND

[0003] Conventionally, a subject’s (user’s) state of health
is estimated by measuring a blood component or measuring
the blood fluidity. These measurements are made using a
blood sample collected from the subject. Further, an elec-
tronic device that measures biological information from the
measured portion such as a wrist of the subject is known. For
example, a known electronic device measures a subject’s
pulse rate while attached to the subject’s wrist.

SUMMARY

[0004] An electronic device according to an embodiment
includes a sensor, a blood pressure measurement portion and
a controller. The sensor acquires a subject’s pulse wave. The
blood pressure measurement portion measures the subject’s
blood pressure level. The controller estimates a state of
glucose metabolism or lipid metabolism of the subject on the
basis of an estimation formula created based on the blood
pressure level and the pulse wave, the subject’s pulse wave
acquired by the sensor and the subject’s blood pressure level
measured by the blood pressure measurement portion.

[0005] An estimation system according to an embodiment
includes an electronic device, a sphygmomanometer and an
estimation apparatus. The electronic device has a sensor
configured to acquire a subject’s pulse wave. The sphyg-
momanometer measures the subject’s blood pressure level.
The estimation apparatus estimates a state of glucose
metabolism or lipid metabolism of the subject on the basis
of an estimation formula created based on the blood pressure
level and the pulse wave, the subject’s pulse wave acquired
by the sensor and the subject’s blood pressure level mea-
sured by the sphygmomanometer.

[0006] An estimation system according to an embodiment
includes an electronic device and an estimation apparatus.
The electronic device has a sensor configured to acquire a
subject’s pulse wave and a blood pressure measurement
portion configured to measure the subject’s blood pressure
level. The estimation apparatus estimates a state of glucose
metabolism or lipid metabolism of the subject on the basis
of an estimation formula created based on the blood pressure
level and the pulse wave, the subject’s pulse wave acquired
by the sensor and the subject’s blood pressure level mea-
sured by the blood pressure measurement portion.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] In the accompanying drawings:

[0008] FIG. 1 is a diagram illustrating a schematic con-
figuration of an electronic device according to Embodiment
L
[0009] FIG. 2 is a cross-sectional diagram illustrating a
schematic configuration of the electronic device in FIG. 1;
[0010] FIG. 3 is a diagram illustrating an example of the
electronic device in FIG. 1 being in use;

[0011] FIG. 4 is a functional block diagram of the elec-
tronic device in FIG. 1;

[0012] FIG. 5 is a diagram illustrating an example of an
estimation method on the basis of change in the pulse wave
in the electronic device in FIG. 1;

[0013] FIG. 6 is a diagram illustrating an example of the
acceleration pulse wave;

[0014] FIG. 7 is a diagram illustrating an example of the
pulse wave acquired by a sensor;

[0015] FIGS. 8A and 8B are diagrams illustrating another
example of an estimation method on the basis of change in
the pulse wave in the electronic device in FIG. 1;

[0016] FIG. 9 is a flowchart for creating estimation for-
mulas used by the electronic device in FIG. 1,

[0017] FIG. 10 is a functional block diagram illustrating
an example of a schematic configuration of the electronic
device having a blood pressure level measurement function;
[0018] FIG. 11 is a flowchart illustrating an example of a
process for estimating a blood glucose level by the elec-
tronic device in FIG. 10;

[0019] FIG. 12 is a flowchart for estimating preprandial
and postprandial blood glucose levels of the subject using
estimation formulas created by the flow in FIG. 9;

[0020] FIG. 13 is a diagram illustrating a comparison
between the preprandial and postprandial blood glucose
levels estimated using estimation formulas created by the
flow in FIG. 9 and measured preprandial and postprandial
blood glucose levels;

[0021] FIG. 14 is a flowchart for creating estimation
formulas used by an electronic device according to Embodi-
ment 2;

[0022] FIG. 15 is a flowchart for estimating a subject’s
lipid level by using estimation formulas created by the flow
in FIG. 14;

[0023] FIG. 16 is a schematic diagram illustrating com-
munication between the electronic device and a sphygmo-
manometer; and

[0024] FIG. 17 is a schematic diagram illustrating a sche-
matic configuration of a system according to an embodi-
ment.

DETAILED DESCRIPTION

[0025] Pain is involved in collecting a blood sample, and
thus it is difficult for a subject to routinely estimate their own
state of health by collecting a blood sample. According to an
electronic device and an estimation system of this disclo-
sure, a subject’s state of health can be estimated easily.
[0026] Embodiments of this disclosure are described
below in detail with reference to the drawings.

Embodiment 1

[0027] FIG. 1 is a diagram illustrating a schematic con-
figuration of an electronic device according to Embodiment
1. The electronic device 100 includes a wearing portion 110
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and a measurement portion 120. FIG. 1 is a view of the
electronic device 100 from a back face 120a that comes in
contact with a subject.

[0028] The electronic device 100 measures the subject’s
biological information while the electronic device 100 is
worn by the subject. The biological information measured
by the electronic device 100 includes the subject’s pulse
wave. In an embodiment, the electronic device 100 may be
worn on the subject’s wrist and acquire a pulse wave.
[0029] In an embodiment, the wearing portion 110 is a
straight, elongated band. Measurement of the pulse wave is
performed, for example, in a state in which the subject has
wrapped the wearing portion 110 of the electronic device
100 around the wrist. In greater detail, the subject wraps the
wearing portion 110 around the wrist so that the back face
120qa of the measurement portion 120 is in contact with the
measured part and then measures the pulse wave. The
electronic device 100 measures the pulse wave of blood
flowing through the ulnar artery or the radial artery of the
subject.

[0030] FIG. 2is a cross-sectional diagram of the electronic
device 100. FIG. 2 illustrates the measurement portion 120
and the wearing portion 110 around the measurement por-
tion 120.

[0031] The measurement portion 120 has the back face
120a which comes in contact with the subject’s wrist when
worn and a front face 1205 on an opposite side from the back
face 120a. The measurement portion 120 includes an open-
ing 111 in the back face 1204 side. The sensor 130 has a first
end that comes in contact with the subject’s wrist and a
second end that comes in contact with the measurement
portion 120 when worn. In a state in which an elastic body
140 is not compressed, the first end protrudes from the
opening 111 on the back face 120a side. The first end of the
sensor 130 has a pulse pad 132. The first end of the sensor
130 is displaceable in a direction nearly perpendicular to the
plane of the back face 120a. The second end of the sensor
130 is in contact with the measurement portion 120 via a
shaft 133.

[0032] The first end of the sensor 130 is in contact with the
measurement portion 120 via the elastic body 140. The first
end of the sensor 130 is displaceable relative to the mea-
surement portion 120. The elastic body 140 includes, for
example, a spring. The elastic body 140 is not limited to a
spring, and may be any other elastic body such as resin or
sponge.

[0033] A controller, memory, communication interface,
power source, notification interface, circuit for causing these
components to operate, cable for connecting these compo-
nents, and the like may be disposed in the measurement
portion 120.

[0034] The sensor 130 includes an angular velocity sensor
131 that detects displacement of the sensor 130. The angular
velocity sensor 131 detects an angular displacement of the
sensor 130. The sensor provided in the sensor 130 is not
limited to the angular velocity sensor 131 and may, for
example, be an acceleration sensor, an angle sensor, or some
other type of motion sensor, or a plurality of these sensors.
[0035] The electronic device 100 includes an input inter-
face 141 on the front face 12056 side of the measurement
portion 120. The input interface 141 receives operation input
by the subject, and includes, for example, operation buttons
(operation keys). Alternatively, the input interface 141 may
include, for example, a touch screen.
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[0036] FIG. 3 is a diagram illustrating an example of the
electronic device 100 being used by a subject. The subject
wraps the electronic device 100 around the wrist for use. The
electronic device 100 is worn so that the back face 120a of
the measurement portion 120 is in contact with the wrist.
The position of the measurement portion 120 can be
adjusted so that the pulse pad 132 is in contact with the
position of the ulnar artery or the radial artery while the
electronic device 100 is wrapped around the wrist.

[0037] InFIG. 3, while the electronic device 100 is worn,
the first end of the sensor 130 is in contact with the skin
above the radial artery, which is the artery on the thumb side
of the subject’s left hand. The first end of the sensor 130 is
in contact with the skin above the subject’s radial artery as
a result of the elastic force applied by the elastic body 140
which is arranged between the measurement portion 120 and
the sensor 130. The sensor 130 is displaced in accordance
with the movement of the subject’s radial artery, i.e., pul-
sation. The angular velocity sensor 131 acquires the pulse
wave by detecting displacement of the sensor 130. The pulse
wave refers to a waveform representation of the temporal
change in volume of a blood vessel due to inflow of blood,
acquired from the body surface.

[0038] Referring again to FIG. 2, in a state in which the
elastic body 140 is not being compressed, the first end of the
sensor 130 protrudes from the opening 111. When the
electronic device 100 is worn on the subject, the first end of
the sensor 130 is in contact with the skin above the subject’s
radial artery, and in accordance with pulsation, the elastic
body 140 expands and contracts, and the first end of the
sensor 130 is displaced. A component with an appropriate
elastic modulus is used for the elastic body 140 so as to
allow it to expand and contract in accordance with pulsation
without inhibiting pulsation. The opening width W of the
opening 111 is greater than the vessel diameter, i.e., the
radial artery diameter in an embodiment. By providing the
opening 111 in the measurement portion 120, the back face
120q of the measurement portion 120 does not compress the
radial artery when the electronic device 100 is worn. There-
fore, the electronic device 100 can acquire a pulse wave with
little noise, and thus the measurement accuracy is improved.

[0039] FIG. 3 illustrates an example in which the elec-
tronic device 100 is worn on the wrist and acquires a pulse
wave at the radial artery. However, for example, the elec-
tronic device 100 may acquire the pulse wave of blood
flowing through a carotid artery in the subject’s neck. In
greater detail, the subject may press the pulse pad 132 lightly
against the position of the carotid artery to measure the pulse
wave. The subject may also wrap the electronic device 100
around the neck so that the pulse pad 132 is at the position
of the carotid artery.

[0040] FIG. 4 is a functional block diagram of the elec-
tronic device 100. The electronic device 100 includes the
sensor 130, the input interface 141, a controller 143, a power
source 144, a memory 145, a communication interface 146
and a notification interface 147. In an embodiment, the
controller 143, the power source 144, the memory 145, the
communication interface 146 and the notification interface
147 may be included in the measurement portion 120 or the
wearing portion 110.

[0041] The sensor 130 includes the angular velocity sensor
131, detects pulsation from the measured part, and acquires
the pulse wave.
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[0042] The controller 143 is a processor for overall control
and management of the electronic device 100, including
each functional block of the electronic device 100. The
controller 143 is a processor configured to estimate a sub-
ject’s blood glucose level on the basis of the acquired pulse
wave. The controller 143 includes a processor such as a
central processing unit (CPU) that executes a program
prescribing control procedures and a program that estimates
a subject’s blood glucose level. These programs are, for
example, stored in a storage medium such as the memory
145. In accordance with the index calculated from the pulse
wave, the controller 143 estimates a state related to the
subject’s glucose metabolism, lipid metabolism, or the like.
The controller 143 may also notify the notification interface
147 of data.

[0043] 1Inthe electronic device 100, the controller 143 may
include at least one processor 143a so that control and
processing capability for executing a variety of functions is
provided, as further described in detail below.

[0044] According to a variety of embodiments, at least one
processor 143a may be executed as a single integrated
circuit (IC) or as a plurality of communicably connected ICs
and/or discrete circuits. At least one processor 143a can be
executed in accordance with a variety of known technolo-
gies.

[0045] In an embodiment, the processor 143a includes at
least one circuit or unit configured to execute at least one
data calculation procedure or process by executing an
instruction stored in the related memory, for example. In the
other embodiments, the processor 143a may be a firmware
(e.g. discrete logistic component) that is configured to
execute at least one data calculation procedure or process.

[0046] According to a variety of embodiments, the pro-
cessor 143e may include at least one processor, controller,
microprocessor, microcontroller, application specific inte-
grated circuit (ASIC), digital signal processor, program-
mable logistic device, field programmable gate array, any
combination of these devices or configurations, or combi-
nation of other known devices and configurations, and
execute the functions described below.

[0047] The power source 144, for example, includes a
lithium-ion battery and a control circuit for charging and
discharging the lithium-ion battery, and supplies power to
the electronic device 100 overall. The power source 144 is
not limited to a secondary battery such as a lithium-ion
battery or the like, and may be a primary battery such as a
button battery or the like.

[0048] The memory 145 stores programs and data. The
memory 145 may include any non-transitory storage
medium, such as a semiconductor storage medium and a
magnetic storage medium. The memory 145 may also
include a plurality of types of storage media. The memory
145 may include a combination of a portable storage
medium, such as a memory card, optical disc, or magneto-
optical disc, and an apparatus for reading the storage
medium. The memory 145 may include a storage device
used as a temporal storage area, such as random access
memory (RAM). The memory 145 stores a variety of
information and/or programs for causing the electronic
device 100 to operate, or the like and also functions as a
working memory. The memory 145 may, for example, store
the measurement result of the pulse wave acquired by the
sensor 130.
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[0049] The communication interface 146 transmits to/re-
ceives from a variety of data through wired or wireless
communication with an external apparatus. For example, the
communication interface 146 communicates with an exter-
nal apparatus that stores the biological information of the
subject to manage the state of health. The communication
interface 146 transmits the measurement result of the pulse
wave measured by the electronic device 100 and/or the state
of health estimated by the electronic device 100 to the
external apparatus.

[0050] The notification interface 147 provides notification
of information by sound, vibration, images, or the like. The
notification interface 147 may include a speaker, a vibrator,
and a display device. The display device may be, for
example, a liquid crystal display (LCD), an organic electro-
luminescence display (OELD). or an inorganic electro-
luminescence display (IELD). In an embodiment, for
example, the notification interface 147 provides notification
of the state of the subject’s glucose metabolism or lipid
metabolism.

[0051] In an embodiment, the electronic device 100 esti-
mates a state of glucose metabolism. In an embodiment, the
electronic device 100 estimates the blood glucose level as a
state of glucose metabolism.

[0052] The electronic device 100 estimates the subject’s
blood glucose level in accordance with estimation formulas
created using regression analysis. The electronic device 100
stores, in advance, estimation formulas for estimating the
blood glucose level on the basis of pulse wave and blood
pressure level in the memory 145, for example. The elec-
tronic device 100 estimates the blood glucose level using
these estimation formulas. In this specification, the blood
pressure level is a numerical value related to the subject’s
blood pressure, and may include, for example, a maximum
blood pressure, a minimum blood pressure or a pulse pres-
sure. The pulse pressure is a difference between the systolic
blood pressure (the maximum blood pressure) and the
diastolic blood pressure (the minimum blood pressure).

[0053] Here, estimation theory related to estimating the
blood glucose level on the basis of a pulse wave is described.
As a result of an increase in the blood glucose level after a
meal, the blood fluidity reduces (viscosity increases), blood
vessels dilate, and the amount of circulating blood increases.
Vascular dynamics and hemodynamics are determined so as
to balance these states. The reduction in blood fluidity
occurs, for example, because of an increase in the viscosity
of blood plasma or a reduction in the deformability of red
blood cells. Dilation of blood vessels occurs for reasons such
as secretion of insulin, secretion of digestive hormones, and
a rise in body temperature. When blood vessels dilate, the
blood pressure decreases, which leads to a change in the
pulse pressure. Further, a reduction in blood pressure is
suppressed, and thus pulse rate increases. The increase in the
amount of circulating blood compensates for blood con-
sumption for digestion and absorption. Changes in vascular
dynamics and hemodynamics before and after a meal due to
these factors are also reflected in the pulse wave. In this
manner, the blood pressure level and the pulse wave change
before and after meals. Therefore, the electronic device 100
can acquire the blood pressure level and the pulse wave
before and after meals and estimate the blood glucose level
on the basis of the change in the acquired blood pressure
level and pulse wave.
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[0054] Estimation formulas for estimating the blood glu-
cose level in accordance with the above estimation theory
can be created by performing regression analysis on sample
data representing preprandial/postprandial blood pressure
levels, blood glucose levels and pulse waves acquired from
a plurality of subjects. The subject’s blood glucose level can
be estimated by applying the created estimation formulas to
the subject’s pulse wave index at the time of estimation. The
estimation formulas are created in particular by performing
regression analysis using sample data for which variation in
the blood glucose level is close to a normal distribution, and
thus the blood glucose level of the subject being tested can
be estimated either before or afier a meal.

[0055] FIG. 5 is a diagram illustrating an example of an
estimation method on the basis of a change in pulse wave
and illustrates an example of pulse wave. The estimation
formulas for estimating blood glucose level are created
using regression analysis with an index based on pulse wave
included in an explanatory variable. The index based on
pulse wave includes, for example, an index S1 indicating the
rising of a pulse wave (rising index), the augmentation index
(AI), and the pulse rate (PR).

[0056] The rising index S1 is derived using the waveform
indicated in the area D1 in FIG. 5. In greater detail, the rising
index S1 is the ratio of the first local minimum to the first
local maximum in the acceleration pulse wave yielded by
the second derivative of the pulse wave. For example, for the
acceleration pulse wave illustrated as an example in FIG. 6,
the rising index S1 is expressed as -b/a. The rising index S1
decreases because of a reduction in fluidity of the blood,
secretion of insulin, dilation (relaxation) of blood vessels
due to increased insulin secretion and body temperature, or
the like after a meal.

[0057] Al is an index represented as the ratio between the
magnitude of the forward wave and the reflected wave of the
pulse wave. A derivative method of Al will be described
with reference to FIG. 7. FIG. 7 illustrates an example of
pulse waves acquired at the wrist using the electronic device
100. FIG. 7 illustrates the case where the angular velocity
sensor 131 is used as the means for detecting the pulsation.
FIG. 7 is an integration of the angular velocity acquired by
the angular velocity sensor 131. In FIG. 7, the horizontal
axis represents time and the vertical axis represents the
angle. Since the acquired pulse wave may, for example,
include noise that is due to body movement of the subject,
the pulse wave may be corrected by a filter that removes the
direct current (DC) component, so as to extract only the
pulsation component.

[0058] Propagation of the pulse wave is a phenomenon in
which pulsation due to blood being pumped from the heart
is transmitted through artery walls or blood. The pulsation
due to blood pumped from the heart reaches the peripheries
of limbs as a forward wave, a portion of which is reflected
at locations such as where a blood vessel branches, or where
the diameter of a blood vessel changes, and returns as a
reflected wave. Al is the result of dividing the magnitude of
the reflected wave by the magnitude of the forward wave and
is represented as AL =(P,-Ps,)/(Pr,~Ps,). Here, Al is the
Al for each pulse beat. Al may, for example, be calculated
by measuring the pulse wave for several seconds and
calculating the average Al of the AL, for each pulse beat
(n=an integer from 1 to n). The Al is derived from the
waveform indicated in area D2 of FIG. 5. The Al reduces
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because of a reduction in fluidity of the blood, dilation of
blood vessels due to increased body temperatures, or the
like.

[0059] The pulse rate PR is derived from the period TPR
of the pulse wave illustrated in FIG. 5. The pulse rate PR
rises after a meal.

[0060] The electronic device 100 can estimate the blood
glucose level by the estimation formulas created using the
rising index S1, the Al and the pulse rate PR and the blood
pressure level measured by using a sphygmomanometer. As
a sphygmomanometer, any sphygmomanometers such as
those using oscillometric method, Riva-Rocci Korotkoff
method and the like may be used.

[0061] FIGS. 8A and 8B are diagrams illustrating another
example of an estimation method based on change in the
pulse wave. FIG. 8A illustrates a pulse wave and FIG. 8B
illustrates the result of performing a fast Fourier transform
(FFT) on the pulse wave in FIG. 8A. The estimation
formulas for estimating the blood glucose level are, for
example, created by regression analysis related to a funda-
mental and harmonic wave component (Fourier coeflicients)
that are derived by the FFT, for example. The peak level in
the result of the FFT illustrated in FIG. 8B changes in
accordance with the change in the waveform of the pulse
wave. Therefore, the blood glucose level can be estimated
with estimation formulas created using the Fourier coefli-
cients.

[0062] The electronic device 100 estimates the subject’s
blood glucose level by using the estimation formulas and on
the basis of the above described rising index S1, Al, pulse
rate PR and pulse pressure, Fourier coeflicients and the like.

[0063] Here, a method for creating the estimation formu-
las used in the case where the electronic device 100 esti-
mates the subject’s blood glucose level will be described.
The estimation formulas may be created by the electronic
device 100, or may be created in advance using another
computer or the like. In this disclosure, the device that
creates the estimation formulas is referred to as estimation
formula creation apparatus. The created estimation formulas
are, for example, stored in the memory 145 in advance,
before the subject estimates the blood glucose level with the
electronic device 100.

[0064] FIG. 9 is a flowchart for creating the estimation
formulas used by the electronic device 100 in FIG. 1. The
estimation formulas are created by performing regression
analysis on the basis of the sample data acquired by mea-
suring a subject’s preprandial and postprandial blood glu-
cose levels using a blood glucose meter, the subject’s blood
pressure level using a sphygmomanometer, and the subject’s
postprandial pulse wave using a pulse wave meter. In this
context, preprandial refers to when the subject is fasting, and
postprandial refers to the time when the blood glucose level
rises after a predetermined length of time elapses after a
meal (for example, approximately one hour after the start of
the meal). The acquired sample data are not limited to those
obtained before and after a meal. It suffices to use data
obtained at times with large variation in the blood glucose
level.

[0065] First, for creation of the estimation formulas, the
subject’s preprandial blood glucose level and blood pressure
level measured respectively by a blood glucose meter and a
sphygmomanometer are input into the estimation formula
creation apparatus (step S101).
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[0066] The information on the pulse wave associated with
the subject’s postprandial blood glucose level, blood pres-
sure level and pulse wave measured respectively using a
blood glucose meter, a sphygmomanometer and a pulse
wave meter is input into the estimation formula creation
apparatus (step S102). The blood glucose levels input in
steps S101 and S102 are measured using a blood glucose
meter by collecting a blood sample. In steps S101 or S102,
the age of the subject of the sample data is also input.

[0067] The estimation formula creation apparatus deter-
mines whether the number of samples in the sample data
input in steps S101 and S102 is equal to or greater than the
number of samples, N, sufficient for regression analysis
(step S103). The number of samples, N, may be determined
as appropriate, and may be 100, for example. When it is
determined that the number of samples is fewer than N (in
case of “No”), the estimation formula creation apparatus
repeats steps S101 and S102 until the number of samples
becomes equal to or greater than N. Conversely, when it is
determined that the number of samples is greater than or
equal to N (in case of “Yes™), the estimation formula
creation apparatus proceeds to step S104 and calculates the
estimation formulas.

[0068] During calculation of the estimation formulas, the
estimation formula creation apparatus analyzes the input
postprandial pulse wave (step S104). In an embodiment, the
estimation formula creation apparatus analyzes the post-
prandial pulse wave rising index S1, Al and pulse rate PR.
The estimation formula creation apparatus may perform FET
analysis as an analysis of pulse wave.

[0069] The estimation formula creation apparatus calcu-
lates preprandial and postprandial pulse pressures on the
basis of the input preprandial and postprandial blood pres-
sure levels, and calculates a difference between preprandial
and postprandial blood pressure levels (DP: difference in
pulse pressure) (step S105).

[0070] The estimation formula creation apparatus per-
forms regression analysis (step S106). The objective vari-
able in the regression analysis is the preprandial and post-
prandial blood glucose levels. The explanatory variables in
the regression analysis are, for example, the age input in step
S101 or S102, the postprandial pulse wave rising index S1,
Al, and pulse rate PF analyzed in step S104 and the
difference in pulse pressures, DP, calculated in step S105.
When the estimation formula creation apparatus performs
FFT analysis in step S104, the explanatory variable may be
Fourier coeflicients calculated as a result of FFT analysis,
for example.

[0071] The estimation formula creation apparatus creates
estimation formulas for estimating the preprandial and post-
prandial blood glucose level on the basis of the result of the
regression analysis (step S106). An example of estimation
formulas for estimating the preprandial and postprandial
blood glucose levels is indicated below by Formulas (1) and

).

GLa=1151.9+2.79xage+5.27xDP-0.25xPRa-3.69%
Ala+6.07xSla (1)

GLb=52.7+1.75xage+3.28xDP+2.52x PRa-2.59x
Ala+1.03%xSla 2)

[0072] In Formulas (1) and (2), GLa is the postprandial
blood glucose level and GLb is the preprandial blood
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glucose level. PRa is the postprandial pulse rate PR, Ala is
the postprandial Al and Sla is the postprandial rising index
S1.

[0073] Next, the estimation process of the blood glucose
level by the electronic device 100 using the estimation
formulas calculated as described above will be explained.
The blood pressure level used by the electronic device 100
for estimating the blood glucose level is input, for example
by the subject to the electronic device 100 by measuring the
subject’s own blood pressure level using a sphygmomanom-
eter. When the electronic device 100 is configured integrally
with a sphygmomanometer, that is, when the electronic
device 100 has a blood pressure level measuring function,
the electronic device 100 performs the estimation process of
the blood glucose level using the blood pressure level
measured by the subject using the electronic device 100.
Here, an example where the electronic device 100 is integral
with a sphygmomanometer is explained.

[0074] FIG. 10 is a functional block diagram illustrating
an example of the electronic device 100 having a blood
pressure level measuring function. The electronic device
100 illustrated in FIG. 10 is an example having a blood
pressure level measuring function of what is called a cuff-
type sphygmomanometer. In addition to each functional
portion as illustrated in FIG. 4, the electronic device 100
further includes a booster pump 171, a pressure sensor 172,
an exhaust valve 173 and a cuff' 174. The blood pressure
measurement portion 170 measures the subject’s blood
pressure level. The blood pressure measurement portion 170
includes the booster pump 171, the pressure sensor 172, the
exhaust valve 173 and the cuff 174.

[0075] The booster pump 171 is connected to the cuff 174
via air tube. The subject may wrap the cuff 174 around the
arm (upper arm), the wrist or the finger. The cuff 174 is a
band of a predetermined width, and includes an air bag into
which air can be introduced. The booster pump 171 can
supply air to the air bag with the cuff 174 being wrapped
around the arm, the wrist or the finger of the subject. When
the air is supplied to the air bag, the arm, the wrist or the
finger of the subject is fastened by the cuff 174 and the blood
vessel is compressed.

[0076] The pressure sensor 172 detects the pressure in the
air bag of the cuff 174, and outputs a signal related to the
detected pressure to the controller 143. The pressure sensor
172 may be disposed on the inside of the cuff 174, for
example.

[0077] The exhaust valve 173 is connected to the cuff 174
via the air tube. The exhaust valve 173 exhausts the air in the
air bag of the cuff 174 to outside.

[0078] The booster pump 171 and the exhaust valve 173
are controlled by the controller 143 on the basis of the
pressure in the air bag obtained by the pressure sensor 172.
The electronic device 100 adjusts the pressure in the air bag
of the cuff 174 and measures the subject’s blood pressure
level with a conventional well-known method.

[0079] FIG. 11 is a flowchart illustrating an example of the
estimation process of the blood glucose level by the elec-
tronic device 100 of FIG. 10. The flowchart illustrated in
FIG. 11 is started when the subject wearing the cuff 174
performs a specific input operation to the electronic device
100 after a meal.

[0080] When the electronic device 100 receives the above
described specific input operation by the subject, it supplies
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air to the air bag of the cuff 174 by the booster pump 171 to
apply pressure to the arm, the wrist and the finger of the
subject (step S201).

[0081] The electronic device 100 measures the subject’s
blood pressure level by a conventional known method while
reducing pressure in the cuff 174 by exhausting the air in the
air bag of the cuff 174 through the exhaust valve 173 (step
S202). In this manner, the electronic device 100 can acquire
the subject’s postprandial blood pressure level.

[0082] The electronic device 100 again supplies air to the
air bag of the cuff 174 by the booster pump 171 to apply
pressure to the arm, the wrist and the finger of the subject
(step S203). The pressure at this time may be a specific
pressure at which the electronic device 100 can acquire a
pulse wave, for example, and may be a pressure that is
higher than the subject’s maximum blood pressure by a
specific level (e.g. 35 mmHg), for example. This pressure
may be a pressure at which a pulse wave can be stably
acquired.

[0083] The electronic device 100 holds the pressure of the
cuff 174 constant and measures the subject’s pulse wave
(8204). In this manner, the electronic device 100 can acquire
the subject’s postprandial pulse wave.

[0084] When measurement of the pulse wave is finished,
the electronic device 100 reduces the pressure in the cuff 174
by exhausting the air in the air bag of the cuff 174 through
the exhaust valve 173 (step S205).

[0085] The electronic device 100 estimates the blood
glucose level using the estimation formulas (step S206).
[0086] The flowchart illustrated in FIG. 11 indicates that
the electronic device 100 acquires the pulse wave after
acquiring the blood pressure level. However, it is not nec-
essary for the electronic device 100 to perform the process
in this order. For example, the electronic device 100 may
hold a constant pressure during reduction of the pressure
after applying pressure to the arm, the wrist and the finger
of the subject in step S201 so as to acquire the pulse wave
as illustrated in step S204. In this case, after acquiring the
pulse wave, the electronic device 100 starts again reducing
the pressure of the cuff 174. When the process is performed
in this order, the electronic device 100 can acquire a pulse
wave during acquisition of a blood pressure level, that is,
between measuring of the maximum pressure and measuring
of the minimum pressure. When a pulse wave is acquired, if
the pulse wave can be acquired without applying a pressure
by the cuff 174, it is not necessary to apply pressure by the
cuff 174.

[0087] Next, a process for estimating the subject’s blood
glucose level using the estimation formulas is described.
FIG. 12 is a flowchart for estimating the subject’s prepran-
dial and postprandial blood glucose levels using the estima-
tion formulas created according to the flow illustrated in
FIG. 9. Here, a process performed by the electronic device
100 having a blood pressure level measuring function as
illustrated with reference to FIG. 10 will be described.
[0088] The electronic device 100 inputs the subject’s age
on the basis of operation of the input interface 141 by the
subject (step S301).

[0089] The electronic device 100 measures the subject’s
preprandial blood pressure level on the basis of operation of
the input interface 141 by the subject (step S302).

[0090] The electronic device 100 measures the subject’s
postprandial blood pressure level on the basis of operation of
the input interface 141 by the subject (step S303).
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[0091] The electronic device 100 measures the subject’s
postprandial pulse wave on the basis of operation by the
subject (step S304).

[0092] The electronic device 100 analyzes the measured
pulse wave (step S305). In greater detail, the electronic
device 100 analyzes on the basis of rising SI, Al and pulse
rate PR related to the measured pulse wave, for example.
[0093] The electronic device 100 calculates the prepran-
dial and postprandial pulse pressures on the basis of the
measured preprandial and postprandial blood pressure levels
to calculate the difference between preprandial and post-
prandial pulse pressures, DP (step S306).

[0094] The electronic device 100 estimates the subject’s
preprandial and postprandial blood glucose levels by, for
example, substituting the rising index S1, the Al and the
pulse rate PR analyzed in step S305, the difference between
the preprandial pulse pressure and the postprandial pulse
pressure, DP, calculated in step S306, and the age of the
subject into Formulas (1) and (2) above (step S307). The
subject is notified, for example, of the estimated preprandial
and postprandial blood glucose levels by the notification
interface 147 of the electronic device 100, for example.
[0095] The postprandial blood pressure level (step S303)
and the postprandial pulse wave (step S304) may be mea-
sured in accordance with the process from the step S201 to
the step S205 illustrated in FIG. 11.

[0096] When the electronic device 100 does not have the
blood pressure level measuring function, the subject inputs
a blood pressure measured using a separate sphygmoma-
nometer to the electronic device 100. In this case, the
electronic device 100 accepts an input of a blood pressure
level by the subject instead of measurement of the subject’s
blood pressure level in steps S302 and S303.

[0097] FIG. 13 illustrates a comparison between the pre-
prandial and postprandial blood glucose levels estimated
using the estimation formulas created according to the flow
in FIG. 9 and the actual measured preprandial and postpran-
dial blood glucose levels. In the graph illustrated in FIG. 13,
the measured level (actual measured level) of the prepran-
dial and postprandial blood glucose levels is indicated on the
horizontal axis and the estimated levels thereof are indicated
on the vertical axis. The blood glucose level was measured
using the blood glucose meter Medisafe Fit manufactured by
Terumo Corporation. As illustrated in FIG. 13, the measured
levels and the estimated levels are mostly contained within
the range of £20%. In other words, the estimation accuracy
with the estimation formulas is considered to be within 20%.
[0098] In this manner, the electronic device 100 can
estimate the preprandial and postprandial blood glucose
levels in a non-invasive manner and in a short time on the
basis of the preprandial and postprandial blood pressure
levels measured by the subject using a sphygmomanometer.
In particular, the Al is a parameter that is dependable on the
blood pressure level. Thus, as with the electronic device 100,
when the blood glucose level is estimated on the basis of the
estimation formulas created by containing blood pressure
levels as explanatory variables, the estimation accuracy of
the blood glucose level can be improved. In an embodiment,
although the estimation formulas are created using prepran-
dial and postprandial blood glucose levels, preprandial and
postprandial blood pressure levels and postprandial pulse
waves, creation of estimation formulas is not limited thereto,
estimation formulas may be created using a postprandial
blood glucose level or either preprandial or postprandial
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blood pressure level and pulse wave. The electronic device
100 may estimate not only preprandial and postprandial
blood glucose levels, but also subject’s blood glucose level
in any timing. The electronic device 100 can estimate a
blood glucose level in any timing in a non-invasive manner
and in a short time.

[0099] The electronic device 100 according to an embodi-
ment may update the estimation formulas stored in the
memory 145 on the basis of the subject’s preprandial and
postprandial blood pressure levels acquired in steps S302
and S303 for estimation of the blood glucose level. In other
words, the electronic device 100 can use the preprandial and
postprandial blood pressure levels and the postprandial pulse
wave acquired for estimating the blood glucose level as
sample data for updating the estimation formulas. Thus, the
estimation formulas are updated each time the subject esti-
mates a blood glucose level, and the estimation accuracy of
preprandial and postprandial blood glucose levels using the
estimation formulas is increased.

Embodiment 2

[0100] In Embodiment 1, cases where the electronic
device 100 estimates the subject’s preprandial and postpran-
dial blood glucose levels have been described. In Embodi-
ment 2, an example where the electronic device 100 esti-
mates the subject’s state of lipid metabolism is described. In
an embodiment, the electronic device 100 estimates the
postprandial lipid level as the state of lipid metabolism. The
lipid level includes neutral fat, total cholesterol, HDL cho-
lesterol, LDL cholesterol, and the like. Description of points
that are similar to those of Embodiment 1 is omitted as
appropriate.

[0101] The electronic device 100 stores in advance the
estimation formulas for estimating the lipid level on the
basis of the pulse wave in the memory 145, for example. The
electronic device 100 estimates the lipid level using these
estimation formulas.

[0102] The estimation theory related to estimation of the
lipid level based on the pulse wave is similar to the estima-
tion theory for blood glucose level described in Embodiment
1. In other words, a change in the lipid level in the blood is
also reflected in a change in the waveform of the pulse wave
and a change in the blood pressure level. Thus, the electronic
device 100 acquires the blood pressure level and the pulse
wave, and can estimate the lipid level on the basis of a
change in the acquired blood pressure level and pulse wave.
The electronic device 100 estimates the lipid level using the
pulse wave and the blood pressure level when a lipid is
estimated, and thus the estimation accuracy of the lipid level
1s improved.

[0103] FIG. 14 is a flowchart for creating estimation
formulas used by the electronic device 100 according to an
embodiment. In an embodiment, the estimation formulas are
created by performing regression analysis on the basis of the
sample data. In an embodiment, the estimation formulas are
created on the basis of the preprandial pulse wave, lipid level
and blood pressure level as the sample data. In an embodi-
ment, preprandial refers to when the subject is fasting, and
postprandial refers to the time when the lipid level rises after
a predetermined length of time elapses after a meal (for
example, approximately three hours after the start of the
meal). The estimation formulas are created in particular by
performing regression analysis using sample data for which
variation in the blood glucose levels is close to a normal
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distribution, and thus the lipid level of the subject being
tested can be estimated at any timing either before or after
a meal.

[0104] When the estimation formulas are created, the
information related to the subject’s preprandial blood pres-
sure level, pulse wave and lipid level measured respectively
by a sphygmomanometer, a sphygmograph and a lipid
measuring apparatus is input to the estimation formula
creation apparatus (step S401).

[0105] The age of the subject of each sample data is also
input to the estimation formula creation apparatus (step
S402).

[0106] The estimation formula creation apparatus deter-
mines whether the number of samples in the sample data
input in step S401 and step S402 is equal to or greater than
the number of samples, N, sufficient for regression analysis
(step S403). The number of samples, N, can be determined
as appropriate, and may be 100, for example. When it is
determined that the number of samples is fewer than N (in
case of “No”), the estimation formula creation apparatus
repeats step 3401 and step S402 until the number of samples
becomes equal to or greater than N. Conversely, when it is
determined that the number of samples is greater than or
equal to N (in case of “Yes”), the estimation formula
creation apparatus proceeds to step S204 and calculates the
estimation formulas.

[0107] During calculation of the estimation formulas, the
estimation formula creation apparatus analyzes the input
preprandial pulse wave (step S404). In an embodiment, the
estimation formula creation apparatus analyzes preprandial
pulse wave’s rising index S1, Al and pulse rate PR. The
estimation formula creation apparatus may perform FFT
analysis as the pulse wave analysis.

[0108] The estimation formula creation apparatus calcu-
lates the preprandial pulse pressure on the basis of the input
preprandial blood pressure level (step S405).

[0109] The estimation formula creation apparatus per-
forms regression analysis (step S406). The objective vari-
able in the regression analysis is the preprandial lipid level.
The explanatory variable in the regression analysis is the age
input in step S502 and the rising index S1, the Al, and the
pulse rate PR of the preprandial pulse wave analyzed in step
S504 and the preprandial pulse pressure calculated in step
S405. When the estimation formula creation apparatus per-
forms FFT analysis in step S404, the explanatory variable
may, for example, be the Fourier coeflicients calculated as
the result of an FFT analysis.

[0110] The estimation formula creation apparatus creates
estimation formulas for estimating the preprandial lipid level
on the basis of the result of the regression analysis (step
S407).

[0111] Next, a process for estimating the subject’s lipid
level using estimation formulas is described. FIG. 15 is a
flowchart for estimating the subject’s lipid level using the
estimation formulas created according to the flow in FIG.
14. Here, as described with reference to FIG. 10, the
electronic device 100 is explained as the electronic device
100 having a blood pressure level measuring function.
[0112] The electronic device 100 inputs a subject’s age on
the basis of operation of the input interface 141 by the
subject (step S501).

[0113] The electronic device 100 measures the subject’s
postprandial blood pressure level on the basis of operation
by the subject after a meal (step S502).
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[0114] The electronic device 100 measures the subject’s
postprandial pulse wave on the basis of operation by the
subject (step S503).

[0115] The electronic device 100 analyzes the measured
pulse wave (step S504). In greater detail, the electronic
device 100 analyzes the rising index S1, the Al and the pulse
rate PR related to the measured pulse wave, for example.
[0116] The electronic device 100 calculates the postpran-
dial pulse pressure on the basis of the measured postprandial
blood pressure level (step S505).

[0117] The electronic device 100 estimates the subject’s
postprandial lipid level by substituting the rising index S1,
the Al and the pulse rate PR analyzed in step S504, the
postprandial pulse pressure calculated in step S505 and the
age of the subject into the estimation formulas created
according to the flowchart of FIG. 14 (step S506). The
estimated postprandial lipid level is notified, for example,
from the notification interface 147 of the electronic device
100 to the subject. The postprandial blood pressure level
(step S502) and the postprandial pulse wave (step S503)
may be measured according to the process from step S201
to step S205 illustrated in FIG. 11.

[0118] In this manner, the electronic device 100 can esti-
mate the postprandial lipid level on the basis of the measured
postprandial blood pressure level. The electronic device 100
according to an embodiment estimates the lipid level using
the postprandial blood pressure level. In particular, the Al is
a parameter that is dependable on the blood pressure level.
Thus, as with the electronic device 100, the lipid level is
estimated on the basis of the estimation formulas created by
containing the blood pressure level as the explanatory vari-
able, thereby improving the estimation accuracy of the lipid
level.

[0119] The electronic device 100 may estimate, not lim-
ited to the postprandial lipid level, a subject’s lipid level in
any timing. The electronic device 100 can also estimate the
lipid level in any timing in a non-invasive manner and in a
short time.

[0120] As with Embodiment 1, the electronic device 100
according to an embodiment may also update the estimation
formulas stored in the memory 145 on the basis of the
subject’s postprandial blood pressure level and the pulse
wave obtained in step S502 for estimating the lipid level.
Thus, the estimation formulas are updated each time the
subject estimates the lipid level, and the estimation accuracy
of the postprandial lipid level using the estimation formulas
is increased.

[0121] When the electronic device 100 does not have a
blood pressure level measuring function, the blood pressure
level may be automatically input from the sphygmomanom-
eter to the electronic device 100 as illustrated in FI1G. 16, for
example.

[0122] FIG. 16 is a schematic diagram illustrating com-
munication between the electronic device 100 and the
sphygmomanometer 160. The sphygmomanometer 160
includes a communication interface and can transmit/receive
information via the communication interface 146 of the
electronic device 100. When the sphygmomanometer 160
measures the blood pressure level on the basis of operation
by the subject, for example, it transmits the blood pressure
level as a measuring result to the electronic device 100. The
electronic device 100 uses the blood pressure level acquired
from the sphygmomanometer 160 and estimates the pre-
prandial and postprandial blood glucose levels or the post-
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prandial lipid level of the subject in accordance with the flow
illustrated in FIG. 12, FIG. 15, or the like.

[0123] In the above described embodiment, the blood
glucose level or the lipid level is estimated by the electronic
device 100. However, estimation of the blood glucose level
or the lipid level is not necessarily performed by the elec-
tronic device 100. An example of estimating the blood
glucose level or the lipid level by an apparatus other than the
electronic device 100 will be described.

[0124] FIG. 17 is a diagram illustrating a schematic con-
figuration of a system according to an embodiment. The
system according to the embodiment illustrated in FIG. 17
includes the electronic device 100, a server 151, a mobile
terminal 150 and a communication network. As illustrated in
FIG. 17, the pulse wave measured by the electronic device
100 is transmitted to the server 151 over the communication
network and is stored in the server 151 as the personal
information of the subject. The server 151 serves as the
estimation apparatus that estimates a state of glucose
metabolism or lipid metabolism of the subject. The server
151 compares the pulse wave with the information of the
subject acquired in the past or a variety of data base and
estimates the blood glucose level or the lipid level of the
subject. The server 151 may further create appropriate
advice for the subject. The server 151 replies to the mobile
terminal 150 in the subject’s possession with estimation
results and advice. The mobile terminal 150 can establish a
system to provide notification of received estimation results
and advice via the display of the mobile terminal 150. By
using the communication function of the electronic device
100, information from a plurality of users can be collected
on the server 151. Thus the estimation accuracy is further
increased. Further, since the mobile terminal 150 is used as
notification means, the electronic device 100 does not
require the notification interface 147 and can be further
reduced in size. Since the blood glucose level or the lipid
level of the subject is estimated by the server 151, the
calculation load on the controller 143 of the electronic
device 100 can be reduced. Further, since the subject’s
information acquired in the past can be stored on the server
151, load on the memory 145 of the electronic device 100
can be reduced. Therefore, the electronic device 100 can be
further reduced in size and complexity, and the processing
speed for calculation is also improved.

[0125] In the system according to an embodiment, the
electronic device 100 and the mobile terminal 150 are
illustrated as connected over the communication network.
However, systems according to this disclosure are not lim-
ited to this configuration. The electronic device 100 and the
mobile terminal 150 may be connected directly over the
communication network without use of the server 151.
[0126] Some embodiments have been described for a
complete and clear disclosure. The appended claims, how-
ever, are not limited to the above embodiments and are to be
construed as encompassing all of the possible modifications
and alternate configurations that a person of ordinary skill in
the art could have made within the scope of the fundamental
features indicated in this disclosure. Each requirement illus-
trated in some embodiments can be combined freely.
[0127] For example. in the above embodiments, cases
where the sensor 130 is provided with the angular velocity
sensor 131 has been described. However, the electronic
device 100 is not limited to this case. The sensor 130 may
be provided with an optical pulse wave sensor constituted by
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an optical emitter and an optical detector or may be provided
with a pressure sensor. The electronic device 100 is not
limited to being worn on the wrist. It suffices for the sensor
130 to be placed on an artery, such as on the neck, ankle,
thigh, ear, or the like.

1. An electronic device comprising:

a sensor configured to acquire a subject’s pulse wave;

a blood pressure measurement portion configured to mea-

sure the subject’s blood pressure level; and

a controller configured to estimate a state of glucose

metabolism or lipid metabolism of the subject on the
basis of an index based on the subject’s pulse wave
acquired by the sensor and the subject’s blood pressure
level measured by the blood pressure measurement
portion.

2. The electronic device according to claim 1, wherein the
controller estimates a blood glucose level as a glucose
metabolism of the subject and a lipid level as a lipid
metabolism of the subject.

3. The electronic device according to claim 1, wherein the
sensor comprises a sensor configured to detect acceleration
or angular velocity.

4. The electronic device according to claim 1, wherein the
blood pressure measurement portion is a cuff-type sphyg-
momanometer.

5. The electronic device according to claim 1, wherein the
controller estimates a state of glucose metabolism or lipid
metabolism of the subject using an estimation formula
created on the basis of the index based on the pulse wave and
the blood pressure level.
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6. The electronic device according to claim 5, wherein the
controller updates the estimation formula on the basis of the
subject’s blood pressure level measured by the blood pres-
sure measurement portion and the subject’s pulse wave
acquired by the sensor.

7. The electronic device according to claim 1, wherein the
sensor acquires the subject’s pulse wave while the blood
pressure measurement portion measures the subject’s blood
pressure level.

8. An estimation system comprising:

an electronic device having a sensor configured to acquire

a subject’s pulse wave;

a sphygmomanometer configured to measure the subject’s

blood pressure level; and

an estimation apparatus configured to estimate a state of

glucose metabolism or lipid metabolism of the subject
on the basis of an index based on the subject’s pulse
wave acquired by the sensor and the subject’s blood
pressure level measured by the sphygmomanometer.

9. An estimation system comprising;

an electronic device having a sensor configured to acquire

a subject’s pulse wave and a blood pressure measure-
ment portion configured to measure the subject’s blood
pressure level; and

an estimation apparatus configured to estimate a state of

glucose metabolism or lipid metabolism of the subject
on the basis of an index based on the subject’s pulse
wave acquired by the sensor and the subject’s blood
pressure level measured by the blood pressure mea-
surement portion.
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