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DEVICE

(57)  An object is to provide an exercise load deter-
mination method and an exercise load determination de-
vice that can easily and accurately determine whether
an exercise loadis appropriate or not. An acquisition unit
(21) acquires first acetone concentration value being
concentration of acetone released from a subject before
exercise of the subject and second acetone concentra-

tion value being concentration of acetone released from
the subject after a specified period of time from an end

of the exercise by the subject, a determination unit (22)
calculates a comparison value between the first acetone
concentration value and the second acetone concentra-

tion value, compares the comparison value with a preset
threshold, and determines whether an exercise load of
the exercise is appropriate for the subject, and an output

unit (23) outputs information based on a determination
result by the determination unit (22).

EXERCISE LOAD DETERMINATION METHOD AND EXERCISE LOAD DETERMINATION
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Description
Technical Field

[0001] The present invention relates to an exercise
load determination method and an exercise load deter-
mination device.

Background Art

[0002] In recent years, lifestyle-related diseases
caused by daily living habits like diet, smoking and drink-
ing have grown into serious problems. Particularly, obes-
ity that raises the risk of lifestyle-related diseases is often
cited as causing numerous diseases, and various meas-
ures to prevent or ameliorate obesity have been studied.
As a measure to prevent or ameliorate obesity, it is de-
sirable to efficiently bum fat.

[0003] Acetone thatis released through the expired air
and skin is one of metabolic products generated in con-
nection with fat burning and decomposition, and known
to be produced in blood and then excreted to the outside
of a body as expired gas or skin gas through the lungs
or skin. Acetone is significantly effective to objectively
grasp afatburning state, anditis expected as anindicator
that specifies the effects of measures to prevent or amel-
iorate obesity. For example, a method that determines
an exercise load such as exercise intensity which is the
most appropriate for fat burning by measuring the breath
acetone concentration during exercise is disclosed. The
exercise load is a load by physical exercise such as
sports.

[0004] Patent Literature 1 discloses a method that sets
the exercise intensity at which the breath acetone con-
centration starts increasing during exercise to V(%), and
determines the exercise intensity V-20(%) to V+30(%)
for ordinary people who are not athletes and the exercise
intensity V-6.5(%) to V+40(%) for athletes as the exercise
intensity which is the most appropriate for fat burning.
Further, Patent Literature 2 discloses a method that de-
termines the exercise load which is the most appropriate
for fat burning from a rate of change of the breath acetone
concentration during exercise when the exercise load
changes.

[0005] Further, in the fields of sports science and ki-
nesiology, a cardiopulmonary exercise test is conducted
with a subject under a doctor’s supervision to calculate
an anaerobic threshold (AT) and a respiratory compen-
sation point (RC) at which the exercise load which is the
most appropriate for fat burning is reached. This cardi-
opulmonary exercise test measures the concentration of
oxygen and carbon dioxide contained in expired air and
inspired air during exercise by using a continuous expired
gas analysis device.
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Citation List
Patent Literature
[0006]

PTL1: Japanese Unexamined Patent Publication
No. 2010-268864

PTL2: Japanese Unexamined Patent Publication
No. 2012-11133

Summary of Invention
Technical Problem

[0007] Both of the techniques described in the above-
described patent literatures measure expired air during
exercise. When measuring the acetone concentration
during exercise, there is a case where a difference in
exercise load is almost not reflected on the acetone con-
centration. Specifically, because the techniques de-
scribed in the above-described patent literatures use a
measured value during exercise when the acetone con-
centration does not significantly change, it is not possible
to determine whether variation in the acetone concentra-
tion is due to fat burning or just a measurement error.
Thus, the techniques described in the above-described
patent literatures have a problem that it is difficult to ac-
curately determine the most appropriate exercise load.

[0008] Further, in order to conduct the cardiopulmo-
nary exercise test described above, a doctor’s supervi-
sion is required, and further knowledge and know-how
about exercise physiology and a large-sized measure-
ment device like a continuous expired gas analysis de-
vice are required, and therefore there is a problem that
it is not possible to easily and readily conduct the test by
anyone regardless of time and place.

[0009] The present invention has been accomplished
to solve the above problems and an object of the present
invention is thus to provide an exercise load determina-
tion method and an exercise load determination device
that can easily and accurately determine whether an ex-
ercise load is appropriate or not.

Solution to Problem

[0010] Anexercise load determination method accord-
ing to one embodiment of the present invention includes
afirst acetone concentration acquisition step of acquiring
first acetone concentration value being concentration
value of acetone released from a subject before exercise
of the subject, a second acetone concentration acquisi-
tion step of acquiring second acetone concentration val-
ue being concentration value of acetone released from
the subject after a specified period of time from an end
of the exercise by the subject, a determination step of
calculating a comparison value between the first acetone
concentration value acquired in the first acetone concen-
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tration acquisition step and the second acetone concen-
tration value acquired in the second acetone concentra-
tion acquisition step, comparing the comparison value
with a preset threshold, and determining whether an ex-
ercise load of the exercise is appropriate for the subject,
and an output step of outputting information based on a
determination result in the determination step.

[0011] An exercise load determination device accord-
ing to one embodiment of the present invention includes
a first acetone concentration acquisition means config-
ured to acquire first acetone concentration value being
concentration value of acetone released from a subject
before exercise of the subject, a second acetone con-
centration acquisition means configured to acquire sec-
ond acetone concentration value being concentration
value of acetone released from the subject after a spec-
ified period of time from an end of the exercise by the
subject, a determination means configured to calculate
a comparison value between the first acetone concen-
tration value acquired by the first acetone concentration
acquisition means and the second acetone concentration
value acquired by the second acetone concentration ac-
quisition means, compare the comparison value with a
preset threshold, and determine whether an exercise
load of the exercise is appropriate for the subject, and
an output means configured to output information based
on a determination result by the determination means.
[0012] In the above-described exercise load determi-
nation method and exercise load determination device
according to one embodiment of the present invention,
because the determination is made using the acetone
concentration value after a specified period of time has
elapsed from the end of the exercise by the subject, which
is the timing when fat burning is noticeably reflected on
the acetone concentration value, it is possible to accu-
rately determine whether the exercise load is appropriate
or not. Further, in the exercise load determination method
and the exercise load determination device according to
one embodiment of the present invention, because the
determination is made based on the acetone concentra-
tion measured before and after the exercise of the sub-
ject, it is possible to easily determine whether the exer-
cise load is appropriate or not compared with the case
of performing a cardiopulmonary exercise test.

[0013] Further, in the exercise load determination
method according to one embodiment of the present in-
vention, the specified period of time may be set in ac-
cordance with the exercise performed or information
about a dietary intake condition of the subject. In this
case, the second acetone concentration value at the tim-
ing when fat burning is reflected on the acetone concen-
tration value can be acquired.

[0014] The exercise load determination method ac-
cording to one embodiment of the present invention may
further include a first measurement step of measuring
the first acetone concentration value from the subject,
and a second measurement step of measuring the sec-
ond acetone concentration value from the subject, and
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the first acetone concentration acquisition step may ac-
quire the first acetone concentration value measured in
the first measurement step, and the second acetone con-
centration acquisition step may acquire the second ace-
tone concentration value measured in the second meas-
urement step. In this case, itis possible to reliably acquire
the first acetone concentration value and the second ac-
etone concentration value.

[0015] In the exercise load determination method ac-
cording to one embodiment of the present invention, the
firstacetone concentration value and the second acetone
concentration value may be the acetone concentration
measured based on a gas component produced from at
least any one of expired air, mucosa and skin of the sub-
ject. In this configuration, because the acetone concen-
tration value is measured based on the acetone that is
released from a subject, it is possible to measure the
acetone concentration that is appropriate for determining
whether the exercise load of the subject is appropriate
or not.

[0016] In the exercise load determination method ac-
cording to one embodiment of the present invention, the
output step may output information about an exercise
load of exercise to be performed next time as the infor-
mation based on a determination result. In this configu-
ration, because information about the exercise load of
exercise to be performed next time based on a result of
determining whether the exercise load of the subject is
appropriate or not is output, it is possible to output useful
information for the subject.

[0017] In the exercise load determination method ac-
cording to one embodiment of the present invention, the
information about an exercise load of exercise to be per-
formed next time may be information about necessity of
a change of an exercise load of the exercise performed
by the subject. In this case, it is possible to output infor-
mation that notifies the subject of whether itis necessary
to change the current exercise load of exercise.

[0018] The exercise load determination method ac-
cording to one embodiment of the present invention may
further include an exercise load acquisition step of ac-
quiring exercise load information being information indi-
cating an exercise load during the exercise, and the de-
termination step may determine whether the exercise
load of the exercise is appropriate for the subject based
on the comparison result and the exercise load informa-
tion. In this case, because the determination is made in
consideration of the current exercise load, it is possible
to make determination by taking the exercise load of the
subject into consideration compared with the case of de-
termining whether the exercise load is appropriate based
only on the comparison result of the acetone concentra-
tion.

[0019] In the exercise load determination method ac-
cording to one embodiment of the present invention, the
exercise load information may be information based on
atleastone of arating of perceived exertion of the subject
and a heart rate of the subject. In this case, it is possible
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to determine whether the exercise load is appropriate or
not by using information about the exercise intensity of
the subject as the exercise load information.

[0020] In the exercise load determination method ac-
cording to one embodiment of the present invention, the
threshold may be any one of a value based on statistical
information, a value based on a weight loss target of the
subject, a value based on a past acetone concentration
measurement history of the subject, a value based on
determination information by an exercise trainer or a doc-
tor a value based on physical condition information of the
subject, and a value based on an exercise load of exer-
cise performed and a dietary intake status of the subject
before exercise. In this case, because the comparison
can be made based on a threshold in accordance with
the purpose or the current status of a subject, itis possible
to accurately determine whether the exercise load is ap-
propriate or not.

Advantageous Effects of Invention

[0021] According to one embodiment of the present
invention, itis possible to easily and accurately determine
whether an exercise load is appropriate or not.

Brief Description of Drawings
[0022]

Fig. 1 is a view showing a system configuration ac-
cording to an embodiment of the present invention.
Fig. 2 is a view showing a hardware configuration
according to an embodiment of the present inven-
tion.

Fig. 3is a view showing an example of measurement
results of breath acetone concentration before exer-
cise, during exercise and after exercise when exer-
cise intensity changes.

Fig. 4 is a view showing an example of measurement
results of breath acetone concentration before exer-
cise, during exercise and after exercise with and
without dietary intake.

Fig. 5 is a flowchart according to a first embodiment.
Fig. 6is aflowchart according to a second alternative
example.

Description of Embodiments

[0023] Embodiments of the present invention are de-
scribed hereinafter with reference to the drawings. Note
that, where possible, the same elements are denoted by
the same reference numerals and redundant description
thereof is omitted.

<First embodiment>

[0024] Fig. 1 shows an exercise load determination de-
vice 1 according to a first embodiment of the present
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invention. The exercise load determination device 1 is a
device that makes determination about whether an ex-
ercise load of the exercise of a subject is appropriate for
the subject or not. The term "appropriate" means that an
exercise load of the exercise performed by a subject is
sufficient to burn fat and matches the athletic ability of
the subject, for example. Note that, however, the appro-
priateness may be defined from another point of view
depending on the purpose of the exercise.

[0025] As shown in Fig. 1, the exercise load determi-
nation device 1 according to this embodiment includes
an acetone concentration measurement device 10 and
an information processing device 20. The acetone con-
centration measurement device 10 is a means of meas-
uring the concentration of acetone released from a sub-
ject.

[0026] The acetone concentration measurement de-
vice 10 and the information processing device 20 are
connected by wired or wireless communications and can
transmit and receive information to and from each other.
The acetone concentration measurement device 10 out-
puts the measured acetone concentration value to the
information processing device 20.

[0027] The acetone concentration measurement de-
vice 10 is portable measuring instrument with which
measurements can be carried out easily at a fitness cent-
er, home or away from home, for example (cf. e.g., T.
Toyooka et al., J. Breath Res., vol.7, 036005, 2013).
[0028] The acetone concentration measurement de-
vice 10 includes an expired air detection sensor that de-
tects the expired air of a subject, an acetone detection
sensor that detects acetone from the expired air, an ac-
etone concentration calculation circuit that calculates the
concentration value of acetone from a detection result of
the acetone detection sensor, and a transmitting means
thattransmits the acetone concentration value calculated
by the acetone concentration calculation circuit to the
information processing device 20. The acetone concen-
tration measurement device 10 according to the present
invention is not limited to have the above configuration,
and it may have a configuration that does not include the
acetone concentration calculation circuit that calculates
the concentration value of acetone from a detection result
of the acetone detection sensor, and transmits a detec-
tion result of the acetone detection sensor (sensor signal
data) to another device such as the information process-
ing device 20.

[0029] In the acetone concentration measurement de-
vice 10, the expired air detection sensor detects the ex-
pired air of a subject, the acetone detection sensor de-
tects acetone from the expired air, the acetone concen-
tration calculation circuit calculates the acetone concen-
tration based on a detection result of acetone, and the
transmitting means transmits the acetone concentration
value to the information processing device 20. In this
manner, the acetone concentration measurement device
10 outputs the concentration value of acetone released
from a subject through the expired air of the subject to
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the information processing device 20. The acetone con-
centration measurement device 10 measures the con-
centration value of acetone released from a subject be-
fore the exercise of the subject (first acetone concentra-
tion value) and the concentration value of acetone re-
leased from the subject after a certain period of time from
the end of the exercise of the subject (at the timing when
fat burning is reflected on the acetone concentration val-
ue) (second acetone concentration value).

[0030] To be specific, a subject blows expired air to
the acetone concentration measurement device 10 be-
fore exercise. In response thereto, the acetone concen-
tration measurement device 10 calculates the first ace-
tone concentration value from the expired air and stores
the first acetone concentration value into a storage
means included in the acetone concentration calculation
circuit. Alternatively, the acetone concentration meas-
urement device 10 may transmit the calculated first ac-
etone concentration value to the information processing
device 20 without storing itinto the acetone concentration
calculation circuit.

[0031] Then, when a specified period (a set period of
time) has elapsed after the subject ends the exercise,
the subject blows expired air to the acetone concentration
measurement device 10 again, and in response thereto,
the acetone concentration measurement device 10 cal-
culates the second acetone concentration value from the
expired air and transmits the first acetone concentration
value and/or the second acetone concentration value to
the information processing device 20.

[0032] In the case where the acetone concentration
measurement device 10 is portable, a subject can easily
carry the acetone concentration measurementdevice 10,
and it is possible to measure the acetone concentration
value not only before and during the exercise of the sub-
ject but also after the lapse of a specified period (a set
period of time) from the end of the exercise, without need
for a complicated operation (for example, the subject
goes out of the way to the acetone concentration meas-
urement device connected to an exercise machine).
[0033] The information processing device 20 performs
information processing based on the information re-
ceived from the acetone concentration measurement de-
vice 10 and thereby makes determination about whether
an exercise load of the exercise of a subjectis appropriate
for the subject or not. To be specific, the information
processing device 20 corresponds to a device such as
server device, a work station, a PC (Personal Computer)
and a portable terminal. In the information processing
device 20, each function, which is described later, is im-
plemented as a result that those components operate by
a program or the like. Note that, although the information
processing device 20 is one device in this embodiment,
it may be an information processing system where a plu-
rality of information processing devices (for example, a
portable terminal and a server device etc.) are connected
with each other via a network.

[0034] Fig. 2 shows a hardware configuration of the
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information processing device 20. As shown in Fig. 2,
the information processing device 20 is physically con-
figured as a computer system that includes one or a plu-
rality of CPU 201, a RAM 202 and a ROM 203 which are
a main storage device, an input device 204 such as a
keyboard and a mouse, an output device 205 such as a
display, a communication module 206 which is a data
transmitting and receiving device such as a network card,
an auxiliary storage device 207 such as a semiconductor
memory and the like. The information processing device
20 is implemented by loading given computer software
onto hardware such as the CPU 201 or the RAM 202
shown in Fig. 2, making the input device 204, the output
device 205 and the communication module 206 operate
under control of the CPU 201, and performing reading
and writing of data in the RAM 202 and the auxiliary stor-
age device 207.

[0035] Referring back to Fig. 1, the information
processing device 20 includes an acquisition unit 21 (first
acetone concentration acquisition means and second ac-
etone concentration acquisition means) that acquires
various information, which is described later, a determi-
nation unit 22 (determination means) that makes deter-
mination based on information acquired by the acquisi-
tion unit 21, and an output unit 23 (output means) that
outputs a determination result by the determination unit
22.

[0036] The acquisition unit 21 acquires the first ace-
tone concentration value and the second acetone con-
centration value by receiving them from the acetone con-
centration measurement device 10. Further, the acquisi-
tion unit 21 acquires an arbitrary exercise load value (for
example, exercise intensity and exercise time) input by
a subject or the like using the input device 204 and infor-
mation about the dietary intake status of the subject (for
example, information indicating whether the subject is
fasting or not). The exercise load value may be input after
exercise (the exercise load value of the exercise already
performed) or may be input before exercise (the exercise
load value of the exercise to be performed). The acqui-
sition unit 21 outputs the timing of measuring the second
acetone concentration value based on the exercise load
value and the information about the dietary intake status
of the subject.

[0037] The acquisition unit 21 stores information in
which the exercise load value, the information about the
dietary intake status of the subject, and the information
about the timing of measuring the second acetone con-
centration value are associated with one another, and
specifies the information about the timing of measuring
the second acetone concentration value corresponding
to the exercise load value and the information about the
dietary intake status of the subject, and outputs the in-
formation about the timing of measuring the second ac-
etone concentration value. The information about the tim-
ing of measuring the second acetone concentration value
is information about the timing when fat burning is reflect-
ed on acetone concentration value, and it is the elapsed
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time from the end of exercise, for example.

[0038] Fig. 3 shows an example of measurement re-
sults, for each exercise intensity, of the breath acetone
concentration from before to after exercise when a sub-
ject performs bicycle ergometer exercise in the state of
not fasting. Fig. 3 shows the average of variation of the
breath acetone concentration due to the exercise by eight
healthy adults being tested in the case where the exercise
intensity is high (for example, when exercise is performed
for 60 minutes at an exercise load of AT value+1/3XRC
value), the case where the exercise intensity is moderate
(for example, when exercise is performed for 60 minutes
at an exercise load of AT value) and the case where the
exercise intensity is low (for example, when exercise is
performed for 60 minutes atan exercise load of AT value-
1/3XRC). In the graph of Fig. 3, the horizontal axis indi-
cates the time axis from before the start of exercise to
180 minutes after the end of exercise, and the vertical
axis indicates the breath acetone concentration value of
the subject.

[0039] As shown in Fig. 3, in the case of the moderate
exercise intensity, the time when the acetone concentra-
tion value becomes higher than 1.0ppm is 90 minutes
after the exercise on average, whereas, in the case of
the high exercise intensity, the time when the acetone
concentration value becomes higher than 1.0ppm is 75
minutes after the exercise on average. Further, in the
case of the low exercise intensity, the time when the ac-
etone concentration value becomes higher than 1.0ppm
is 150 minutes after the exercise on average.

[0040] Thus, a specified time from the end of exercise
(the measurement timing of the second acetone concen-
tration value) when the burning of the fat of the subject
is noticeably reflected on the breath acetone concentra-
tion varies to be shorter or longer in accordance with the
level of an exercise load.

[0041] Fig. 4 shows an example of measurement re-
sults of the breath acetone concentration before exer-
cise, during exercise and after exercise with and without
dietary intake. Fig. 4 shows the average of variation of
the breath acetone concentration value due to the bicycle
ergometer exercise by eight healthy adults being tested
in the case of the fasting state where six hours or more
have elapsed from the last meal and the case where one
had a meal within three hours before the start of meas-
urement. In the graph of Fig. 4, the horizontal axis indi-
cates the time axis from before the start of exercise to
180 minutes after the end of exercise, and the vertical
axis indicates the breath acetone concentration value of
the subject.

[0042] AsshowninFig.4,inthe case where the subject
performs the bicycle ergometer exercise at an exercise
load of AT value for 60 minutes when the subject is fast-
ing, the time when the acetone concentration value be-
comes higher than 1.0 ppm is 60 minutes after the exer-
cise on average, whereas, in the case where the subject
had a meal within three hours before the start of meas-
urement, it is 90 minutes after the exercise.
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[0043] Thus, a specified time from the end of exercise
(the measurement timing of the second acetone concen-
tration value) when the burning of the fat of the subject
is noticeably reflected on the breath acetone concentra-
tion value varies to be shorter or longer in accordance
with the dietary intake status before the start of meas-
urement. Note that, as shown in Figs. 3 and 4, the fat
burning during exercise is not noticeably reflected on the
breath acetone concentration, and the variation of the
concentrationis only alittle in any conditions with different
exercise loads and dietary intake status.

[0044] Based on the above, the acquisition unit 21
stores information about the timing when fat burning is
noticeably reflected on the acetone concentration value
(for example, information about a recommended meas-
urement time after the end of exercise) which is deter-
mined based on the exercise load of the exercise per-
formed or the dietary intake status before exercise, and
outputs to display the information about the timing at a
point of time after the exercise of the subject (for example,
at a point of time when the exercise load of the exercise
performed is input after the exercise of the subject) and
notifies the subject of the timing of measuring the acetone
concentration value after the end of exercise. It then
prompts the subject to measure the second acetone con-
centration value based on that tiring. The acquisition unit
21 can thereby acquire, from the acetone concentration
measurement device 10, the second acetone concentra-
tion value that is measured the timing when fat burning
is noticeably reflected on the acetone concentration val-
ue.

[0045] The determination unit 22 acquires the first ac-
etone concentration value, the second acetone concen-
tration value and the exercise load value from the acqui-
sition unit 21, calculates the variation from the first ace-
tone concentration value to the second acetone concen-
tration value, compares the variation with a preset thresh-
old, and determines whether the exercise load of the ex-
ercise performed by the subject is appropriate for that
subject or not based on the comparison result and the
exercise load value. The variation is a difference value
between the first acetone concentration value and the
second acetone concentration value (which is a value
obtained by subtracting the first acetone concentration
value from the second acetone concentration value in
this example). Note that it may be any value that repre-
sents a result of comparison, such as aratio, forexample.
Specifically, it may be any value that compares the first
acetone concentration value and the second acetone
concentration value (comparison value).

[0046] Thethresholdthatis presetin the determination
unit 22 is the variation of the acetone concentration value
at which a certain degree of fat burning effect is expected,
and it may be a value on the basis of statistical informa-
tion, a value determined by a subject in accordance with
his/her weight loss target, a value determined based on
the past acetone concentration measurement history of
a subject, a value determined under the judgment of a
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third person like an exercise trainer or a doctor, or an
arbitrary value according to the physical condition or the
like. To be specific, the value on the basis of statistical
information is the average of the acetone concentration
variation in a subject who has successfully lost weight,
for example. Further, when the weight loss target of a
subject is BMI (body mass index) 22, for example, the
average of the acetone concentration variation of a per-
son who keeps the BMI can be a preset threshold. Then,
the average of the acetone concentration variation of that
subject can be found by referring to the past acetone
concentration measurement history of the subject, and
a value larger than that average (for example, twice the
average) can be a preset threshold. Note that a threshold
may be arbitrarily set based on the knowledge and ex-
perience of a specialist like an exercise trainer oradoctor,
and the set threshold may be fine-adjusted depending
on the physical condition of a subject on the day of ex-
ercise.

[0047] Then, the determination unit 22 determines out-
put information based on a result of the determination.
Forexample, the determination unit 22 determines to out-
put information about the next exercise load of a subject
based on the determination result (or as the determina-
tion result). To be specific, the determination unit 22 de-
termines to output information about increase or de-
crease of the exercise load in comparison with the current
exercise load (for example, information indicating to in-
crease the exercise load of the next time to be higher
than that of this time) as the information about the next
exercise load. Then, the determination unit 22 may de-
termine to output information about increase or decrease
of the exercise intensity only, information about increase
or decrease of the exercise time only, or information
about increase or decrease of both the exercise intensity
and the exercise time, as the information about increase
or decrease of the exercise load. In this case, the deter-
mination unit 22 determines information to be output in
accordance with a divergence between the measured
acetone concentration variation and the threshold or the
like. A specific way of determining output information by
the determination unit 22 is described later.

[0048] The output unit 23 outputs the information de-
termined by the determination unit 22. Further, when the
acetone concentration measurementdevice 10 has adis-
play means (for example, a display), the output unit 23
may transmit information on the basis of the determina-
tion result so that the display means of the acetone con-
centration measurement device 10 outputs it. The output
unit23 may transmit the information to a portable terminal
of a subject, an exercise trainer, a doctor or the like
through a network so that the information on the basis of
the determination result is displayed on the display
means of the portable terminal. In this manner, by dis-
playing the determination result on various devices, the
exercise load determination device 1 can achieve "visu-
alization" of fat burning effect of the exercise to the sub-
ject.
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[0049] A process and an operation (exercise load de-
termination method) performed in the exercise load de-
termination device 1 according to this embodiment are
described hereinafter with reference to Fig. 5. In the ex-
ercise load determination device 1 according to this em-
bodiment, the acetone concentration value (the first ac-
etone concentration value) in the expired air of a subject
is measured by the acetone concentration measurement
device 10 before the exercise of the subject (Step S1,
first measurement step). Then, the subject performs ar-
bitrary exercise.

[0050] After the exercise of the subject, the acquisition
unit 21 receives input of information about the exercise
load of the subject and stores the information about the
exercise load (Step S2, exercise load acquisition step).
In this embodiment, as the information about the exercise
load of the subject, the current rating of perceived exer-
tion (RPE value) is input. Note that, when the subject
performs the process of the exercise load determination
method for the first time, it is preferred to begin with a
low exercise load (for example, the RPE value (Borg
scale) indicating an exercise load is about 10); however,
one may begin with an exercise load corresponding to
an arbitrary value. The RPE is the way of estimating a
rating of perceived exertion by the determination of a
subject among fifteen levels from 6 to 20 (which is called
Borg scale) to indicate how tough the current exercise is
based on the subjective view of the subject. When the
value of RPE is large, it means that the exercise load
which the subject perceives as tough is imposed, and
when the value of RPE is small, it means that the subject
does not perceive the exercise as too tough.

[0051] Note that, as another scale indicating the exer-
cise intensity, METs (Metabolic equivalents), which is 1
in the resting state, can be used, and the intensity list
from daily life activities to vigorous exercises is issued
by the Incorporated Administrative Agency, National In-
stitute of Health and Nutrition. Besides, as a measure of
exercise intensity, an index on the basis of heart rate
(HR) (for example, a heart rate during exercise/maximum
heart rate) or the like may be used, for example.

[0052] Then, after a specified period has elapsed from
the exercise of the subject, the acetone concentration
value (the second acetone concentration value) in the
expired air of the subject is measured by the acetone
concentration measurement device 10 (Step S3, second
measurement step). Note that the acetone concentration
measurement device 10 stores the acetone concentra-
tion value measured in Step S1 and Step S3in a storage
means. Then, when the first acetone concentration value
and the second acetone concentration value are trans-
mitted from the acetone concentration measurement de-
vice 10, the acquisition unit 21 of the information process-
ing device 20 acquires the first acetone concentration
value and the second acetone concentration value (Step
S4, first acetone concentration acquisition step and sec-
ond acetone concentration acquisition step). The deter-
mination unit 22 of the information processing device 20
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compares the variation between the acetone concentra-
tion value before the exercise and the acetone concen-
tration value after the lapse of a specified period from the
exercise acquired by the acquisition unit 21 with a thresh-
old (Step S5, determination step).

[0053] Then, the determination unit 22 determines
whether the variation of the acetone concentration value
before and after the exercise is larger than a predeter-
mined threshold or not (Step S6, determination step),
and further determines whether the exercise load of the
exercise performed by the subject is appropriate for that
subject or not based on a comparison result between the
variation and the threshold and the RPE value by refer-
ring to the current RPE value to thereby determine the
output information (Step S7, Step S10, determination
step). The output unit 23 outputs information about the
exercise load to be performed by the subject next time
as the output information determine by the determination
unit 22 based on the comparison result and the current
RPE value. To be specific, the determination unit 22 and
the output unit 23 perform the following output processing
steps (1) to (4) based on the determination result in Step
S6 and the current RPE value.

(1) When "threshold" < "measured acetone concen-
tration variation" and when there is no remaining ca-
pacity for RPE (Yes in Step S6; No in Step S10)

In this case, because the acetone concentration val-
ue variation is equal to or more than a threshold, a
certain degree of fat burning effect is expected. Fur-
ther, because it is unable to keep up with the higher
exercise load in terms of RPE also, the current ex-
ercise load is estimated to be appropriate. Based on
this estimation, the determination unit 22 determines
that the exercise load of the exercise performed by
the subject is appropriate for the subject, and deter-
mines to output information indicating that the same
exercise load as in this time is to be applied next
time. Then, the output unit 23 outputs the output in-
formation determined by the determination unit 22
(Step S12, output step), and the process ends. The
case where there is no remaining capacity for RPE
is when the RPE value is equal to or larger than the
appropriate exercise value (about RPE 12 to 14) of
the subject which is prestored in the determination
unit 22.

(2) When "threshold" < "measured acetone concen-
tration value variation" and when there is remaining
capacity for RPE (Yes in Step S6; Yes in Step S10)
In this case, because the acetone concentration val-
ue variation is equal to or more than a threshold, a
certain degree of fat burning effectis expected. How-
ever, because there is remaining capacity for RPE,
it is considered that the current exercise load is not
necessarily appropriate. Thus, the determination
unit 22 determines to output information, indicating
to increase the exercise load of the next time to be
higher than this time. Then, the output unit 23 outputs
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the output information determined by the determina-
tion unit 22 (Step S11, output step), and the process
returns to Step S1. The case where there is remain-
ing capacity for RPE is when the RPE value is smaller
than the appropriate exercise value (about RPE 12
to 14) of the subject.

(3) When "threshold" > "measured acetone concen-
tration value variation" and when RPE is sufficiently
high (No in Step S6; Yes in Step S7)

In this case, because the acetone concentration val-
ue variation is less than a threshold, and no sufficient
fatburning effect can be expected. RPE is sufficiently
high, and it is estimated that the subject is in the
overload state. Thus, the determination unit 22 de-
termines the exercise load of the exercise performed
by the subject is not appropriate for the subject, and
determines to output information indicating to de-
crease the exercise load of the next time to be lower
than this time. Then, the output unit 23 outputs the
output information determined by the determination
unit 22 (Step S8, output step), and the process re-
turns to Step S1. The case where RPE is sufficiently
high is when the RPE value exceeds the appropriate
exercise value (about RPE 12 to 14) of the subject
which is prestored in the determination unit 22.

(4) When "threshold" > "measured acetone concen-
tration variation" and when RPE is not high (No in
Step S6; No in Step S7)

In this case, because the acetone concentration val-
ue variation is less than a threshold, no sufficient fat
burning effect can be expected and further RPE can
be still higher, the determination unit 22 determines
the exercise load of the exercise performed by the
subject is not appropriate for the subject, and deter-
mines to output information indicating to increase
the exercise load of the next time to be higher than
this time. Then, the output unit 23 outputs the output
information determined by the determination unit 22
(Step S9, output step), and the process returns to
Step S 1. The case where RPE is not high is equal
to the case where there is remaining capacity for
RPE.

[0054] In this manner, according to the exercise load
determination method described above, information that
encourages the adjustment of an exercise load is output
to prompt a subject to repeat the adjustment of the ex-
ercise load several times, thereby achieving the most
appropriate exercise load. Note that, even when the most
appropriate exercise load is determined, the exercise
load determination method according to the present in-
vention may be applied again when performing the ex-
ercise next time. In other words, the acetone concentra-
tion before and after exercise may be measured every
time performing the exercise. This is because the toler-
ance to the exercise load increases by repeating the
same exercise, which makes it difficult to burn the fat
without knowing, and further the dietary intake status and
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the physical conditions are often different day by day.
[0055] Note that, although RPE is used in the above-
described example, it is not limited thereto, and an index
on the basis of the above-described HR may be used
instead of the RIPE value, or an index on the basis of HR
may be used in addition to the RPE value.

<alternative example 1>

[0056] An alternative example 1 of the present inven-
tion is described hereinafter. In the above-described em-
bodiment, the case where an arbitrary value of exercise
load is input is described; however, in the alternative ex-
ample 1, the information processing device 20 encour-
ages a subject to perform exercise at a low exercise load
before the first exercise (for example, at the measure-
ment of the first acetone concentration value). The low
exercise load is an exercise load that is lower than an
appropriate exercise value, for example. In this case, be-
cause the information processing device 20 begins with
a low exercise load and gradually increases the exercise
load, the determination on RPE (Steps S7 and S10 in
the flowchart of Fig. 5) is not necessary, which enables
simplification of the process.

[0057] In the alternative example 1, the following
processing is performed in the branch of Step S6 in the
flowchart of Fig. 5. When the determination unit 22 de-
termines that "threshold" < "measured acetone concen-
tration variation", the determination unit 22 determines
that the exercise load of the exercise performed by the
subject is appropriate for the subject, and determines to
output information indicating that the same exercise load
as in this time is to be applied next time. Then, the output
unit 23 outputs the output information determined by the
determination unit 22. This is because the acetone con-
centration variation is equal to or more than a threshold,
a certain degree of fat burning effect is expected, and it
is thus estimated that the current exercise load is appro-
priate.

[0058] On the other hand, when the determination unit
22 determines that"threshold" >"measured acetone con-
centration variation", the determination unit 22 deter-
mines that the exercise load of the exercise performed
by the subject is not appropriate for the subject, and de-
termines to output information indicating to increase the
exercise load of the next time to be higher than this time.
Then, the output unit 23 outputs the output information
determined by the determination unit 22. This is because
the acetone concentration variation is less than a thresh-
old, and no sufficient fat burning effect can be expected.

<Alternative example 2>

[0059] An alternative example 2 is described hereinaf-
ter. In the alternative example 2, when the variation is
more than a threshold, information indicating to decrease
the exercise load is output. Itis thereby possible to avoid
excessive exercise of a subject, and modify the exercise
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load so that the measured acetone concentration varia-
tion becomes substantially the same as the threshold.
[0060] Fig. 6 shows a flowchart of a process of the
alternative example 2. The processing of Steps S21 to
S25 is the same as the processing of Steps S1 to S5 of
the flowchart of Fig. 5, respectively, and thus not redun-
dantly described.

[0061] After Step S25, the determination unit 22 deter-
mines a comparison result between the acetone concen-
tration value variation before and after exercise and a
predetermined threshold (Step S26, determination step).
When the determination unit 22 determines that the ac-
etone concentration variation before and after exercise
is more than the equal range of the predetermined thresh-
old, it determines that the exercise load of the exercise
performed by the subject is not appropriate for the sub-
ject, and determines to output information indicating to
decrease the exercise load next time. The equal range
of the threshold indicates a certain range including the
threshold, and information about this range is stored in
the determination unit 22. The output unit 23 outputs the
output information determined by the determination unit
22 (Step S27, output step), and the process returns to
Step S21. The information processing device 20 can
thereby encourage the subject to avoid excessive exer-
cise.

[0062] In Step S26, when the determination unit 22 de-
termines that the acetone concentration value variation
before and after exercise is less than the equal range of
the predetermined threshold, it determines that the ex-
ercise load of the exercise performed by the subject is
not appropriate for the subject, and determines to output
information indicating to increase the exercise load next
time. The output unit 23 outputs the output information
determined by the determination unit 22 (Step S28, out-
put step), and the process returns to Step S21. The in-
formation processing device 20 can thereby encourage
the subject to change the exercise load to enhance the
fat burning effect.

[0063] In Step S26, when the determination unit 22 de-
termines that the acetone concentration value variation
before and after exercise is equal to the threshold (in-
cludedinthe equalrange), itdetermines thatthe exercise
load of the exercise performed by the subject is appro-
priate for the subject, and determines to output informa-
tion indicating that the same exercise load as in this time
is to be applied next time. The output unit 23 outputs the
output information determined by the determination unit
22 (Step S29, output step) and the process ends.

<Alternative example 3>

[0064] Inthe above-described embodiment, the acqui-
sition unit 21 specifies information about the measure-
ment timing after exercise when fat burning is noticeably
reflected on the breath acetone concentration based on
the load of exercise performed by a subject and informa-
tion about the dietary intake status before exercise. Then,
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the acquisition unit 21 outputs the specified measure-
ment timing information and prompts the subjectto meas-
ure the acetone concentration value after exercise based
on the output measurement timing information. In the al-
ternative example 3, thresholds in accordance with the
load of exercise performed and information about the di-
etary intake status before exercise at the fixed measure-
ment timing (for example, 60 minutes after the end of
exercise) are stored in the acquisition unit 21, and a
threshold to be used for the comparison with the variation
by the determination unit 22 is determined based on the
load of exercise performed and the information about the
dietary intake status before exercise that are input and
received.

[0065] Specifically, the timing of measuring the ace-
tone concentration value after exercise is fixed regard-
less of the conditions such as the exercise load and the
dietary intake status, and a predetermined threshold is
varied instead according to the conditions. For example,
in the case of applying a high exercise load like AT val-
ue+1/3)XRC value or performing exercise in the fasting
state, the acquisition unit 21 determines a threshold to
be a larger value than the predetermined standard
threshold, and in the case of applying a low exercise load
like AT value-1/3XRC value or performing exercise not
in the fasting state, the acquisition unit 21 determines a
threshold to be a smaller value than the predetermined
standard threshold

(Advantageous effects)

[0066] Advantageous effects are described hereinbe-
low. The acquisition unit 21 acquires the first acetone
concentration value, which is the concentration of ace-
tone released from a subject before the exercise of the
subject, and the second acetone concentration value,
which is the concentration of acetone released from the
subject after a certain period of time from the end of the
exercise of the subject, and the determination unit 22
calculates a comparison value between the first acetone
concentration value and the second acetone concentra-
tion value, compares the comparison value with a preset
threshold, determine whether the exercise load of the
exercise is appropriate for the subject or not, and outputs
information based on the determination result.

[0067] Accordingtothe above-described exercise load
determination method, because the determination is
made using the acetone concentration value after a spec-
ified period of time has elapsed from the end of the ex-
ercise of the subject, which is the timing when fat burning
is noticeably reflected on the acetone concentration, it is
possible to accurately determine whether the exercise
load is appropriate or not. Further, because the determi-
nation is made based on the acetone concentration value
measured before and after the exercise of the subject, it
is possible to easily determine whether the exercise load
is appropriate or not compared with the case of perform-
ing a cardiopulmonary exercise test.
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[0068] The acetone concentration measurement de-
vice 10 measures the first acetone concentration value
and the second acetone concentration value from a sub-
ject, and the acquisition unit 21 acquires the first acetone
concentration value and the second acetone concentra-
tion value. In this case, it is possible to reliably acquire
the first acetone concentration value and the second ac-
etone concentration value.

[0069] The output unit 23 outputs information about
the exercise load of exercise to be performed next time
as information based on the determination result. Be-
cause the output unit 23 outputs information about the
exercise load to be performed next time by a subject and
thereby outputs information about the exercise load of
exercise to be performed next time based on a result of
determining whether the exercise load of the subject is
appropriate or not, it is possible to output useful informa-
tion for the subject.

[0070] In the above-described embodiment, the infor-
mation about the exercise load of exercise to be per-
formed next time is information about the necessity of a
change of the exercise load of exercise performed by a
subject (for example, information whether to increase the
exercise load next time). In this case, it is possible to
output information that notifies the subject of whether it
is necessary to change the current exercise load of ex-
ercise.

[0071] Exercise load information (for example, RPE
value), which is information indicating the exercise load
during exercise, is acquired, and itis determined whether
the exercise load of exercise is appropriate for the subject
based on the comparison result and the exercise load
information. In this case, because the determination is
made in consideration of the current exercise load, it is
possible to make determination by taking the exercise
load of the subject into consideration compared with the
case of determining whether the exercise load is appro-
priate based only on the comparison result of the acetone
concentration.

[0072] The exercise load information is information
that is based on at least one of the rating of perceived
exertion (RPE value) of a subject and the heart rate of a
subject. In this case, it is possible to determine whether
the exercise load is appropriate or not by using informa-
tion about the exercise intensity of the subject as the
exercise load information.

[0073] The timing of measuring the second acetone
concentration value is determined depending on the ex-
ercise performed or the information about the dietary in-
take condition of a subject. In this case, the second ac-
etone concentration value at the timing when fat burning
is noticeably reflected on the acetone concentration val-
ue can be acquired.

[0074] The threshold for variation may be any one of
a value on the basis of statistical information, a value on
the basis of weight loss target of a subject, a value on
the basis of the past acetone concentration measure-
ment history of a subject, a value on the basis of deter-
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mination information by an exercise trainer or a doctor,
a value on the basis of physical condition information of
a subject, and a value on the basis of the exercise load
of exercise performed and the dietary intake status of a
subject before exercise. In this case, because the com-
parison can be made based on athreshold in accordance
with the purpose or the current status of a subject, it is
possible to accurately determine whether the exercise
load is appropriate or not.

(Other embodiments)

[0075] Although the case where the acetone concen-
tration measurement device 10 measures acetone from
expired air is described in the above embodiment, skin
acetone thatis naturally released from the skin or mucosa
may be measured. Further, a part where skin acetone is
released is not particularly limited, and it may be any part
as long as skin acetone is released. In this manner, be-
cause the acetone concentration measurement device
10 measures the acetone concentration value based on
the gas component that is released from a subject, it is
possible to measure the acetone concentration that is
appropriate for determining whether the exercise load of
the subject is appropriate or not. Note that, it is known
that there is correlation between breath acetone concen-
tration value and skin acetone concentration value (cf.
e.g., C. Turner et al., Rapid Commun. Mass Spectrom.,
viol.22, pip.526-532, 2008).

[0076] Although the case where the concentration val-
ue of acetone is measured using the portable acetone
concentration measurement device 10 is described in
the above embodiment, the acetone concentration may
be measured using other various equipment capable of
measuring the acetone concentration. For example, an-
other semiconductor gas sensor, a gas chromatography
device, an ion mobility spectrometry device or the like
may be used.

[0077] Although the case where the determination unit
22 determines information about the exercise load of ex-
ercise to be performed next time and the output unit 23
outputs the information determined by the determination
unit 22 is described in the above embodiment, the deter-
mination unit 22 may compare the variation with a thresh-
old, determines whether the exercise load of the exercise
performed by a subject is appropriate for that subject,
and determine to output information about a determina-
tion result (for example, information indicating that the
exercise load of the exercise performed by a subject is
appropriate for that subject), and the output unit 23 may
output the information determined by the determination
unit 22.

[0078] Although ergometer is taken as an example of
exercise in the above-described embodiment, other ex-
ercise may be performed, such as treadmill, pressure
training or hydraulic pressure training, for example. Fur-
ther, the exercise may be jogging, walking, cycling, swim-
ming, muscle exercise or the like. Note that the type of
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exercise to be performed may be decided by a subject
or may be decided by an exercise trainer or a doctor.
Further, a plurality of types of exercise may be performed
in combination.

[0079] Although the case where information about the
acetone concentration value is transmitted from the ac-
etone concentration measurement device 10 to the in-
formation processing device 20 is described in the above
embodiment, the information processing device 20 may
request the acquisition of the acetone concentration val-
ue to the acetone concentration measurement device 10
without transmitting the acetone concentration value
spontaneously from the acetone concentration measure-
ment device 10 to the information processing device 20.
[0080] In the above-described embodiment, the exer-
cise load determination device 1 is separated into the
acetone concentration measurement device 10 and the
information processing device 20; however, the acetone
concentration measurement device 10 and the informa-
tion processing device 20 may be integrated into one
device. Further, the acetone concentration measurement
device 10 and some functions of the information process-
ing device 20 may be integrated into one device. For
example, the acetone concentration measurement de-
vice 10 and the output unit 23 may be integrated into one
device. Further, the functions of the information process-
ing device 20 may be separated into a plurality of devices.
For example, the information processing device 20 may
be separated into a device including the acquisition unit
21 and the determination unit 22 and a device including
the output unit 23.

Reference Signs List

[0081] 1...exerciseloaddeterminationdevice, 10...ac-
etone concentration measurement device, 20... informa-
tion processing device, 21...acquisition unit, 22... deter-
mination unit, 23...output unit, 201...CPU, 202...RAM,
203...ROM, 204...input device, 205...output device,
206...communication, module, 207...auxiliary storage
device

Claims
1. An exercise load determination method comprising:

a first acetone concentration acquisition step of
acquiring first acetone concentration value be-
ing concentration value of acetone released
from a subject before exercise of the subject;
asecond acetone concentration acquisition step
of acquiring second acetone concentration val-
ue being concentration value of acetone re-
leased from the subject after a specified period
of time from an end of the exercise by the sub-
ject;

adetermination step of calculatinga comparison
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value between the first acetone concentration
value acquired in the first acetone concentration
acquisition step and the second acetone con-
centration acquired value in the second acetone
concentration acquisition step, comparing the
comparison value with a preset threshold, and
determining whether an exercise load of the ex-
ercise is appropriate for the subject; and

an output step of outputting information based
on a determination result in the determination
step.

The exercise load determination method according
to Claim 1, wherein the specified period of time is
set in accordance with the exercise performed or in-
formation about a dietary intake condition of the sub-
ject.

The exercise load determination method according
to Claim 1 or 2, further comprising:

a first measurement step of measuring the first
acetone concentration value from the subject;
and

a second measurement step of measuring the
second acetone concentration value from the
subject, wherein

the first acetone concentration acquisition step
acquires the first acetone concentration value
measured in the first measurement step, and
the second acetone concentration acquisition
step acquires the second acetone concentration
value measured in the second measurement
step.

The exercise load determination method according
to any one of Claims 1 to 3, wherein

the first acetone concentration value and the second
acetone concentration value are concentration value
of acetone measured based on a gas component
produced from at least any one of expired air, mu-
cosa and skin of the subject.

The exercise load determination method according
to any one of Claims 1 to 4, wherein

the output step outputs information about an exer-
cise load of exercise to be performed next time as
the information based on a determination result.

The exercise load determination method according
to Claim 5, wherein

the information about an exercise load of exercise
to be performed next time is information about ne-
cessity of a change of an exercise load of the exer-
cise performed by the subject.

The exercise load determination method according
to any one of Claims 1 to 5, further comprising:
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an exercise load acquisition step of acquiring
exercise load information being information in-
dicating an exercise load during the exercise,
wherein

the determination step determines whether the
exercise load of the exercise is appropriate for
the subject based on the comparison result and
the exercise load information.

The exercise load determination method according
to Claim 7, wherein

the exercise load information is information based
on at least one of a rating of perceived exertion of
the subject and a heart rate of the subject.

The exercise load determination method according
to any one of Claims 1 to 8, wherein

the threshold is any one of a value based on statis-
tical information, a value based on a weight loss tar-
get of the subject, a value based on a past acetone
concentration measurement history of the subject, a
value based on determination information by an ex-
ercise trainer or a doctor, a value based on physical
condition information of the subject, and a value
based on an exercise load of exercise performed
and a dietary intake status of the subject before ex-
ercise.

10. An exercise load determination device comprising:

a first acetone concentration acquisition means
configured to acquire first acetone value con-
centration being concentration value of acetone
released from a subject before exercise of the
subject;

a second acetone concentration acquisition
means configured to acquire second acetone
concentration value being concentration value
of acetone released from the subject after a
specified period of time from an end of the ex-
ercise by the subject;

a determination means configured to calculate
a comparison value between the first acetone
concentration value acquired by the first ace-
tone concentration acquisition means and the
second acetone concentration value acquired
by the second acetone concentration acquisition
means, compare the comparison value with a
preset threshold, and determine whether an ex-
ercise load of the exercise is appropriate for the
subject; and

an output means configured to output informa-
tion based on a determination result by the de-
termination means.
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