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METABOLIC RATE MEASURING APPARATUS

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese application JP 2005-300797 filed on Oct. 14, 2005, the
content of which is hereby incorporated by reference into
this application.

FIELD OF THE INVENTION

[0002] The present invention is directed to a metabolic
rate measuring apparatus, which measures a plurality of
physiological parameters without blood sampling, and then
calculates a metabolic rate based on the plurality of physi-
ological parameters.

BACKGROUND OF THE INVENTION

[0003] There have been several methods for measuring the
metabolic rate. Indirect calorimetric methods measure the
amount of oxygen consumed in order to produce the
metabolism, instead of directly measuring the metabolic rate
itself. Among indirect calorimetry there is an open circuit
indirect calorimetric method, which measures the amount of
consumed oxygen and carbon dioxide, by putting a mask on
the subject face and by collecting the breathed air. This
method is used for measuring the variation of metabolic rate
in course of physical exercise and during rest. As wearing a
mask for a long period of time is difficult, this method is
applied for the metabolic rate measurement of a short period
of time.

[0004] For measuring the metabolic rate for a longer time,
a closed circuit indirect calorimetric metabolic rate mea-
surement method is used, which put the subject in a small
sealed chamber to measure the consumption rate of oxygen
and production rate of carbon dioxide therein. This method
is applicable to the metabolic rate measurement during rest
and sleep, which method is fewer burdens to the subject,
suitable for the measurement of longer period. There is also
another method in which the subject drinks water including
stable isotopes of hydrogen and oxygen harmless to the
human body, then the process to excreting the stable isotope
in the urine is measured to measure the energy consumption
from the intake to the excretion.

[0005] This measurement method measures the mean
energy consumption rate in the quotidian life of the subject.
In the JP-A No. 329542/2004 discloses a method for calcu-
lating the blood sugar value by means of the relationship
between the blood sugar level and parameters corresponding
to a plurality of temperature measurements derived from the
body surface and the blood oxygen level.

SUMMARY OF THE INVENTION

[0006] So far the metabolic rate measurement requires a
large apparatus, which is not easily applicable to daily
personal use by an individual.

[0007] The present invention has its primary object to
provide a method and apparatus, which facilitate and sim-
plify the metabolic rate measurement by an individual at
home.

[0008] Most calorimetric energy produced by the metabo-
lism is consumed for the temperature homeostasis, and the
redundant heat energy is released to the outside of human
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body. In other words this means that the calorimetric energy
produced by the metabolism (thermogenesis) is equal to the
sum of the calorimetric energy stored within the body (heat
reserve) and the heat released to outside (radiation). This
heat control mechanism of human body may be used for the
calculation of metabolic rate based on the heat reserve and
the heat radiation.

[0009] The metabolic rate measuring apparatus provided
according to the present invention incorporates, an environ-
mental thermometric sensor unit for measuring environmen-
tal temperature; a first position thermometric sensor unit for
measuring temperature derived from a first position on body
surface of a subject; a second position temperature acquiring
mean acquiring temperature of a second position, the second
position being different from said first position at the sub-
ject; a blood flow information acquiring mean acquiring
information about the blood flow at said first position; a
storage unit for storing the environment temperature, the
temperature derived from said first position, the temperature
of said second position, and relationship between metabolic
rate and the blood flow; a processing unit for computing the
metabolic rate by applying the environment temperature
measured by said environment thermometric sensor unit,
first position temperature measured by said first position
thermometric sensor unit, second position temperature
acquired by said second position temperature acquiring
mean, and the blood flow information acquired by said blood
flow information acquiring mean to the relationship stored in
said storage unit; and a display unit for displaying the
computational result from said processing unit.

[0010] The metabolic rate measurement apparatus accord-
ing to the present invention further incorporates, an envi-
ronment temperature sensor unit for measuring the environ-
mental temperature; a body surface contact unit for
contacting with a first position of the body surface, a
cylinder member, contacted to said body surface contact unit
and having an opening at one end; a radiation thermometric
sensor mounted in the vicinity of the other end of said
cylinder member, for measuring radiation heat from said
first position; a blood flow information acquiring mean
acquiring information about the blood flow at said first
position; a light source for emitting light of at least two
different wavelengths into the one end of said cylinder
member; a light sensor unit for detecting light interacted
with said body surface; a second position temperature
acquiring mean acquiring temperature of a second position,
the second position being different from said first position at
said body surface; a processing unit for computing the
metabolic rate by applying the environment temperature
measured by said environment thermometric sensor unit,
temperature of first position measured by said radiation
thermometric sensor unit, temperature of second position
acquired by said second position temperature acquiring
mean, and blood flow rate information acquired by said
blood flow information acquiring mean, and light detection
result detected by said light detector unit to previously
stored equation of the metabolic rate; and a display unit for
displaying output from said processing unit.

[0011] The a second position temperature acquiring mean
may be a thermometer so as to supply the output from the
thermometer to the processing unit. The a second position
temperature acquiring mean may also have an operation unit
for inputting the body temperature as numerical data. The
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first position thermometric sensor unit may also be the one
having a pad unit for placing a finger, and a temperature
sensor for measuring the temperature derived from the first
position of the finger placed on the pad unit.

[0012] According to the present invention, a simple meta-
bolic rate measurement apparatus can be achieved.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG.1 shows a schematic block diagram indicative
of the relationship between the measurements from various
sensors and the parameter derived therefrom;

[0014] FIG. 2 shows a top plan view of metabolimeter
according to the present invention;

[0015] FIG. 3 shows a top plan view of metabolimeter
according to the present invention;

[0016] FIG. 4 shows a manual input operation of numeri-
cal values;

[0017] FIG. 5 shows the operation procedure of the appa-
ratus;

[0018] FIGS. 6A, 6B, and 6C show a detailed block

diagram of a measuring unit;

[0019] FIG. 7 shows a schematic block diagram indicative
of the flow of data processing within the apparatus according
to the present invention;

[0020] FIG. 8 shows a schematic block diagram indicative
of the location of data storage within the apparatus accord-
ing to the present invention;

[0021] FIG. 9 shows a plot of the calculation value of
metabolic rate according to the present invention vs. the
metabolic rate measured by the Prior Art; and

[0022] FIG. 10 shows a plot of the calculated values of
glucose concentration according to the present invention vs.
measurements of glucose concentration by an enzymatic
electrode method.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0023] Based on the principle of human body heat control
mechanism, since the calorimetric energy produced by the
metabolism (thermogenesis) is equal to the sum of the
calorimetric energy stored within the body (heat reserve)
and the heat released to outside (radiation), the following
equation may be given:

{metabolic rate of whole body [thermogenesis])=(heat
reserve of whole body)+(heat radiation from whole

body) oY
[0024] By defining T as the temperature in the body at the
position r; of the body, T as the tissue temperature at the
body position r;, and ol as the heat capacity at the body
position ri, the heat reserve of the whole body may be the
sum of the reserve at each part of the body, and can be given
by the following equation:

Heat reserve of the whole body=%,0.,{7(r,)-T(r)} )

[0025] Equation 2 designates the amount of heat at each
part of the body, and here the arterial blood temperature at
a body depth is used as the effective value representative of
the internal body temperature, and the temperature Tc as the
effective value representative of the body tissue temperature.
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The heat capacity can be represented by o as the effective
value representative of the heat capacity of the whole body.
The term o may be a value depending on the composition,
density, and body weight of human body of each individual.
From the foregoing the heat reserve of the whole body can
be given by the following equation:

Heat reserve of whole body=0(7a-1z) (3)

[0026] The heat radiation in general is through the con-
duction, radiation, convection, and evaporation. The con-
duction and radiation may have small amount of calorimet-
ric heat when an individual is wearing clothes and can be
neglected. The evaporation may also be neglected, provided
that the temperature is controlled without perspiration in a
room. When considering therefore the heat radiation by the
convection between the body surface and the surrounding
air, The heat radiation of the whole body may be the sum of
the heat radiation from the body surface, and by defining the
skin temperature at the body surface point r; as T, external
temperature in contact with the body surface point r; as
Tous convection heat conduction rate at the body surface
point r; as B, the following equation can be given:

Heat radiation of the whole body=%p;{Ts(r;)-

T OUT(VJ‘)} G
[0027] Equation 4 considers the heat amount at each part
of body, where defining the skin temperature of the finger
T, as the effective value representative of the body surface
temperature, the room temperature Ty as the effective value
representative of the external temperature. For the convec-
tion heat conduction rate, f is defined as the effective value
representative of the convection heat conduction rate of the
entire surface area of the whole body. This f is a value
depending on the surface area and worn clothes of each
individual. The heat radiation from the whole body may be
given by the following equation:

Heat radiation from whole body=R(Trs-T%) (5)

[0028] In this preferred embodiment, the reason why a
finger is used for a part representative of the heat radiation
from the whole body is that the finger is sensitive to the
change in the ambient temperature, expresses sufficiently
largely the difference of skin temperature and radiation, as
well as has a small local heat production due to less muscle
to reflect the change in the whole body.

[0029] The metabolic rate of whole body may be given
from the equations (1), (3). and (5) as following equation:

Metabolic rate of whole body (thermogenesisj=0(7a-

Te)+p(Tes—Tx) (6)
[0030] From the conservation law of heat flow in the
finger, the incoming heat to the finger and the outgoing heat
from the finger can be thought to be in equilibrium. For the
finger tissue, Now defining the arterial temperature in depth
of the finger as Ty,. the heat conduction rate of the finger
tissue as 1, blood flow rate in the finger tissue as w,, the
specific heat of blood as ¢, convection heat conduction rate
of the finger surface as K, the conservation law of heat flow
in the finger can be given by the following equation, where
v designates to a factor of proportionality.

My oy, Tpa=Tps)=K(Tps~TR) @)

[0031] The left part indicates the heat displacement from
the artery to the tissue at the finger surface, which is also
based on the living tissue heat displacement equation by
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Penn (Pennes H. H., “Analysis of tissue and arterial blood
temperatures in the resting human forearm” J. applied physi-
ology, 1, 93-122(1948)).

[0032] Here assuming that the artery temperature in depth
of the finger TFa is in relation to the arterial blood tempera-
ture Ta, and Ty, =cTa+t, then the equation (7) may be
written as follows:

®)

(K T
= (Tps = Tr) @y +TFS/wb}— -
o

a

= m{/\

[0033] By substituting equation (8) with equation (6),
equation (9) can be yielded.

[0034] (Metabolic rate of whole body [thermogenesis])

@ (K at ()
= {X(TFS_TR)/wb+TFS/wb}+,B(TFS_TR)_‘I ¢ —
oycy T

=a(Tps — Tp)/ wp + bTps [wp + c(Tps — T) +dT. + e
a K [¢1 at

0= ——=b=——,c=f,d=-0,e=-—
oxey A oxe, o

[0035] In order to user equation (9), the relational factors
a to e must be determined, which differ from person to
person. To do this, the metabolic rate of an individual is
measured to conduct a multiple regression analysis of the
factor of each individual based on equation (9) and the
metabolic rate measurements to derive the metabolic rate.

[0036] According to the modeled equations as above, The
metabolic rate can be determined by measuring the tem-
perature of finger surface Ty as the effective value repre-
sentative of the body surface temperature, the room tem-
perature Tg, The body temperature Tc as the effective value
representative of the tissue temperature of the body. and the
blood flow rate w, then by using the proportional factors
measured separately. Tt should be noted here that although
the finger is described as a typical measuring point in the
body, any other part of the body surface is equally available.
Some exemplary measurement points of the body tissue
temperature may be selected from such as the sublingual,
infra-axillary, or rectum temperature, such that the tempera-
ture is measured on the points different from the body
temperature measurement positions as effective values rep-
resentative of the body surface temperature, in order to
obtain the temperature corresponding to the body tissue
temperature. The temperature measurement locations used
as effective value representative of the body surface tem-
perature may also include, for example, one of the limbs
instead of the finger surface.

[0037] Since the measurement of metabolic rate requires a
massive apparatus, the metabolic rate may be determined
which corresponds to the blood glucose concentration by
means of the relationship between the blood glucose con-
centration that is the source of energy, and the metabolic
rate. The relationship between the metabolic rate of whole
body and the glucose concentration may be given by the
following equation, by defining the calorimetric value pro-
duced by the glucose calorigenic production at the body part
rk as QG(1j), and the calorimetric value produced by the heat
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production from any substance other than the glucose such
as the lipids and aminoic acids as QII(r;), thus the metabolic
rate of the whole body is the calorimetric sum produced on
each body part:

(Metabolic rate of whole body [thermogenesis])=

E{QG(r)+0TI(n)} (10)
[0038] Equation (10) considers the calorimetric value of
each body part, however, when assuming that the mean
value of intracellular glucose concentration Gc of the whole
body is in proportion to the metabolic rate by the intracel-
lular glucose, the mean intracellular concentration II of a
substance other than the glucose in the whole body is in
proportion to the metabolic rate by the substrate other than
the intracellular glucose, and the factors of proportion is
designated as A and B, the metabolic rate of the whole body
may be described by the following equation:

Metabolic rate of whole body=4Ge+BIT 11)

[0039] From equations (9) and (11), the following equa-
tion can be derived:

AG =a(Tps-Tg )0, +bT g/ +c(Tpg—T)+dT +e-BI1 (12)

[0040]
measuring the finger surface temperature T as the effective

According to the foregoing modeled equations, by

value representative of body surface temperature, the room
temperature Ty, the body temperature Tc as the effective
value representative of the body tissue temperature, and the
blood flow rate w, and then by applying the proportional
factors measured separately, the metabolic rate AGc corre-
sponding to the blood glucose can be measured.

[0041] To improve the precision, consider the tissue oxy-
gen saturation. The heat radiation of the whole body is in
proportion to the amount of used oxygen, thus a proportional
expression Ge+II[O, consumption]. Tissue oxygen satu-
ration StO, means the O, consumption, therefore can be
given by the following expression:

St0,=a'Ge+b Tl (13)

[0042] From the equations (12) and (13), the following
equation (14) can be yielded.

AV —d'B o - (14
(5=

B
a(Tes —TR) [ wp +bTps [ wy +c(Tps = Tg) +dT, + e — ;SIOZ

[0043] According to the foregoing modeled equation, by
measuring the finger surface temperature T as the effective
value representative of body surface temperature, the room
temperature Ty, the body temperature Tc as the effective
value representative of the body tissue temperature, and the
blood flow rate w,, and the tissue oxygen saturation StO,,
then by applying the proportional factors measured sepa-
rately, ((ab'-a'b)/b"YGc which is the metabolic rate corre-
sponding to the blood glucose, can be measured.
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[0044] Equation (15) can be yielded by rewriting the
factors in equation (14), to calculate the glucose concentra-
tion.

G, = a(Tps — Tr)/ wp + bTrs [wp + c(Trs = Tg) + dT, +eSt0y + f (1)
( v ] a K ( v ] @
“=\av —ab oxe, 17 \ab —a'b Joye,

b b
€= (ab’ —a’b]’B’ d= _(ab’ —a’b]a

_( I3 ]b _[ b ]m’
T\l —ab ;’f__ ab —ab)o

[0045] Now the preferred embodiment of the present
invention will be described in greater details with reference
to the accompanying drawings herein below.

[0046] First, the finger surface temperature and the room
temperature may be readily measured if the thermometric
resistance or the radiation thermometer for measuring the
radiation heat is used for example. The body temperature
may be measured with an electronic thermometer equipped
with the thermometric resistor or an auditory meatus ther-
mometer using the radiation thermometer may be relatively
easily used to measure the sublingual, axilla, rectum, or
tympanic membrane temperature. The blood flow rate may
be measured with a laser blood flow meter using for example
the Doppler effect. The body temperature can also be
measured by adding a minute amount of heat to a finger to
evaluate the temperature change. The tissue oxygen satura-
tion can be measured uninvasively with a pulse oxymeter or
tissue oxygen saturation meter equipped with a feature for
determining optically oxygen saturation.

[0047] Now referring to FIG. 1, which shows a schematic
block diagram illustrating the relationship between the mea-
surements of various sensors and the parameters derived
therefrom. Now the finger surface temperature Trg is mea-
sured using a radiation thermometer and the room tempera-
ture Ty is measured with a thermistor. A thermometer
connected to the apparatus or one commercially available is
used for the measurement of body temperature Tc. The blood
flow rate w,, is calculated by measuring the photointensity I
at the wavelength in relation to the haemoglobin absorbance.
Parameters associated with the arterial blood temperature
are derived from the finger body temperature TFS and the
blood flow rate m,. Parameters associated with the haemo-
globin oxygen saturation are derived from the measurement
using absorbance A, and A, of at last two different wave-
lengths in relation to the haemoglobin absorbance.

[0048] Now referring to FIG. 2, which is a top plan view
of a metabolimeter according to the present invention. This
apparatus uses the finger cushion skin as the body surface,
however any other part of the body may be used instead,
according to the measurement principle.

[0049] The apparatus is composed of a body temperature
measuring unit 1 for measuring body temperature, and a
main body 2 for measuring the room temperature, finger
surface temperature, blood flow rate, and tissue oxygen
saturation. The body temperature measuring unit 1 and the
main body 2 are connected with a wiring 3. In the present
embodiment, the body temperature measuring unit 1 is
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connected to the main body 2, and the body temperature data
measured by the body temperature measuring unit 1 is
transferred to the main body 2. However using a commer-
cially available thermometer in common may be used to
input the body temperature data via the operation unit 10 of
the main body 2. FIG. 3 shows a top plan view of the
metabolimeter according to the present invention with the
body temperature and blood flow being measured with a
generic device.

[0050] The body temperature data can be input by way of
an example through a display screen as shown in FIG. 4. In
this example 36.50%% DEGREE is displayed as the refer-
ence, the ones place is underscored to indicate that this digit
is to be input. In this state buttons 106 and 10c¢ are used to
change the number. More specifically, button 105 is pushed
to increase the displayed value while the button 10¢ is
pushed to decrease the value so as for the input to be equal
to the measured body temperature, then the button 104 is
used to enter the ones place. Thereafter the numerical input
is continued in a similar manner for the one and two decimal
places to complete the body temperature data input. When
the button 104 is pushed by error, button 10a is pushed to
undo the input.

[0051] On the top of the apparatus an operation unit 10, a
measuring unit 12 on which a finger subject to be measured
is placed, a display unit 11 for displaying the measurement
result, apparatus status and the measurements. Four push
buttons 10a to 104 are arranged in the operation unit 10 for
operating the apparatus. A cover 14 is attached on the
measuring unit 12, a finger pad unit 13, having an ellipsoid
circumference is under the cover 14 (the cover is opened in
the figure). In the finger pad unit 13 an open end 22 of the
radiation thermometric sensor unit, optical sensor unit 30,
and temperature sensor unit 20 are provided.

[0052] Now referring to FIG. 5, which shows the opera-
tion procedure of the apparatus. By pushing the button on
the operation unit 10 to power on the apparatus, “warming
up” is displayed on the display unit 11 and the electronics in
the apparatus is warmed up. At the same time a checking
program is loaded to automatically check the electronics.
When “warming up” sign is over, an instruction ‘“please
place your finger” is displayed on the display unit 11. Once
a finger is placed on the finger pad unit 13, the display unit
11 displays a down count. When the count down is complete,
the display unit 11 indicates another instruction “release
your finger”. Once the finger is released from the finger pad
unit 13, the display unit 11 displays a message “data
processing in progress”. Shortly after, the display unit 11
displays a metabolic rate corresponding to the blood glucose
concentration. At this point, the displayed glucose level is
stored in an IC card along with the date and time. After
reading out the metabolic rate displayed, pushing the button
on the operation unit causes the apparatus to cycle, and a
message “please place your finger” on the display unit 11 for
waiting next measurement appears in one minute.

[0053] Now referring to FIGS. 6A to 6C, which shows the
details of the measurement unit; FIG. 6A is a top plan view,
FIG. 6B is a cross-sectional view taken along with the line
X-X, and FIG. 6C is another cross-sectional view taken
along with the line Y-Y.

[0054] Now the temperature measurement with the metab-
olimeter according to the present invention will be
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described. An infrared lens 25 is located in a position within
the apparatus to see through the subject (finger cushion)
placed on the finger pad unit 13. Beneath the infrared lens
25 a pyroelectric detector 27 is placed with an infrared
transmissible window 26 therebetween. A thermistor 23 is
used for measuring the room temperature, to define the
temperature immediately prior to placing a finger as the
room temperature.

[0055] The temperature sensor unit of the preferred
embodiment has three temperature sensors, for measuring
three different temperature values as follows—(1) radiation
temperature of the finger (pyroelectric detector 27): Trq (2)
room temperature (thermistor 23): T and (3) body tempera-
ture (body temperature measuring unit 1): Te

[0056] Next the optical sensor unit 30 will be described in
greater details. The optical sensor unit measures the haemo-
globin concentration and the haemoglobin oxygen saturation
needed for determining the tissue oxygen saturation. The
measurement of the haemoglobin concentration and haemo-
globin oxygen saturation requires the optical density mea-
surement with at least two different wavelengths. FIG. 6C
shows an exemplary arrangement for two wavelength mea-
surements by means of two light sources 33 and 34, and one
single detector 35.

[0057] The optical sensor unit 30 houses the ends of two
optical fibers 31 and 32. The optical fiber 31 is an optical
fiber for light emission, and the optical fiber 32 is for
receiving lights. As shown in FIG. 6C, the optical fiber 31
is connected to two optical fiber branches 31a and 315, at the
end of which two light emission diodes (LED) for two
different wavelengths are mounted. At the end of the pho-
toreception optical fiber 32 a photodiode 35 is provided. The
LED 33 emits the light of wavelength 830 nm, while the
LED 34 emits the light of wavelength 780 nm. These two
near-infrared lights serve for the measurement of concen-
tration variation of oxygenated and reduced haemoglobin as
well as the measurement of total haemoglobin concentration
variation, which corresponds to the sum of two state hae-
moglobin and to the volume of blood.

[0058] Two LEDs 33 and 34 emit light in a time-sharing
manner, and the light beam emitted from those LEDs 33 and
34 is transmitted through the light emission optical fiber 31
to the finger of the subject. The light emitted to the finger is
diffused and reflected by the finger skin and then is incident
to photoreception optic fiber 32 to be detected by the
detector 35. At the time when the light emitted to the finger
is diffused and reflected by the finger skin, the light passes
through the skin and penetrates into the tissue so that it is
absorbed by the haemoglobin in the blood stream flowing
through the capillaries. The measurement data from the
detector 35 indicates the reflectance R, from which the
absorbance may be approximately calculated as log (1/R).
By emitting light of wavelength 830 nm and that of 780 nm,
measuring the reflectance R for both wavelengths, as well as
calculating log (1/R), the absorbance A1 for wavelength 830
nm and the absorbance A2 for wavelength 780 nm are both
determined.

[0059] When defining the reduced haemoglobin concen-
tration as [Hb], oxygenated haemoglobin concentration as
[HbO,), the absorbance A, and A, may be given by the
following equation:
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Ay =ax([Hb] XA 1,8300m) + [HDO] X A g0, (830 nm)) (16)
= a X ([Hb] + [HPO3)) XAHb02(830 nm)

Ay = ax([Hb] X Apy(780 nm) + [HDO;] X A o, (780 nm)
[HO]

o (Hl D (_[Hb]+[HbOz]
=aX([Hb]+[KDb »])x (HEO,]

[Hb] + [HbO;]

] X Ay (780 nm) +

X Aﬂbo2 (780 nm)

[0060] A.;,(830 nm) and Ay, (780 nm), Ayue,(830 nm)
and Ay, ,(780 nm) are molar absorbance coefficient of
reduced haemoglobin, and oxygenated haemoglobin,
respectively, and are known in the art. a indicates a propor-
tional index. Haemoglobin concentration [HbJ+[HbO,],
Haemoglobin oxygen saturation [HbO,}/([(Hb]+[HbO,])
may be given from the equation above as follows:

Hb) + (DO, = —— 1 an
[ ] * [ 2] - Cl)(AHbo2 (830nm}
[HbO,] B Ax X 14[.][.02\:830 nm) — Ay X Agp(780nm))
[Ho+ [HEO2] ~ A1 X (Appo, (780 0m) — Ap, (780 am))
[0061] Tt should be understood by those skilled in the art

that although in this embodiment the absorbance measure-
ment by using two wavelengths for determining the haemo-
globin concentration and haemoglobin oxygen saturation
has been described, absorbance measurement by using three
or more wavelengths is also applicable, and may decreases
the affection of interference to increase thereby the mea-
surement precision.

[0062] The blood flow rate may be given from the fre-
quency spectrum of the 780 nm light originated from the
light emission diode 34 and diffused and reflected by the
finger, as follows:

Tissue blood flow rate=k, [ 0P{w)dw/F (18)

[0063] Wherek, designates to the proportional index, ® to
the angular frequency, P(w) to the signal power spectrum, I
to the amount of light received.

[0064] Now referring to FIG. 7, which shows diagram-
matically a schematic block diagram illustrating the flow of
data processing in the apparatus. The apparatus according to
the preferred embodiment equips four sensor units each of
which incorporates the body temperature measuring unit 1,
a thermistor 23, a pyroelectric detector 27, and a photodiode
35. The photodiode 35 measures the absorbance of wave-
length 830 nm and that of wavelength 780 nm. Five mea-
surements are therefore input into the apparatus.

[0065] These five analog signals pass through respective
amplifiers Al to A4, then digitized by the A/D converters
AD1 to AD4. From digitized values five physiological
parameters (body temperature, room temperature, finger
surface temperature, blood flow rate, tissue oxygen satura-
tion) are calculated.

[0066] The conversion calculation is conducted from these
five physiological parameters to the metabolic rate to be
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ultimately displayed. Now referring to FIG. 8, which shows
the functional block diagram of the apparatus. The apparatus
is driven by a battery 41. The signals measured by a sensor
unit 43 including a temperature sensor and an optical sensor
are fed to A/D converters 44 each arranged in correspon-
dence with the respective signal (A/D converter AD1 to
AD4) to be converted to digital signals. There are periph-
erals of a microprocessor 45, including A/D converters AD1
to AD4, LCD display unit 11, RAM 42, which are accessed
by the microprocessor 45 via a bus 46, respectively. Push
buttons 104 to 104 are each connected to the microprocessor
45. The microprocessor 45 receives external instructions by
pushing the buttons 10a to 104.

[0067] A ROM 47 incorporated in the microprocessor 45
stores any programs necessary for the processing. The
microprocessor 45 also includes a haemoglobin oxygen
saturation constant register unit 48 for storing the constant
for the haemoglobin oxygen saturation, and a blood flow rate
constant register unit 29 for storing the constant for the
blood flow rate. The calculation program, after having
performed the measurement of the finger, calls the optimum
constants from the Hb/O, constant register unit and the
blood flow constant register unit to start calculation. The
memory area required for the processing is allocated in the
RAM 42, which is also incorporated in the apparatus. The
calculation result will be displayed on the display unit 11.

[0068] In addition, although the apparatus calculates the
metabolic rate therein in the present embodiment, the physi-
ological parameters may also be stored in an IC card, and
another PC reads the data on the IC card to calculate the
metabolic rate.

[0069] The ROM stores any program components neces-
sary for the processing, especially function for determining
the metabolic rate. The function is defined as follows. First,
the metabolic rate is expressed as equation (9). The indexes
ato e in equation (9) are predetermined based on a plurality
of measurements. The procedure for determining the a to e
(a;, (=0, 1, 2, 3, 4)) is as follows.

[0070] (1) prepare physiological parameters and multiple
regression indicative of the metabolic rate of another mea-
surement.

[0071] (2) determine a normal equation (simultaneous
equation) with respect to the physiological parameters from
the equation obtained by the least square method.

[0072] (3) determine the indexes a; (i=0, 1, 2, 3, 4) from
the normal equation and assign the value into the multiple
regression.

[0073] Glucose concentration is expressed as equation
(15). The indexes a to f in equation (15) are predetermined
based on a plurality of measurements. The procedure to
determine a to f (a;, (i=0, 1, 2, 3, 4, 5) may be the same as
that of the metabolic rate. Now an exemplary case of glucose
concentration is shown here. First, the following regression
is created, which indicates the relationship between the
blood glucose concentration Ge¢ and physiological param-
eters X,=(Tps—Tp)m,, X,=Trs/m,, X;=(Tps-Tr), X,=Tc,
Xs=StO,.
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C= f(X1, X2, X5, Xy, X5) 19

=ag+a X +mXy+as X3+ a1 Xy +asXs

[0074] Next, the least square method is used to define a
multiple regression so as to minimize the error with the
blood glucose concentration measurements Ge measured by
an enzymatic electrode method. By defining the sum of
squares of the residual error as D, D may be given by the
following equation:

n
D= &
i=1

= Z (Ci = F(Xit, Xin, Xi3o Xia, Xis)P
=1

(20)

n
= Z {Ci = (ag + a1 Xy + @2 Xpp + 03 Xi3 + a4 Xug + a5 Xis )}
P}

[0075] Since where the sum of squares of residual
becomes minimum is when equation (20) partially differen-
tiated by a,, a,, . . ., a5 becomes 0, the following equation

can be given:
aD u 2
== —QZ{G —(ag+ a1 Xy + @ X +a3Xp + aaXia +asXis)} = 0
dag ]
aD -
T —ZZ XidCi —(ao + a1 Xy + @ X + a3 Xig + ag Xig + as Xis)t = 0
-1
n
aD
Fya —ZZ XniCi —(ag + a1 Xy + ;X + a3 Xz + aaXia + a5 Xi5)} = 0
@ i1
n
aD
— = —ZZ XlC —(ag+ m Xit + ;X + a3 Xig + @y Xig + a5 Xi5)} = 0
das i1
n
aD
— = —ZZ XulCi —(ao + a1 Xy + ;aXip + a3 Xz + aa Xy + a5 Xi5)} = 0
day ]
n
oD
— = —22 Xis{Ci = (ao + a1 Xi) + ax Xip + a3 Xi3 + aa Xpg + a5 Xi5)} = 0
das i=1
[0076] Now definingmean of C, X, to Xsas C_..., X nean
0 Xspeans then X, . =0 (i=1-5), the following equation

(22) may be given from equation (19):

@0 = Conean = @1 Ximean = 02 X2mean = (22)

as X3mean - H4X4mean - a5X5mean

= Coean
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[0077] Variation and covariation between normalized
parameters are expressed by equation (23), and covariation
between normalized parameters X; (i=1-5) and C are
expressed by equation (24):

n

S = D Xt = Ximean) Xy = Xjmean) = » XXy (s j=1.2,...5)
k=1 k=1

23)

Sic = 24
n

n
D" Xei = Kimean)(Cie = Conan) = 3 Xt Cie = Coean) (1= 1,2, ...9)
k=1 k=1

[0078] Now assigning equations (22), (23), and (24) into
equation (21) to digest to yield a simultaneous equation
(normal equation) (25). By solving equation (25) a,-a; may
be given.

@151 1+a3815+a3513+45147055)5=5 1

41551 +85855+03553+ 045244055258 5¢

41831 +03835+038533+24S34+05535=S3¢

@1541+03847+3543+ 04 S4a+05545=Sac

1551 +>555+03553+04S54+05S55=S5¢ (23)

[0079] Constant term a, may be given by equation (22).
The a; (=0, 1, 2, 3, 4, 5) as defined as above is stored on the
ROM as manufacturer supplied. In the actual measurement
using the apparatus, normalized parameters X; to X, deter-
mined from the measurements are substituted for the regres-
sion equation (19) to calculate the glucose concentration. It
should be noted here that the a, (i=0, 1, 2, 3, 4, 5) may be
defined for the user after delivery to store in the IC card,
instead of as-manufactured basis.

[0080] A specific example of calculation of metabolic rate
will be described in greater details herein below. The
indexes of equation (9) are defined from the data of many
measurements performed in advance on a number of per-
sons, and the ROM of the microprocessor stores the follow-
ing equation of metabolic rate.

Metabolic  rate=13415-3087,-31(Tps— T3 )+38(Tps—

TR)w,—6.4Tpg/0y,
[0081] As an example of measurements, the equation
above is substituted with measurement data Tc=36.45, Ty.o-
Tr=7.80, (Tes—Tg )0 =13.11, T /@, =54.03 to yield 8.8 kJ.
The metabolic rate measured by an indirect calorimetric
measurement method in a closed circuit of the same 1s 8.7
kJ. The measurement data when the metabolic rate is
obtained as 8.2 kI in the indirect calorimetric measurement
method in a closed circuit, i.e., Tc=36.99, Tp~Tz=6.76,
(Tes-Tr)V®,=7.68, Trs/w,=35.41 may be substituted for the
equation to obtain 7.9 kJ.

[0082] Now referring to FIG. 9, which shows a plot of
measurements obtained from a plurality of subjects, with the
ordinate plotting the calculated values of metabolic rate
according to the present invention, and the abscissa plotting
the measurements of metabolic rate by means of the indirect
calorimetric measurement method in a closed circuit system.
In the inventive method a better correlation is obtainable by
calculating the metabolic rate from the measurement of
human body temperature, finger temperature, and blood flow
rate (correlative index=0.82).
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[0083] A specific example of calculation of glucose con-
centration will be described in greater details herein below.
The index of equation (15) is defined from the data of many
measurements performed in advance on a number of people,
and the following calculation equation of glucose concen-
tration is stored in the ROM of the microprocessor.
Ge=2256.8-544T +8.7(Tps=T5)~4.95(Tps=Tg) 0=
0.7Tpg/0,~182.3510,
[0084] As atypical example of measurements, substituting
measurement data Te=36.45, T -T;=7.80, (Tp-Tx)w,=
13.11, Trg/w,=54.03, St0,=0.72 for the equation above may
vield 148.1. The blood glucose concentration at that time is
178.6 mg/dl. Then substituting the measurement data at the
time of blood glucose concentration 203.4 mg/dl, Te=36.52,
Teg-Tr=7.81, (Tpg-Tx)Vw,=11.30, Tps/m,=46.51, StO,=
0.49 for the above equation yields 201.5 mg/dl.

[0085] Now referring to FIG. 10, which shows a plot of
measurements obtained from a plurality of subjects, with the
ordinate plotting the calculated values of glucose concen-
tration according to the present invention, and the abscissa
plotting the measurements of glucose concentration by
means of an enzymatic electrode method. In the inventive
method a better correlation is obtainable by calculating the
blood glucose concentration from the measurements of
human body temperature, finger temperature, volume of
supplied oxygen, and blood flow rate (correlative index=
0.84).

[0086] The metabolic rate can be calculated which corre-
sponds to the blood glucose concentration by multiplying
the calculated glucose concentration by the index A of
equation (11).

[0087] Tt should be noted here that although the metabolic
rate is investigated which correspond to the glucose con-
centration in the preferred embodiment, the metabolic rate
may equally be based on the neutral fat (acylglycerol) and/or
cholesterol as the metabolic rate of a substance other than
the glucose, the equations may be defined from the blood
concentration and measurements to determine the metabolic
rate corresponding to the neutral fat and cholesterol con-
centration.

[0088] With respect to the calculated metabolic rate, or
glucose concentration, or metabolic rate corresponding to
the blood glucose concentration, the measurements accumu-
lated from the group of healthy adults has the tendency of
being different from those accumulated from the group of
patients of such metabolic diseases as arteriosclerosis, heart
diseases, glucose tolerance anomaly and the like. The cal-
culated values may be clues as to the underlying diseases.
The time-series display of accumulated metabolic rate
allows facilitating the diagnosis of the tendency.

[0089] The present embodiment has the identical configu-
ration as the preceding embodiment, the similar members
are designated to the identical reference numbers and the
detailed description of the parts already described in the
preceding embodiment will be omitted.

[0090] The present invention may be embodied in other
specific forms without departing from the spirit or essential
characteristics thereof. For instance, (effect of the invention)

[0091] Tt is to be understood that the present invention is
not to be limited to the details herein given but may be
modified within the scope of the appended claims.
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[0092] The foregoing description of the preferred embodi-
ment of the invention has been presented for purposes of
illustration and description. It is not intended to be exhaus-
tive or to limit the invention to the precise form disclosed,
and modifications and variations are possible in light of the
above teachings or may be acquired from practice of the
invention. The embodiment chosen and described in order to
explain the principles of the invention and its practical
application to enable one skilled in the art to utilize the
invention in various embodiments and with various modi-
fications as are suited to the particular use contemplated. It
is intended that the scope of the invention be defined by the
claims appended hereto, and their equivalents.

[0093] Tt is further understood by those skilled in the art
that the foregoing description is a preferred embodiment of
the disclosed device and that various changes and modifi-
cations may be made in the invention without departing
from the spirit and scope thereof.

What is claimed is:
1. A metabolic rate measurement apparatus, comprising:

an environmental thermometric sensor unit for measuring
environmental temperature;

a first position thermometric sensor unit for measuring
temperature derived from a first position on body
surface of a subject,

a second position temperature acquiring mean acquiring
temperature of a second position, the second position
being different from said first position at the subject;

a blood flow information acquiring mean acquiring infor-
mation about the blood flow at said first position;

a storage unit for storing the environment temperature, the
temperature derived from said first position, the tem-
perature of said second position, and relationship
between metabolic rate and the blood flow;

a processing unit for computing the metabolic rate by
applying the environment temperature measured by
said environment thermometric sensor unit, first posi-
tion temperature measured by said first position ther-
mometric sensor unit, second position temperature
acquired by said second position temperature acquiring
mean, and the blood flow information acquired by said
blood flow information acquiring mean to the relation-
ship stored in said storage unit; and

adisplay unit for displaying the computational result from
said processing unit.
2. A metabolic rate measurement apparatus, according to
claim 1, wherein:

said second position temperature acquiring mean is com-
prised of a body thermometer, the output of said body
thermometer being supplied to said processing unit.
3. A metabolic rate measurement apparatus, according to
claim 1, wherein:

said second position temperature acquiring mean has an

operation unit for inputting body temperature as
numeric data.

4. A metabolic rate measurement apparatus, according to
claim 1, wherein:

Apr. 19,2007

said blood flow information acquiring mean has a light
source for emitting light to said first position, and a
photometer for measuring the frequency spectrum of
light diffused and reflected from said first position.
5. A metabolic rate measurement apparatus, according to
claim 1, wherein:

said blood flow information acquiring mean has an opera-
tion unit for inputting the blood flow rate as numeric
data.
6. A metabolic rate measurement apparatus, according to
claim 1, further comprising:

an oxygen saturation information acquiring mean acquir-
ing information about the oxygen saturation at said first
position,

wherein

said storage unit stores the temperature derived from said
first position, the temperature of said second position,
and the relationship between said blood flow rate and
said oxygen saturation and the metabolic rate;

said processor unit calculates metabolic rate by applying
the environment temperature measured by said envi-
ronment temperature sensor unit, the first position
temperature measured by said first position thermomet-
ric sensor unit, the second position temperature mea-
sured by said second position temperature acquiring
mean, the blood flow information acquired by said
blood flow information acquiring mean , and the oxy-
gen saturation acquired by said oxygen saturation infor-
mation acquiring mean to said relationship stored in
said storage unit.

7. A metabolic rate measurement apparatus, according to

claim 6, wherein:

said oxygen saturation information acquiring mean has a
light source for emitting light of at least two different
wavelengths, a detector for detecting light originated
from said light source and diffused by said body
surface, and a means for calculating haemoglobin oxy-
gen saturation based on detection results from said
detector unit.

8. A metabolic rate measurement apparatus, according to

claim 6, wherein:

said oxygen saturation information acquiring mean has an
operation unit for entering the oxygen saturation as
numerical data.
9. A metabolic rate measurement apparatus, according to
claim 1, wherein:

said first position thermometric sensor unit has a pad umt
for placing a finger, and a temperature sensor for
measuring the temperature derived from said first posi-
tion of the finger placed on said pad unit.
10. A metabolic rate measurement apparatus, according to
claim 9, wherein:

said temperature sensor measures radiation temperature
derived from said first position.
11. A metabolic rate measurement apparatus, comprising:

an environment temperature sensor unit for measuring the
environmental temperature,

a body surface contact unit for contacting with a first
position of the body surface,
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a cylinder member, contacted to said body surface contact
unit and having an opening at one end,

a radiation thermometric sensor mounted in the vicinity of
the other end of said cylinder member, for measuring
radiation heat from said first position;

a blood flow information acquiring mean acquiring infor-
mation about the blood flow at said first position;

a light source for emitting light of at least two different
wavelengths into the one end of said cylinder member,

a light sensor unit for detecting light interacted with said
body surface;

a second position temperature acquiring mean acquiring
temperature of a second position, the second position
being different from said first position at said body
surface;

a processing unit for computing the metabolic rate by
applying the environment temperature measured by
said environment thermometric sensor unit, tempera-
ture of first position measured by said radiation ther-
mometric sensor unit, temperature of second position
acquired by said second position temperature acquiring
mean, and blood flow rate information acquired by said
blood flow information acquiring mean, and light
detection result detected by said light detector unit to
previously stored equation of the metabolic rate; and

a display unit for displaying output from said processing
unit.
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12. A metabolic rate measurement apparatus, according to
claim 11, wherein:

said second position temperature acquiring meanis a body
thermometer.
13. A metabolic rate measurement apparatus, according to
claim 11, wherein:

said second position temperature acquiring meanis an

operation pad for entering the body temperature as
numeric data.

14. A metabolic rate measurement apparatus, according to
claim 11, wherein:

said first position is to be a part in one of four limbs of the

subject to be measured, and said radiation heat detector

unit measures the radiation heat derived from said part.

15. A metabolic rate measurement apparatus, according to

claim 11, further comprising a data storage unit for storing
output from said processor unit, wherein:

data stored in said data storage unit is displayed on said
display unit in a time-series manner.
16. A metabolic rate measurement apparatus, according to
claim 11, wherein:

said metabolic rate is the metabolic rate of glucose.
17. A metabolic rate measurement apparatus, according to
claim 11, wherein:

said metabolic rate is the metabolic rate of neutral fat
and/or cholesterol.
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