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(54) BLOOD PRESSURE MEASURING INSTRUMENT

(57) A control unit (10) determines a level of sleep of
a subject on the basis of biological information measured
by a biological information measuring unit (30), and the
control unit (10) starts blood pressure measurement of

the subject when determining that the determined level
of sleep satisfies a predetermined condition. The control
unit (10) stores result of the blood pressure measurement
in a memory (11).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a blood-pressure measuring apparatus, and particularly to a blood-pressure
measuring apparatus for measuring a blood pressure during sleep.

BACKGROUND ART

[0002] Conventionally, it is believed that a blood pressure value is one of the most important indexes on health
management, and the management of the blood pressure value is treated as important. Furthermore, recent researches
show that a blood pressure measured during nighttime becomes an important index for management of a cardiovascular
risk.
[0003] From such standpoints, various techniques of measuring the nighttime blood pressure have been disclosed.
For example, Patent Document 1 (Japanese Unexamined Patent Publication No. 2001-70260) discloses a technique in
which, in an electronic blood-pressure meter, a clock time at which the blood pressure is measured is previously set,
and the blood pressure is measured at the set clock time.
[0004] In addition, Patent Document 2 (Japanese Unexamined Patent Publication No. 8-131408) discloses a technique
of measuring the blood pressure as a trigger that the subject becomes in a sleep state. Specifically, in a sleep health
management system disclosed in Patent Document 2, a determination whether or not body motion exists is made based
on a signal obtained from a vibration sensor attached to bedclothes, the determination that the subject is in the sleep
state is made when the body motion is not recognized for a predetermined time, and the blood pressure is measured
as the trigger of the determination that the subject is in the sleep state.

[Patent Document 1] Japanese Unexamined Patent Publication No. 2001-70260
[Patent Document 2] Japanese Unexamined Patent Publication No. 8-131408

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0005] However, in the technique disclosed in Patent Document 1, it is necessary to change the clock time set in
accordance with the sleep clock time of the subject, and therefore unfortunately the operation becomes troublesome.
[0006] Even in the same subject, as shown in Fig. 18, the measured blood pressure value varies largely depending
on the physical state and/or mental state during the measurement. Similarly it is thought that the fluctuation is generated
depending on a sleep state (sleep depth) of the subject during the blood pressure measurement. Fig. 18 generally shows
daily fluctuations in systolic blood pressure value and diastolic blood pressure value of a human. The region hatched in
Fig. 18 means a period of sleep time.
[0007] Therefore, the measurement of the blood pressure value based on the sleep state of the subject is thought to
be important.
[0008] In the technique disclosed in Patent Document 2, when the body motion of the subject is not observed for the
predetermined time, it is recognized that the subject is in the sleep state, and the blood pressure is measured. Therefore,
although it is not necessary for the subject to change the measurement clock time set in accordance with the sleep clock
time, unfortunately the sleep state of the subject is not kept constant during the measurement. That is, in the technique
disclosed in Patent Document 2, it is thought that the blood pressure value is measured irrespective of the sleep depth
of the subject as long as the subject is asleep.
[0009] The present invention has been devised in view of the above circumstances, and it is an object of the present
invention to provide a blood-pressure measuring apparatus which measures the blood pressure value on the basis of
the sleep depth of the subject.

MEANS FOR SOLVING THE PROBLEMS

[0010] In accordance with an aspect of the present invention, a blood-pressure measuring apparatus includes a blood-
pressure measuring unit which measures a blood pressure value of a subject; a level determination unit which determines
a level of sleep of the subject; a storage unit in which information for specifying a condition for the determined level of
sleep is stored; a judgment unit which judges whether or not the determined level of sleep satisfies the condition specified
by the information stored in the storage unit; a blood-pressure measuring start unit which causes the blood-pressure
measuring unit to start blood pressure measurement when the judgment unit judges that the determined level of sleep
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satisfies the condition; and a blood pressure value storage unit in which the blood pressure value of the subject measured
by the blood-pressure measuring unit is stored in response to an instruction of the blood-pressure measuring start unit.
[0011] In the blood-pressure measuring apparatus according to the aspect of the present invention, preferably the
blood-pressure measuring apparatus is connected to a biological information measuring unit which measures biological
information on the subject, and the level determination unit determines the level of sleep of the subject based on the
measurement result of the biological information measuring unit.
[0012] In the blood-pressure measuring apparatus according to the aspect of the present invention, preferably the
biological information measuring unit measures a pulse of the subject, and the level determination unit determines the
level of sleep of the subject based on a change in pulse wave period measured by the biological information measuring unit.
[0013] In the blood-pressure measuring apparatus according to the aspect of the present invention, preferably the
biological information measuring unit measures a body temperature of the subject, and the level determination unit
determines the level of sleep of the subject based on a change in body temperature measured by the biological information
measuring unit.
[0014] In the blood-pressure measuring apparatus according to the aspect of the present invention, preferably the
judgment unit judges that the condition is satisfied when a depth of the determined level of sleep reaches the deepest
level in levels which can be determined by the level determination unit.
[0015] In the blood-pressure measuring apparatus according to the aspect of the present invention, preferably the
judgment unit judges that the condition is satisfied when a depth of the determined level of sleep is changed from the
second shallowest level to the shallowest level in levels which can be determined by the level determination unit.
[0016] In the blood-pressure measuring apparatus according to the aspect of the present invention, preferably the
level determination unit determines the level of sleep at constant time intervals, and the judgment unit judges that the
condition is satisfied when the level of sleep determined by the level determination unit is changed larger than a specific
change amount with respect to the level of sleep previously determined by the level determination unit.

EFFECT OF THE INVENTION

[0017]  According to the present invention, the level of sleep of the subject is determined, and the blood pressure
value is stored when the determined level of sleep satisfies the predetermined condition.
[0018] Therefore, the blood pressure value is stored as the measurement value when the sleep depth of the subject
satisfies the predetermined condition.
[0019] Therefore, the blood pressure value can be measured based on the sleep depth of the subject during non-
REM (non-Rapid Eye Movement) sleep, uprising or the like suitable to the measurement of the blood pressure value.
Because the subject is mentally settled during the non-REM sleep, it is expected that the health condition of the subject
appears prominently. As shown in Fig. 18, because generally the blood pressure value of the subject is rapidly increased
during the uprising, it is thought that the uprising is suitable to measurement of the blood pressure value in order to
estimate a health management risk.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a schematic view showing a blood-pressure measuring apparatus according to a first embodiment of the
present invention.
Fig. 2 is a schematic diagram showing a hardware configuration of the blood-pressure measuring apparatus of Fig. 1.
Fig. 3 shows an example of a temporal change in pulse measured based on data supplied from a pressure sensor
of the blood-pressure measuring apparatus of Fig. 1.
Fig. 4 is a flowchart showing a process for measuring a blood pressure value of a subject in the blood-pressure
measuring apparatus of Fig. 1.
Fig. 5 is a diagram for explaining a time the blood pressure value is measured and stored in the process of Fig. 4.
Fig. 6 is a flowchart showing a process performed to measure the blood pressure value of the subject in a blood-
pressure measuring apparatus according to a second embodiment of the present invention.
Fig. 7 is a diagram for explaining a time the blood pressure value is measured and stored in the process of Fig. 6.
Fig. 8 is a flowchart showing a process performed to measure the blood pressure value of the subject in a blood-
pressure measuring apparatus according to a third embodiment of the present invention.
Fig. 9 is a diagram for explaining a time the blood pressure value is measured and stored in the process of Fig. 8.
Fig. 10 is a flowchart showing a process performed to measure the blood pressure value of the subject in a blood-
pressure measuring apparatus according to a fourth embodiment of the present invention.
Fig. 11 is a diagram for explaining a time the blood pressure value is measured and stored in the process of Fig. 10.
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Fig. 12 is a schematic view showing a blood-pressure measuring apparatus according to a fifth embodiment of the
present invention.
Fig. 13 is a schematic diagram showing a hardware configuration of the blood-pressure measuring apparatus of
Fig. 12.
Fig. 14 is a diagram showing an example of a change in body temperature of the subject as sleeping hours advances,
which is measured in the blood-pressure measuring apparatus of Fig. 12.
Fig. 15 is a schematic view showing a blood-pressure measuring apparatus according to a sixth embodiment of the
present invention.
Fig. 16 is an enlarged view showing an eye mask of Fig. 15.
Fig. 17 is a schematic diagram showing a hardware configuration of the blood-pressure measuring apparatus 1 of
Fig. 15.
Fig. 18 is a diagram generally showing daily fluctuations in systolic blood pressure value and diastolic blood pressure
value of a human.

DESCRIPTION OF REFERENCE NUMERALS

[0021] 1 blood-pressure measuring apparatus, 2 cuff, 3 tube, 4 display device, 5 operation unit, 6 timer, 10 CPU, 11
memory, 12 A/D converter, 13 amplifier, 14 pump driving circuit, 15 valve driving circuit, 20 inflatable bladder, 30 biological
information measuring unit, 31 pressure sensor, 32 pump, 33 valve.

BEST MODES FOR CARRYING OUT THE INVENTION

[0022] A blood-pressure measuring apparatus according to an exemplary embodiment of the present invention will
be described below with reference to the drawings.

[First Embodiment]

[0023] Fig. 1 is a schematic view showing a blood-pressure measuring apparatus according to a first embodiment of
the present invention.
[0024] A blood-pressure measuring apparatus 1 includes a cuff 2, and the blood pressure of the subject is measured
while the cuff 2 is wound around an arm A of the subject.
[0025] The blood-pressure measuring apparatus 1 includes a display device 4 and an operation unit 5 in a front surface
thereof. The operation unit 5 includes a plurality of operation buttons. The blood-pressure measuring apparatus 1 includes
a tube 3 which connects a built-in pump (pump 32 described later) and the cuff 2. The cuff 2 accommodates an inflatable
bladder therein as described later.
[0026] Fig. 2 is a schematic diagram showing a hardware configuration of the blood-pressure measuring apparatus
1. In addition to the display device 4 and the operation unit 5, the blood-pressure measuring apparatus 1 includes CPU
(Central Processing Unit) 10 which wholly controls an operation of the blood-pressure measuring apparatus 1, a memory
11 in which various pieces of information are stored, a timer 6, and a biological information measuring unit 30.
[0027] In addition to the cuff 2 and the tube 3, the biological information measuring unit 30 includes a pressure sensor
31 which measures a pressure of an inflatable bladder 20, an amplifier 13 which is connected to the pressure sensor
31, an A/D (Analog/Digital) conversion unit 12 which converts analog data supplied from the pressure sensor 31 through
the amplifier 13 into digital data and supplies the digital data to CPU 10, a pump 32 which supplies air into the inflatable
bladder 20, a pump driving circuit 14 which drives the pump 32, a valve 33 which opens and closes a connection portion
between the tube 3 and the pump 32, and a valve driving circuit 15 which drives the valve 33.
[0028] In the blood-pressure measuring apparatus 1, data supplied from the pressure sensor 31 is fed into CPU 10
through the A/D converter 12, CPU 10 controls the operation of the pump 32 through the pump driving circuit 14, and
CPU 10 controls the opening and closing of the valve 33 through the valve driving circuit 15.
[0029] In addition to the measurement of the blood pressure value of the subject, the blood-pressure measuring
apparatus 1 can measure the pulse of the subject on the basis of the data supplied from the pressure sensor 31 by filling
the inflatable bladder 20 with air having a pressure as low as about 20 to about 30 mmHg.
[0030] Fig. 3 shows an example of the pulse which is measured based on the data supplied from the pressure sensor
31. The data shown in Fig. 3 corresponds to data which is supplied from the A/D converter 12 while the inflatable bladder
20 is filled with the air having a proper pressure as described above.
[0031] Referring to Fig. 3, peaks PA to PD of the pulse are shown. In the blood-pressure measuring apparatus 1, CPU
10 detects the plurality of peaks by continuously measuring the pulses to some extent, and CPU 10 obtains a pulse
wave period of a predetermined period (time during which the pulses are continuously measured to some extent) by
computing an average value of time intervals between peaks adjacent to each other. It is thought that the number of
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peaks used to compute the average value is appropriately set.
[0032] In the blood-pressure measuring apparatus 1, the pulse of the subject is measured during sleep, the pulse
wave period is computed based on the pulse measurement result, and the blood pressure value of the subject is measured
when the change in pulse wave period (for example, a ratio of the computed pulse wave period to the pulse wave period
immediately after the sleep) satisfies a predetermined condition.
[0033] Specifically, in the blood-pressure measuring apparatus 1, the pulse wave period immediately after the sleep
of the subject is computed, and the blood pressure value of the subject is measured during the sleep of the subject.
Therefore, the process shown in Fig. 4 is performed. The pulse wave period immediately after the sleep shall mean a
pulse wave period computed as follows: A switch is provided in the blood-pressure measuring apparatus 1, the switch
is turned on when the subject starts the sleep, and the pulse wave period is computed after a predetermined time (for
example, 5 to 10 minutes) elapses since the switch is turned on. The computed pulse wave period immediately after
the sleep is stored in the memory 11.
[0034] Referring to Fig. 4, in step SA10, CPU 10 measures a sleep depth (level of sleep) of the subject, and the
process proceeds to step SA20. The sleep depth measurement in step SA10 includes the following processes.
[0035]

(1) The pulse of the subject is measured in a predetermined period.
(2) The pulse wave period is computed based on the pulse measurement result of the subject in the predetermined
period.
(3) The sleep depth is determined by utilizing the change in pulse wave period computed.
A correspondence relationship between the pulse wave period and the sleep depth shown in Table 1 is referred to
when the sleep depth is determined based on the change in pulse wave period. In Table 1, the letter CA designates
a pulse wave period immediately after sleep stored in the memory 11, and the letter CP designates a pulse wave
period computed at that time. For example, the correspondence relationship shown in Table 1 is previously stored
in the memory 11.

[0036]

[0037]  As can be seen from Table 1, in the first embodiment, the sleep depth is defined by five stages according to
the CP value. The five stages include REM (Rapid Eye Movement), non-REM I, non-REM II, non-REM III, and non-REM
IV. In the description, non-REM I is deeper than REM in the sleep depth, non-REM II is deeper than non-REM I in the
sleep depth, non-REM III is deeper than non-REM II in the sleep depth, and non-REM IV is deeper than non-REM III in
the sleep depth.
[0038] In step SA20, CPU 10 determines whether or not the sleep depth measured (determined) in step SA10 is the
sleep depth IV. The process proceeds to step SA40 when the determination is affirmative, and the process proceeds to
step SA30 when the determination is not affirmative.
[0039] In step SA30, CPU 10 holds it for one minute, and the process returns to step SA10.
[0040] In step SA40, because the sleep depth is the sleep depth IV, CPU 10 makes a transition to a routine for starting
the blood pressure measurement, CPU 10 starts the blood pressure measurement of the subject, and CPU 10 stores
the measurement result in the memory 11. Then, the process proceeds to step SA50. In the blood-pressure measuring
apparatus 1, when the blood pressure value is measured, the inflatable bladder 20 is filled with air having a pressure
higher than that of the pulse measurement, and the pressure change is detected by the pressure sensor 31. In step
SA40, preferably the sleep depth during the measurement and the measurement clock time are also stored in the memory
11 while correlated with the measurement result.
[0041] In step SA50, CPU 10 holds it for 30 minutes, and the process returns to step SA10. CPU 10 holds it for 30
minutes in step SA50, which allows the measurement of the blood pressure to be avoided until the next peak of the

[Table 1]

Sleep depth Condition for pulse wave period CP

REM CP ≤ CA � 1.05

Non-REM I CA � 1.05 < CP ≤ CA � 1.10

Non-REM II CA � 1.10 < CP � CA � 1.15

Non-REM III CA � 1.15 < CP ≤ CA � 1.20

Non-REM IV CA � 1.20 < CP ≤ CA � 1.25
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sleep depth comes since the blood pressure is measured at the peak (deepest sleep depth) of the sleep depth. That is,
the plurality of blood pressure measurements can be avoided at the peak of the same sleep depth.
[0042] In the first embodiment, the sleep depth is determined based on the change in pulse wave period of the subject,
the blood pressure measurement of the subject is started when the sleep depth becomes the deepest (deepest sleep,
that is, deepest peak), and the measured blood pressure is recorded. Therefore, the blood pressure value can be
measured when the subject is thought to be most settled mentally.
[0043] It is assumed that the condition at which sleep depth the blood pressure measurement is started is stored in
the memory 11. That is, in the first embodiment, information of "sleep depth IV" is stored in a predetermined area of the
memory 11. In step SA20, actually CPU 10 determines whether or not the sleep depth at that time satisfies the condition
stored in the area of the memory 11. The process proceeds to step SA40 when the sleep depth satisfies the condition,
and the process proceeds to step SA30 when the sleep depth does not satisfy the condition.
[0044]  Fig. 5 shows a general mode of the change in sleep depth. Fig. 5 is a diagram for explaining the time the blood
pressure value is measured and stored in step SA40 of the process shown in Fig. 4. In Fig. 5, a vertical axis indicates
the sleep depth (non-REM is abbreviated to "N"), and a horizontal axis indicates a time elapsed from the sleep start. In
Fig. 5, the measured sleep depth is shown by a thick line.
[0045] The sleep depth is changed so as to return to REM after becoming deeper from REM to non-REM IV, and the
change is observed on a substantially periodic basis. Generally the period of the sleep depth ranges from 60 minutes
to 90 minutes.
[0046] In the process of Fig. 4, the blood pressure measurement is started under the condition that the sleep depth
becomes non-REM IV, and the blood pressure value is recorded. It is said that the blood pressure value is measured
at the time the measurement values (thick lines) of the sleep depth shown in Fig. 5 enter circles P1 and P2.
[0047] In the process of Fig. 4, because the blood pressure value is measured when the sleep depth becomes the
maximum value (maximum value in depth, that is, the locally deepest peak of the sleep), the blood pressure value is
measured under the condition that the sleep depth becomes non-REM IV. That is, it is assumed that the time the sleep
depth reaches non-REM IV is the time the sleep depth becomes the deepest peak, and the blood pressure value is
measured.

[Second Embodiment]

[0048] A blood-pressure measuring apparatus 1 according to a second embodiment of the present invention has a
hardware configuration similar to that of the blood-pressure measuring apparatus 1 of the first embodiment.
[0049] The blood-pressure measuring apparatus 1 of the second embodiment differs from the blood-pressure meas-
uring apparatus 1 of the first embodiment in contents of the process performed to measure the blood pressure of the
subject. The process performed to measure the blood pressure value by the blood-pressure measuring apparatus 1 of
the second embodiment will be described below with reference to a flowchart of Fig. 6.
[0050] In step SB10, similarly to step SA10, CPU 10 measures the sleep depth of the subject, and the process proceeds
to step SB20.
[0051] In step SB20, CPU 10 determines whether or not a rate of change (α) of the sleep depth measured (determined)
in the last step SB10 to the sleep depth measured (determined) in the second last step SB10 has a positive value. The
rate of change α becomes the positive value when the sleep depth measured in the last step SB10 is shifted shallower
than the sleep depth measured in the second last step SB10. The process proceeds to step SB40 when the rate of
change α is positive, and the process proceeds to step SB30 when the rate of change α is not positive.
[0052]  In step SB30, CPU 10 holds it for one minute, and the process returns to step SB10.
[0053] In step SB40, CPU 10 measures the blood pressure value of the subject, the measurement result is stored in
the memory 11, and the process proceeds to step SB50. At this point, preferably the sleep depth during the measurement
and the measurement clock time are also stored while correlated with the measurement result.
[0054] In step SB50, CPU 10 holds it for 30 minutes, and the process returns to step SB10.
[0055] In the second embodiment, the sleep depth is determined based on the change in pulse wave period of the
subject, and the blood pressure of the subject is measured when the determined sleep depth is changed shallower than
the previously-determined sleep depth.
[0056] It is assumed that the condition at which sleep depth the blood pressure measurement is started is stored in
the memory 11. That is, in the second embodiment, for example, a value of "0" is stored in a predetermined area of the
memory 11. In step SB20, actually CPU 10 compares the rate of change (α) at that time to a value stored in the area.
The process proceeds to step SB40 when the rate of change (α) at that time is more than the value stored in the area,
and the process proceeds to step SB30 when the rate of change (α) at that time is not more than the value stored in the area.
[0057] Fig. 7 is a diagram for explaining the time the blood pressure value is measured and stored in step SB40 of
the process of Fig. 6. In Fig. 7, similarly to Fig. 5, the vertical axis indicates the sleep depth, and the horizontal axis
indicates the time elapsed from the sleep start. In Fig. 7, the measured sleep depth is shown by the thick line.
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[0058] The sleep depth is changed so as to return to REM after becoming deeper from REM to non-REM IV, and the
change is observed on the substantially periodic basis. Generally the period of the sleep depth ranges from 60 minutes
to 90 minutes.
[0059] In the process of Fig. 6, it is said that the blood pressure value is measured when the determined sleep depth
is changed shallower than the previously-determined sleep depth, that is, at the time the measurement values (thick
lines) of the sleep depth shown in Fig. 7 enter circles P3 and P4.
[0060] In the process of Fig. 6, because the blood pressure value is measured when the sleep depth becomes the
maximum value (maximum value in depth, that is, the locally deepest peak of the sleep), the blood pressure value is
measured under the condition that the determined sleep depth is changed shallower than the previously-determined
sleep depth. That is, it is assumed that the time the sleep depth is changed to shallower than the previously-determined
sleep depth is the time the sleep depth becomes the maximum value, the measurement of the blood pressure value is
started, and the measured blood pressure value is recorded.

[Third Embodiment]

[0061] A blood-pressure measuring apparatus 1 according to a third embodiment of the present invention has a
hardware configuration similar to that of the blood-pressure measuring apparatus 1 of the first embodiment.
[0062] The blood-pressure measuring apparatus 1 of the third embodiment differs from the blood-pressure measuring
apparatus 1 of the first embodiment in contents of the process performed to measure the blood pressure of the subject.
The process performed to measure the blood pressure value by the blood-pressure measuring apparatus 1 of the third
embodiment will be described below with reference to a flowchart of Fig. 8.
[0063] In step SC10, similarly to step SA10, CPU 10 measures the sleep depth of the subject, and the process proceeds
to step SC20.
[0064] In step SC20, CPU 10 determines whether or not the sleep depth measured (determined) in the second last
step SC10 is non-REM I while the sleep depth measured (determined) in the last step SC10 is REM. The process
proceeds to step SC40 when the determination is affirmative, and the process proceeds to step SC30 when the deter-
mination is not affirmative.
[0065] In step SC30, CPU 10 holds it for one minute, and the process returns to step SC10.
[0066] In step SC40, CPU 10 measures the blood pressure value of the subject, the measurement result is stored in
the memory 11, and the process proceeds to step SC50. At this point, preferably the sleep depth during the measurement
and the measurement clock time are also stored while correlated with the measurement result.
[0067] In step SC50, CPU 10 holds it for 30 minutes, and the process returns to step SC10.
[0068] In the third embodiment, the sleep depth is determined based on the change in pulse wave period of the subject,
and the blood pressure of the subject is measured when the determined sleep depth is REM which is changed from
non-REM I.
[0069] It is assumed that the condition at which sleep depth the blood pressure measurement is started is stored in
the memory 11. That is, in the third embodiment, for example, information indicating a pattern of the change in sleep
depth, specifically information indicating a pattern of the sleep depth changed from non-REM I to REM is stored in a
predetermined area of the memory 11. In step SC20, actually CPU 10 compares the pattern of the change in sleep depth
at that time (patterns of the sleep depth determined in the last step SC10 and the sleep depth determined in the second
last step SC10) to the pattern stored in the area. The process proceeds to step SC40 when the patterns are matched
with each other, and the process proceeds to step SC30 when the patterns differ from each other.
[0070] Fig. 9 is a diagram for explaining the time the blood pressure value is measured and stored in step SC40 of
the process of Fig. 8. In Fig. 9, similarly to Fig. 5, the vertical axis indicates the sleep depth, and the horizontal axis
indicates the time elapsed from the sleep start. In Fig. 9, the measured sleep depth is shown by the thick line. In Fig. 9,
the sleep depth is changed so as to return to REM after becoming deeper from REM to non-REM IV, and the change
is observed on the substantially periodic basis. Generally the period of the sleep depth ranges from 60 minutes to 90
minutes.
[0071] In the process of Fig. 8, it is said that the blood pressure value is measured when the currently-determined
sleep depth is REM while the previously-determined sleep depth is non-REM I, that is, at the time the measurement
values (thick lines) of the sleep depth shown in Fig. 9 enter a circle P5.
[0072] In the process of Fig. 8, because the blood pressure value is measured when the sleep depth becomes the
minimum value (minimum value in depth, that is, the locally shallowest peak of the sleep), the blood pressure value
measurement is started under the condition that the sleep depth is changed from non-REM I to REM, and the measured
blood pressure value is recorded. That is, it is assumed that the time the sleep depth is changed from non-REM I to
REM is the time the sleep depth becomes the minimum value, and the blood pressure value is measured.
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[Fourth Embodiment]

[0073] A blood-pressure measuring apparatus 1 according to a fourth embodiment of the present invention has a
hardware configuration similar to that of the blood-pressure measuring apparatus 1 of the first embodiment.
[0074] The blood-pressure measuring apparatus 1 of the fourth embodiment differs from the blood-pressure measuring
apparatus 1 of the first embodiment in contents of the process performed to measure the blood pressure of the subject.
The process performed to measure the blood pressure value by the blood-pressure measuring apparatus 1 of the fourth
embodiment will be described below with reference to a flowchart of Fig. 10.
[0075] In step SD10, similarly to step SA10, CPU 10 measures the sleep depth of the subject, and the process proceeds
to step SD20.
[0076] In step SD20, CPU 10 determines whether or not the sleep depth measured (determined) in the last step SD10
is non-REM IV. The process proceeds to step SD30 when the determination is affirmative, and the process proceeds
to step SD50 when the determination is not affirmative.
[0077] In step SD30, similarly to step SA40, CPU 10 measures the blood pressure value of the subject, the measurement
result is stored in the memory 11, and the process proceeds to step SD40.
[0078]  In step SD40, CPU 10 holds it for 30 minutes, and the process returns to step SD10.
[0079] In step SD50, CPU 10 determines whether or not the sleep depth measured in the last step SD10 is changed
shallower by at least two stages from the sleep depth measured in the second last step SD10, for example, the sleep
depth measured in the last step SD10 is changed from non-REM II to REM or from non-REM III to non-REM I. The
process proceeds to step SD30 when the determination is affirmative, and the process proceeds to step SD60 when
the determination is not affirmative.
[0080] In step SD60, CPU 10 holds it for one minute, and the process returns to step SD10.
[0081] In the fourth embodiment, the sleep depth is determined based on the change in pulse wave period of the
subject, and the blood pressure of the subject is measured and the measured blood pressure value is recorded when
the determined sleep depth is non-REM IV or when the determined sleep depth is rapidly changed shallower (changed
shallower by at least two stages from the previously-measured sleep depth).
[0082] It is assumed that the condition at which sleep depth the blood pressure measurement is started is stored in
the memory 11. That is, in the fourth embodiment, information indicating that the determined sleep depth is non-REM
IV or the determined sleep depth is changed shallower by at least two stages from the previous measurement sleep
depth is stored in a predetermined area of the memory 11. In steps SD20 and SD30, actually CPU 10 determines whether
or not the sleep depth state at that time satisfies the condition defined by the information stored in the area. The process
proceeds to step SD40 when the condition is satisfied, and the process proceeds to step SD60 when the condition is
not satisfied.
[0083] Fig. 11 is a diagram for explaining the time the blood pressure value is measured and stored in step SD30 of
the process of Fig. 10. In Fig. 11, similarly to Fig. 5, the vertical axis indicates the sleep depth, and the horizontal axis
indicates the time elapsed from the sleep start. In Fig. 11, the measured sleep depth is shown by the thick line. In Fig.
11, the sleep depth is changed so as to return to REM after becoming deeper from REM to non-REM IV, and the change
is observed on the substantially periodic basis. Generally the period of the sleep depth ranges from 60 minutes to 90
minutes.
[0084] In the process of Fig. 10, it is said that the blood pressure value is measured when the sleep depth is non-REM
IV and when the currently-determined sleep depth is shifted shallower by at least two stages from the previously-
determined sleep depth, that is, at the time the measurement values (thick lines) of the sleep depth shown in Fig. 11
enter circles P6 to P9.
[0085] In the process of Fig. 10, because CPU 10 holds it for 30 minutes in step SD40, the sleep depth is thought to
be shifted shallower by at least two stages in 30 minutes when CPU 10 determines that the sleep depth is shifted
shallower by at least two stages from the previously-determined sleep depth in step SD 50. The case where the subject
is in an apneic state can be cited as a specific example of the case where the sleep depth is rapidly changed shallower.
[0086] In the process of Fig. 10, the blood pressure value may be detected when the sleep depth is shifted deeper by
at least a predetermined stage.

[Fifth Embodiment]

[0087] Fig. 12 is a schematic view showing a blood-pressure measuring apparatus according to a fifth embodiment
of the present invention.
[0088] The fifth embodiment differs from the first to fourth embodiments in that the biological information on the subject
measured to determine the sleep depth is changed. The change of the fifth embodiment will mainly be described below.
[0089] Referring to Fig. 12, compared with the blood-pressure measuring apparatus 1 of the first to fourth embodiments,
a blood-pressure measuring apparatus 1 of the fifth embodiment further includes a body temperature sensor 6 for
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measuring a body temperature which is of the biological information on the subject. The body temperature sensor 6 is
provided in the cuff 2, and the body temperature sensor 6 is located on the side where the cuff 2 abuts on the arm A of
the subject. The body temperature sensor 6 may be formed independently of the cuff 2.
[0090] Fig. 13 is a schematic diagram showing a hardware configuration of the blood-pressure measuring apparatus
1 of Fig. 12. Compared with the blood-pressure measuring apparatus 1 of the first to fourth embodiments, the blood-
pressure measuring apparatus 1 of the fifth embodiment includes the body temperature sensor 6 and an A/D converter
61. The A/D converter 61 converts the data concerning the body temperature of the subject detected by the body
temperature sensor 6 into the digital data, and the A/D converter 61 transmits the digital data to CPU 10.
[0091] In the fifth embodiment, for example, as shown in Table 2, information (for example a table) in which a change
in body temperature value of the subject and the sleep depth are correlated with each other is stored in the memory 11.
Specifically, in the information, a range of a body temperature value T measured is defined by the five stages of REM
to non-REM IV.
[0092]

[0093] Fig. 14 is a diagram showing an example of the change in body temperature of the subject as sleeping hours
advance, which is measured in the blood-pressure measuring apparatus 1 of the fifth embodiment.
[0094] As can be seen from Fig. 14, although the body temperature is lowered as a whole as the sleeping hours
advance, the body temperature repeatedly goes up and down in a local predetermined period. A region of the body
temperature at which the sleep depth is set to non-REM IV is hatched in Fig. 14.
[0095] The fifth embodiment differs from the first to fourth embodiments only in that the biological information measured
to determine the sleep depth is changed. That is, the control content in which the determined sleep depth is utilized is
similar to those of the first to fourth embodiments.

[Sixth Embodiment]

[0096] Fig. 15 is a schematic view showing a blood-pressure measuring apparatus according to a sixth embodiment
of the present invention.
[0097] The sixth embodiment differs from the first to fourth embodiments in that the biological information on the
subject measured to determine the sleep depth is changed. The change of the sixth embodiment will mainly be described
below.
[0098] Referring to Fig. 15, compared with the blood-pressure measuring apparatus 1 of the first to fourth embodiments,
a blood-pressure measuring apparatus 1 of the sixth embodiment further includes an eye mask 8 for measuring movement
of the eye which is of the biological information on the subject. The eye mask 8 is attached to a head H of the subject.
[0099] Fig. 16 is an enlarged view showing the eye mask 8. The eye mask 8 includes a belt 80 which fixes the eye
mask 8 to the head H of the subject and a plate-like portion 81. A right-eye infrared sensor 80A and a left-eye infrared
sensor 80B are provided in the plate-like portion 81. The right-eye infrared sensor 80A and the left-eye infrared sensor
80B are infrared sensors corresponding to the right eye and the left eye of the subject respectively. A converter 82 which
converts outputs of the infrared sensors into the pieces of digital data is provided between the eye mask 8 and a main
body of the blood-pressure measuring apparatus 1.
[0100] Fig. 17 is a schematic diagram showing a hardware configuration of the blood-pressure measuring apparatus
1 of Fig. 15. Compared with the blood-pressure measuring apparatus 1 of the first to fourth embodiments, the blood-
pressure measuring apparatus 1 of the sixth embodiment includes the right-eye infrared sensor 80A and left-eye infrared

[Table 2]

Sleep depth Condition for body temperature T

REM Body temperature immediately after sleep -0.3°C ≤ T

Non-REM I Body temperature immediately after sleep -0.6°C < T ≤ Body temperature immediately after sleep 
-0.3°C

Non-REM II Body temperature immediately after sleep -0.9°C < T ≤ Body temperature immediately after sleep 
-0.6°C

Non-REM III Body temperature immediately after sleep -1.2°C < T ≤ Body temperature immediately after sleep 
-0.9°C

Non-REM IV Body temperature immediately after sleep -1.5°C < T ≤ Body temperature immediately after sleep 
-1.2°C
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sensor 80B and A/D converters 801 and 802. The A/D converters 801 and 802 convert the outputs of the right-eye
infrared sensor 80A and left-eye infrared sensor 80B into the pieces of digital data. The A/D converters 801 and 802
are included in the converter 82.
[0101] In the sixth embodiment, the right-eye infrared sensor 80A and left-eye infrared sensor 80B detect the movement
modes of the eyes, and the sleep depth of the subject is determined based on the detected movement modes.
[0102] The sixth embodiment differs from the first to fourth embodiments only in that the biological information measured
to determine the sleep depth is changed. That is, the control content in which the determined sleep depth is utilized is
similar to those of the first to fourth embodiments.

[Other Modifications]

[0103] Some methods of determining the sleep depth are described in the embodiments of the present invention. In
the present invention, the sleep depth may be determined by other methods different from the above-described methods.
[0104] For other methods, examples of the biological information on the subject include a brain wave, an electrocar-
diogram, a muscle potential, the body motion, and a breathing cycle.
[0105] In the embodiments, the blood pressure value of the subject is measured when the sleep depth satisfies the
predetermined condition. Alternatively, a switch is provided in the blood-pressure measuring apparatus 1, the switch is
turned on immediately before the subject is asleep, and the blood-pressure measuring apparatus 1 may measure the
blood pressure under the condition that a predetermined time (for example, one hour, one and a half hours, and two
hours) elapsed since the switch is turned on. It is thought that the blood pressure can be measured by performing the
blood pressure measurement in the above-described way, when the subject is daily in the sleep state.
[0106] The embodiments are described only by way of example, and it is to be understood that the present invention
is not limited to the embodiments. The scope of the present invention is shown by not the embodiments but only claims,
and it is intended that meanings equivalent to claims and all the modifications and changes within the scope of the
present invention are included. Each of the embodiments is intended to be realized by a combination of the embodiments
as much as possible.

INDUSTRIAL APPLICABILITY

[0107] According to the present invention, the level of sleep of the subject is determined, and the blood pressure value
is stored when the determined level of sleep satisfies the predetermined condition. Therefore, the blood pressure value
is stored as the measurement value when the sleep depth of the subject satisfies the predetermined condition. Accord-
ingly, the blood pressure value can be measured based on the sleep depth of the subject during the non-REM (non-
Rapid Eye Movement) sleep or the uprising suitable to the measurement of the blood pressure value.

Claims

1. A blood-pressure measuring apparatus comprising:

a blood-pressure measuring unit (10,20,31,13,12) which measures a blood pressure value of a subject;
a level determination unit (10) which determines a level of sleep of the subject;
a storage unit (11) in which information for specifying a condition for the determined level of sleep is stored;
a judgment unit (10) which judges whether or not the determined level of sleep satisfies the condition specified
by the information stored in the storage unit;
a blood-pressure measuring start unit (10) which causes the blood-pressure measuring unit to start blood
pressure measurement when the judgment unit judges that the determined level of sleep satisfies the condition;
and
a blood pressure value storage unit (11) in which the blood pressure value of the subject measured by the
blood-pressure measuring unit is stored in response to an instruction of the blood-pressure measuring start unit.

2. The blood-pressure measuring apparatus according to claim 1, wherein the blood-pressure measuring apparatus
is connected to a biological information measuring unit (30) which measures biological information on the subject, and
the level determination unit determines the level of sleep of the subject based on the measurement result of the
biological information measuring unit.

3. The blood-pressure measuring apparatus according to claim 2, wherein the biological information measuring unit
measures a pulse of the subject, and
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the level determination unit determines the level of sleep of the subject based on a change in pulse wave period
measured by the biological information measuring unit.

4. The blood-pressure measuring apparatus according to claim 2, wherein the biological information measuring unit
measures a body temperature of the subject, and
the level determination unit determines the level of sleep of the subject based on a change in body temperature
measured by the biological information measuring unit.

5. The blood-pressure measuring apparatus according to any one of claims 1 to 4, wherein the judgment unit judges
that the condition is satisfied when a depth of the determined level of sleep reaches the deepest level in levels which
can be determined by the level determination unit.

6. The blood-pressure measuring apparatus according to any one of claims 1 to 4, wherein the judgment unit judges
that the condition is satisfied when a depth of the determined level of sleep is changed from the second shallowest
level to the shallowest level in levels which can be determined by the level determination unit.

7. The blood-pressure measuring apparatus according to any one of claims 1 to 4, wherein the level determination
unit determines the level of sleep at constant time intervals, and
the judgment unit judges that the condition is satisfied when the level of sleep determined by the level determination
unit is changed larger than a specific change amount with respect to the level of sleep previously determined by the
level determination unit.
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