HEALTH MONITORING ASSIST SYSTEM

Technical Field
[0001] The present invention relates to a technique for

assisting health monitoring of a user.

Background Art

[0002] Exercise such as walking is known to help reduce blood
pressure, body weight, body fat, and abdominal girth, and to be
effective in prevention or treatment of lifestyle-related diseases.
However, engaging in a strenuous activity only for a brief period
is pointless, and it is instead important to take moderate exercise
continuously. Systems with a function of providing a graphical
representation of changes in blood pressure, body weight, and the
like, or a function of giving advice on the exercise or lifestyle
habits have hitherto been proposed, as means of keeping motivation
up to continue with the exercise. For example, in the system of
PTL 1, time-series data of body weight, BMI, body fat percentage,
number of steps, calories burned, highest blood pressure, lowest
blood pressure, pulse, blood glucose level, urinary glucose level,
cholesterol level, etc. are displayed in one chart, so that the
user him/herself can check the data by comparing changes in several

biological indexes.
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[0003]

PTL 1: Japanese Patent Application Laid-open No. 2004-230099

SUMMARY OF INVENTION

Technical Problem

[0004] From the results of analysis of data of a large number
of test subjects, the applicants of the present invention have found
out that: (1) The effect of exercise (such as reduction in blood
pressure or body weight) does not appear immediately, and there
is a certain time lag between the period in which exercise is taken
and the period in which its effect appears; (2) The amount of time
lag can be relatively long, ranging from several days to several
weeks; and (3) The amount of time lag differs from person to person.
However, conventional systems do not take account of such delay
characteristics of the effect of exercise (in particular, the
difference in time lag among individuals) at all. Even if provided
with a chart of time-series data of the number of steps and body
weight as in the system of PTL 1, for example, if the user is not
familiar with the delay characteristics of the effect of exercise,
the user may wrongly think that the exercise has had no effect,
or that there is no causal relationship between the number of steps
and the body weight, and may lose the motivation for the exercise.
Also, systems that give advice on exercise or lifestyle habits may

present wrong advice unless proper consideration is taken in regard



of the difference in time lag among individuals.

[0005] Note that, while the discussion above casts light on
the relationship between exercise and its effect, a similar time
lag may be observed between the period when activities other than
exercise (such as eating and sleeping) that may affect health
(biological indexes) are conducted and the period when its effects
appear.

[0006] The present invention has been made in view of the
circumstances described above, its object being to provide a
technique for enabling health monitoring assistance that takes
account of a time lag between an activity and appearance of its
effect. A further object of the present invention is to provide
a technique for presenting a causal relationship between an
activity conducted by a subject and its effect in an accessible
manner despite possible differences among individuals in the amount
of time lag between activity and effect, so as to keep the person

motivated to carry on the activity.

Solution to Problem
[0007] The invention is defined in the independent claims.
Some optional features of the invention are defined in the dependent
claims.
[0008] The invention according to claim 1 is

a health monitoring assist system, including:

an activity index data acquisition unit that acquires
time-series data of an activity index indicative of an amount of

an activity conducted by a subject;



a biological index data acquisition unit that acquires
time-series data of a biological index measured from, and relating
to health of, the subject;

a time lag estimation unit that estimates an amount of time
lag between a change in the activity index and a resultant change
appearing in the biological index based on a result of comparison
between the time-series data of the activity index and the
time-series data of the biological index; and

an information presentation unit that provides the subject
with assist information that indicates that an effect caused by
the activity of the subject is apparent in a value of the biological
index after the amount of time lag froma time point when the activity
was conducted, based on an estimation result of the time lag
estimation unit,

wherein the assist information includes a graph plotting the
time-series data of the activity index and shifted by the amount
of time lag, and a graph plotting the time-series data of the
biological index.

[0009] A "biological index"™ here refers to an indicator
relating to a person's health measured from a person or samples
collected from a person. Examples of biological indexes include
blood pressure, pulse, body weight, body fat percentage, body fat
mass, muscle percentage, muscle mass, abdominal girth, BMI,
cholesterol level, blood glucose level, urinary glucose level, body
temperature, and so on. An "activity" is a movement or behavior
that may affect health (biological index). While exercises such

as walking, 3jogging, and swimming are regarded as typical



activities, other physical activities in everyday life other than
exercises (such as commuting and household chores), as well as
sleeping, resting, eating, taking/administering medicine, and
taking supplements, are also considered as activities. An
"activity index" indicates a quantified amount of an activity, and
may be, for example, a number of steps, distance, duration of
exercise, amount of exercise (calories burned), amount of activity
(intensity of exercise multiplied by time), sleeping duration,
duration or number of rest, calories taken, dosage of medicine,
amount of supplements taken, and so on.

[0010] According to the invention set forth in claim 1, an
amount of time lag between a change in an activity index and a
resultant change appearing in a biological index is estimated, and
based on this estimation result, a subject is provided with assist
information that indicates that an effect caused by the activity
of the subject is apparent in a value of the biological index after
the amount of time lag from a time point when the activity was
conducted. Therefore, health monitoring assistance that takes
into account a time lag between activity and effect is made possible.
In addition, since the time lag between activity and effect is
estimated with the use of activity index and biological index data
of the subject him/herself, a causal relationship between an
activity conducted by the subject and its effect can be presented
in an accessible manner despite the difference in the amount of
time lag among individuals, so that the person can be kept motivated
to carry on the activity.

[0011] According to the invention set forth in claim 1, the



subject may intuitively understand the causal relationship between
an increase/decrease of the activity index and a change in the
biological index by visually comparing two graphs.
[0012] The invention according to claim 2 is

a health monitoring assist system according to claim 1,
wherein the assist information includes information indicative of
the amount of time lag.
[0013] According to the invention set forth in claim 2, the
subject can be made aware of his intrinsic physioclogical
characteristics that show how much the appearance of an effect of
his activity is delayed. Accordingly, the subject can realize what
changes in the biological index he/she should compare with the
increase or decrease of the activity index, and check the fruits
of past activities or notice deterioration of the biological index
caused by laziness. Also, the subject will be able to monitor his
health (such as planning an exercise, setting a weight loss goal,
or deciding dosage of medicine or timing of taking medicine) in
consideration of his own physiological characteristics.
[0014] The invention according to claim 3 is

a health monitoring assist system according to any one of
claims 1 or 2, wherein the assist information includes information
indicating a period, in a graph plotting the time-series data of
the biological index, in which a positive change caused by an
increase in the activity index is apparent in the biological index.
[0015] According to the invention set forth in claim 3, the

subject can easily grasp that an increase in the activity index



(e.g., past effort) directly leads to a positive change in the
biological index (e.g., health improvement), so that the person
can be motivated to carry out and continue to do the activity.
[0016] The invention according to claim 4 is

a health monitoring assist system according to any one of
claims 1 to 3, wherein the assist information includes information
indicating a period, in a graph plotting the time-series data of
the biological index, in which a negative change caused by a decrease
in the activity index is apparent in the biological index.
[0017] According to the invention set forth in claim 4, the
subject caneasily grasp that a decrease in the activity index (e.qg.,
past laziness) directly leads to a negative change in the biological
index (e.g., health deterioration). This way, the subject can be
encouraged to reflect upon him/herself and reminded of the
necessity of doing the activity continuously.
[0018] The invention according to claim 5 is

a health monitoring assist system according to any one of
claims 1 to 4, wherein the time lag estimation unit evaluates
intensity of a causal correlation between the time-series data of
the activity index and the time-series data of the biological index
with respect to a plurality of amounts of time lag, and selects
an amount of time lag with which the intensity of the correlation
is highest as the amount of time lag between the change in the
activity index and the resultant change appearing in the biological
index.
[0019] According to the invention set forth in claim 5, the

amount of time lag between an increase/decrease in the activity



index and a change in the biological index can be determined
suitably.
[0020] The invention according to claim 6 is

a health monitoring assist system according to claim 5,
wherein the time lag estimation unit evaluates the intensity of
the causal correlation between the time-series data of the activity
index and the time-series data of the biological index with the
use of transfer entropy.
[0021] According to the invention set forth in claim 6, the
intensity of the causal correlation between the activity index
(cause) and the biological index (result) is evaluated with the
use of transfer entropy, so that the amount of time lag between
an increase/decrease in the activity index and a change in the
biological index can be determined more suitably.
[0022] The invention according to claim 7 is

a health monitoring assist system according to any one of
claims 1 to 6, wherein the information presentation unit presents
the assist information to a terminal owned by the subject by wired
or wireless connection.
[0023] According to the invention set forth in claim 7, the
subject can check the <causal relationship between an
increase/decrease in the activity index and a change in the
biological index in the terminal the person owns, which is
convenient. Healthmonitoring assist services using the so-called
cloud computing may also be provided by adopting a configuration
in which the terminal and the health monitoring assist system are

connected via a wide-area network such as the Internet.



[0024] The invention according to claim 8 is

a terminal capable o0of communicating with the health
monitoring assist system according to claim 7 by wired or wireless
connection, including:

a request unit that transmits a request for assist information
to the health monitoring assist system together with information
for identifying the subject who owns the terminal; and

a display unit that displays the assist information received
from the health monitoring assist system.

[0025] According to the invention set forth in claim 8, the
subject can check the causal relationship Dbetween an
increase/decrease in the activity index and a change in the
biological index in the terminal the person owns, which is
convenient. Healthmonitoring assist services using the so-called
cloud computing may also be enjoyed by adopting a configuration
in which the terminal and the health monitoring assist system are
connected via a wide-area network such as the Internet. Since there
is no need for the terminal to store activity index data and
biological index data, or to calculate the time lag or produce assist
information, the terminal can be configured simply, and the
terminal cost can be reduced.

[0026] The invention according to claim 9 is

a terminal according to claim 8, further including a data
transmission unit that transmits data of an activity index of an
activity conducted by the subject and/or data of a biological index
measured from the subject to the health monitoring assist system.

[0027] According to the invention set forth in claim 9, data
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collection and management in the health monitoring assist system
can be achieved easily.
[0028] The invention according to claim 10 is

a terminal according to claim 8 or 9, further including a
measurement unit that measures the activity index.

[0029] According to the invention set forth in claim 10, a
single terminal can function as an activity index measurement
device as well as a device that provides the healthmonitoring assist
information, which is convenient.

[0030] The invention according to claim 11 is

a terminal according to claim 8 or 9, further including a
measurement unit that measures the biological index.

[0031] According to the invention set forth in claim 11, a
single terminal can function as a biological index measurement
device as well as a device that provides the healthmonitoringassist
information, which is convenient.

[0032] The invention according to claim 12 is

a program that makes a computer function as:

an activity index data acquisition unit that acquires
time-series data of an activity index indicative cf an amount of
an activity conducted by a subject;

a biological.index data acquisition unit that acquires
time-series data of a biological index measured from, and relating
to health of, the subject;

a time lag estimation unit that estimates an amount of time
lag between a change in the activity index and a resultant change

appearing in the biological index based on a result of comparison
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between the time-series data of the activity index and the
time-series data of the biological index; and

an information presentation unit that provides the subject
with assist information that indicates that an effect caused by
the activity of the subject is apparent in a value of the biological
index after the amount of time lag froma time point when the activity
was conducted, based on an estimation result of the time lag
estimation unit,

wherein the assist information includes a graph plotting the
time-series data of the activity index and shifted by the amount
of time lag, and a graph plotting the time-series data of the
biological index.
[0033] According to the invention set forth in claim 12, a
system that estimates an amount of time lag between a change in
an activity index and a resultant change appearing in a biological
index, and, based on this estimation result, provides a subject
with assist information that indicates that an effect caused by
the activity of the subject is apparent in a value of the biological
index after the amount of time lag froma time point when the activity
was conducted, can be realized. This system can provide health
monitoring assistance that takes into account a time lag between
activity and effect. In addition, since the amount of time lag
between activity and effect is estimated with the use of activity
index and biological index data of the subject him/herself, a causal
relationship between an activity conducted by the subject and its
effect can be presented in an accessible manner despite the

difference in the amount of time lag among individuals, so that



12

the person can be kept motivated to carry on the activity.
[0034] The invention according to claim 13 is

a program that makes a terminal capable of communicating with
the health monitoring assist system according to claim 7 by wired
or wireless connection function as:

a request unit that transmits a request for assist information
to the health monitoring assist system together with information
for identifying the subject who owns the terminal; and

a display unit that displays the assist information received
from the health monitoring assist system.

[0035] According to the invention set forth in claim 13, the
subject can check the causal relationship between an
increase/decrease in the activity index and a change in the
biological index in the terminal the person owns, which is
convenient. Healthmonitoring assist services using the so-called
cloud computing may also be enjoyed by adopting a configuration
in which the terminal and the health monitoring assist system are
connected via a wide-area network such as the Internet. Since there
is no need for the terminal to store activity index data and
biological index data, or to calculate the amount of time lag or
produce assist information, the terminal can be configured simply,

and the terminal cost can be reduced.
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Advant ageous Effects of Invention

[ 0036] The present invention can provide health nonitoring
assi stance that takes into account atine | ag between activity and
effect. Also, wth the present invention, a causal relationship
bet ween an activity conducted by a subject and its effect can be
presented in an accessi ble nmanner despite the difference anong
i ndi vidual s inthe anmount of tinme | ag between activity and effect,

so that the person can be kept notivated to carry on the activity.

BRI EF DESCRI PTI ON OF DRAW NGS

[ 0037] Fig. 1 is a function block diagram of a health
nmoni toring assi st system

Figs. 2(a) and 2(b) are configuration exanpl es of the
heal th nonitoring assist system

Figs. 3(a) and 3(b) are configuration exanpl es of the
health nonitoring assist system

Fig. 4 is an exanpl e of accunul at ed dat a of the nunber
of steps and bl ood pressure in a data storage unit.

Fig. 5is aflowhart show ng the process fl owof the
heal th nonitoring assist system

Fig. 6 is a diagram for explaining a process of
estimating an anmount of tine |ag.

Figs. 7(a) and 7(b) are charts for expl ai ni ng a process
of generating a user assisting graph.

Fig. 8 is a flowhart showing the flow of a process

of detecting a period of an apparent effect of exercise.



14

Fig. 9isachart show ng an exanpl e of adet ect ed peri od
of an apparent positive effect of exercise SP-posi.

Fig. 10 is a chart showing an exanple of joining
consecutive peri ods.

Fig. 11 is a diagram show ng one exanple of a user
assi sting graph.

Fig. 12is one exanpl e of atenpl ate storedin an assi st
message pattern nenory unit.

Fig. 13 is a display exanple of assist infornation
provi ded to a user.

Figs. 14(a) to 14(c) show one exanple of a result of
data anal ysis of a test subject.

Figs. 15(a) to 15(c) show one exanpl e of a result of
data anal ysis of a test subject.

Figs. 16(a) to 16(c) show one exanple of a result of
data anal ysis of a test subject.

Fig. 17is aresult of plotting test subjects data of

about 2000 cases.

DESCRI PTI ON OF EMBODI MENTS
[ 0038] As one pr ef er abl e enbodi nent of the present i nventi on,
a heal th noni toring assi st systemthat takes account of atinelag
between an activity and its effect will be described, and nore
particularly, a custom zed health nonitoring assi st systemt hat
t akes account of the difference in the tinme | ag anong i ndi vi dual s

and can provide assist information in accordance w th personal
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characteristics will be described. Below, the relationship
bet ween "exercise (walking)" and "hypotensive effect” wll be
descri bed first as one exanple of an "activity" and its "effect”,
followed by illustration of specific configurations for the
present ati on of causal rel ati onshi ps or anounts of ti ne | ag bet ween
activity and ef fect based ontine-series data of the nunber of steps
and bl ood pressure, and for provision of assist infornmation suited
to personal needs.
[ 0039] <Rel ati onship between exercise and hypotensive
ef fect>

Cont i nuous aerobi c exerci se such as wal ki ng has | ong been
known to be effective in preventing or treating hypertension
However, the rel ationship between the tine point of exercise and
the time period when t he hypot ensi ve effect owing to the exercise
appears has never been determ ned quantitatively.
[ 0040] The applicants of the present invention conducted an
anal ysi s of dataof al arge nunber of test subj ects based on a concept
of informationtheorycalled"transfer entropy (TE)", and confi rmed
fromthe result that in many cases there is a significant causal
rel ati onshi p bet ween ani ncrease/ decreasei nthe anount of exercise
(nunber of steps) and a change in the systolic blood pressure. In
addition, the applicants cane upon new findings that there is a
certaintinelag (del ay) between an i ncrease/ decrease i nthe nunber
of steps and a change in the bl ood pressure, and that the anount
of time lag (anplitude of tine lag) differs fromperson to person

and can be as short as about 1 week and as | ong as about 8 weeks
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(2 nont hs).

[ 0041] Transfer entropy i s a measure or net hod of eval uating
a causal relationship between two events X and Y in consideration
of atime | ag between the two events, accordi ng to whi ch the anount
of information transferred fromevent X to event Y after tine s
(entropy) is regarded as t he degree of i nfl uence of event X (cause)
on event Y (result) after time s (i.e., causal intensity). The
correlation coefficient is a simlar concept, but different from
the transfer entropy in that the correlation coefficient only
eval uates the intensity of rel evance between event X and event Y
(distributionsimlarity) and does not take account of the causal
direction (which event is the cause and which is the result) and
the tine |ag.

[ 0042] G ventime-series data of events Xand Y are expressed
as x(t) and y(t), and probability density functions as P(x(t)) and
P(y(t)), transfer entropy TExy(s) of the anount of tinelags, with
event X being the cause and event Y being the result, can be
cal cul ated by the follow ng formul a:

[ Mat hemat i cal Formul a 1]

P(y<r+s>,y<r>,x<r>)-P(ya))}

TEQ(@:{bgépbglﬂﬂ)PQ(Hﬂlyan

where P(a, b) represents variables of joint probability
density functions P(a) and P(b), and [*] represents tine average
of *.

[ 0043] As can be seen fromthe fornul a above, the transfer
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entropy can be calculated, if tine-series data of two events X and
Y and t he anount of tinelag s are provided. Wenthereis a causal

rel ati onship between events X and Y such that X is the cause and
Yis the result, TExy(s) > TEyx(s) is established between TExy(S)

and TEyx(s) which is a val ue obt ai ned t hrough cal cul ation with t he
cause and the effect being inverted. Therefore, by determ ning
whi ch of TExy(s) and TEyx(s) is | arger, we can determ ne whet her or

not thereis a causal relationship and the direction of causality.

The anount of tinel ag s between event X (cause) and event Y (result)

can al so be determ ned by cal cul ati ng the transfer entropy TExy(S)

with the value of s being varied, and by finding the value of s
with which TExy(s) becones the | argest.

[ 0044] Figs. 14(a) to 14(c) show a result of data anal ysis
of a test subject. Fig. 1l4(a) is a graph obtained by plotting
ti me-series dataof the nunber of steps and systolic bl ood pressure,

t he hori zontal axi srepresentingtinme (week), andthe vertical axis
representing the nunber of steps (steps) and bl ood pressure val ue
(mmg). Fig. 14(b) isagraphobtainedbyplottingtinme-seriesdata
of the nunber of steps with a shift by an anount sd (week), where
sdis the anount of tinme | ag when the transfer entropy i s nmaxi mnum

wi th t he nunber of steps being the "cause" and the bl ood pressure
val ue being the "effect”. Sd is one week in this exanple. From
t he graph of Fig. 14(b), one can see that an i ncrease/decrease in
t he nunber of stepsisreflectedasarise/dropof the bl ood pressure
about aweek |l ater. Fig. 14(c) shows an anount of tinme |l ag sd (week)

when t he transfer entropy i s maxi num the maxi numtransfer entropy
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TEmax, the correl ati on coefficient between the nunber of steps and
t he bl ood pressure (i.e., the correlation coefficient between the
nunber of steps and the bl ood pressure of Fig. 14(a)), and the
correl ation coefficient between the nunber of steps and t he bl ood
pressure after the shift by sd (i.e., the correlation coefficient
bet ween t he nunber of steps and t he bl ood pressure of Fig. 14(b)).
Fromthis, one can seethat thereis clearly anegative correl ation
bet ween t he nunber of steps and the bl ood pressure after a week,
i.e., the effect of exercise appears about a week | ater.
[ 0045] Figs. 15(a) to 15(c) and Figs. 16(a) to 16(c) show
results of data analysis of different test subjects. |In the case
of Figs. 15(a) to 15(c), the effect of the exercise appears with
a del ay of about 3 weeks, while the effect of the exercise appears
wi th a del ay of about 8 weeks in the case of Figs. 16(a) to 16(c).
[ 0046] Fig. 17 is aresult of plotting test subjects data of
about 2000 cases. The horizontal axi s representstheanount of tine
lag sd [week] while the vertical axis represents the maxi num
transfer entropy TEmax. |t can be seen that the anount of tinel ag
sd differs from person to person and can be as short as about 1
week and as | ong as about 8 weeks (2 nonths).
[ 0047]
<System Confi guration>

FIG 1is afunction block diagramillustrating the overall
configuration of the health nonitoring assi st systemaccording to
t he enbodi ment (hereinafter alsoreferredto sinply as "systent).

[ 0048] This system includes function blocks such as an
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activity index recordingunit 1, a biological index recording unit

2, a data transm ssion unit 3, a data storage unit 4, a data
acquisitionunit 5, atinelag estimation unit 6, a graph draw ng
unit 7, an assist nessage generating unit 8, an assist nessage
pattern nenory unit 9, an i mage synthesis unit 10, an output unit

11, andsoon. These function bl ocks can be confi gured by one devi ce,
or aplurality of devices that can comruni cate wi th each ot her by
a wred or wireless connection (specific exanples of device
configurations will be described later).

[ 0049] The activity index recordingunit 1is afunctionblock
that records an activity index (the nunber of steps in this
enbodi nent) that indicates the anobunt of an activity conducted by
a subject. The unit may be configured such that activity index
val ues aremanual |y i nput. Preferably, however, theactivityindex
recording unit 1 may be configured with a neasurenent devi ce such
as apassoneter or activitytracker sothat theactivityindexval ues
can be automatically neasured and recorded.

[ 0050] The biol ogical index recording unit 2 is a function
bl ock that records a biological index (blood pressure in this
enbodi ment) measured from the subject. This unit nmay also be
configured such that biol ogical index values are manual |y i nput,

but preferably, the biological index recording unit 2 may be
configured with a neasurenent device such as a sphygnomanonet er

so that the bi ol ogi cal index val ues can be automati cal |y nmeasured
and recorded.

[ 0051] The data transm ssion unit 3 is a function bl ock that
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transmts the activity index data recorded by the activity index
recording unit 1 and biological index data recorded by the
bi ol ogi cal index recording unit 2 to the data storage unit 4 to
be registered there. Inthis enbodinent, data St of the nunber of
steps of one day and data Bp of systolic bl ood pressure of each
day are registered in the data storage unit 4.

[ 0052] The data storage unit 4 i s a database for storing and
managi ng, in a tine-series manner, the activity index data and
bi ol ogi cal index data received via the data transm ssion unit 3.
In this enbodi ment, tinme-series data St(t) of the nunber of steps
andtine-seriesdataBp(t) of thesystolic bl oodpressure are stored.
If this systemis to be used by a plurality of users, the data need
to be collected and stored for each of different users. In this
case, the time-series data St(t) and Bp(t) nay be managed in
associationw th user I Ds for di stingui shingone user fromanot her.
[ 0053] The data acquisition unit 5is a function bl ock that
acquiresthetine-series data St(t) and Bp(t) fromthe dat a st orage
unit 4 to be used for data analysis and generation of assist
information. InFig. 1, onefunctionblock5representsanactivity
i ndex data acquisitionunit that acquires the time-series data of
the activity index and a biol ogical index data acquisition unit
that acquires the tinme-series data of the biological index.

[ 0054] Thetinelagestimationunit 6is afunction bl ock that
estimates an anount of tine | ag between a change in the activity
i ndex and aresul tant change appearinginthe bi ol ogi cal i ndex based

on a result of conparison between the tine-series data of the
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activity index and the tinme-series data of the biological index
acquired by the data acquisition unit 5. Thetime |lag estimation
unit 6 of this enbodi nent eval uates transfer entropy between the
nunber of steps (cause) and t he bl ood pressure (effect), usingthe
time-series data St(t) of the nunber of steps and the tine-series
data Bp(t) of the bl ood pressure, and determ nes an anount of tine
lag sd, with which a maxi numval ue of transfer entropy TEmax is
achi eved.

[ 0055] The graph drawing unit 7, assist nessage generating
unit 8, assi st nessage pattern nenory unit 9, i mage synthesis unit
10, and output unit 11 are agroup of functi on bl ocksthat constitute
aninformation presentation unit that provides assist i nformation
regardi ng health nonitoring to a subject based on the estinmation
result of the tinme lag estimation unit 6. The assist information
is apieceof information that shows the subject, in an accessi ble
manner, that t he ef fect caused by anactivity of the person (wal ki ng)
is apparent in a biological index (blood pressure) value with a
time lag sd froma tinme point when the activity was conducted. In
this enbodi nent, the assist information is provided in the form
of agraph and an assi st mnessage. The graph draw ngunit 7 generat es
a graph based onthe tine-series data St(t) and Bp(t) of the nunber
of steps and bl ood pressure, and on the infornmation such as the
anount of tinme |ag sd, maxi num val ue of transfer entropy TEnmax,
and so on that are calculated at the tine | ag estimation unit 6.
The assi st nessage generating unit 8 generates an assi st nessage

based on the i nformati on such as the anmount of tine |ag sd and t he
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maxi mumval ue of transfer entropy TEmax t hat are cal cul ated at the
time lag estimati on unit 6, an anount of change in the nunber of
steps Ds, an anount of change i n the bl ood pressure Db, and peri ods
of an apparent effect of exercise SP-posi and SP-nega that are
cal cul ated at the graph drawing unit 7, with the use of a nessage
tenpl ate registered in the assist nmessage pattern nenory unit 9.
The t hus generated graph and assi st nessage are i ntegrated by t he
i mage synthesis unit 10 and out put to a di spl ay devi ce or external
term nal by the output unit 11. Specific processes of generating
assist information and specific exanples of graphs and assi st
messages W Il be described |ater.
[ 0056] <Exanpl e of System Confi guration>

The health nonitoring assist system of Fig. 1 can adopt
vari ous system configurations. Specific exanples of system
configurations are showm in Fig. 2(a) to Fig. 3(b).
[ 0057] Fig. 2(a) i s one exanpl e of t he heal th noni t ori ng assi st
system configured with one device 20. This device 20 can be
configured wi th a general - purpose personal conputer that has a CPU
(central processing unit), a main nenory device (nmenory), an
auxi liary menory device (hard disc, sem conductor disc, and the
i ke), aninput devi ce (keyboard, nouse, touchscreen, andthelike),
a display device (liquid crystal nonitor and the like), and a
communi cation IF. The device 20 may al so be configured as ot her
equi pnent that offers the sane or simlar functions as those of
personal conputers such as a tablet termnal, smart phone, or PDA

(personal digital assistant). Alternatively, the device 20 nmay be
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configured with a dedi cat ed machi ne i ncorporating a single board
conputer therein. In the configuration of Fig. 2(a), a user
operates an i nput device to i nput activity i ndexes and bi ol ogi cal
i ndexes, and assist information is output to a display device.

[ 0058] Fig. 2(b) is an exanple in which a passoneter 21 and
a sphygnmomanonet er 22 are used i n conbi nation with the devi ce 20.
Dat a neasured with the passoneter 21 and sphygnomanoneter 22 are
transmtted to the device 20 by a wi red connection (e.g., via USB)
or wirelessly (e.g., via Bluetooth® or WFi). In this
configuration, the activity index recording unit 1 and bi ol ogi cal
i ndex recording unit 2 of Fig. 1 are configured by the passoneter
21 and sphygnomanonet er 22, respectively, and the functions of the
data transm ssion unit 3 are realized by the data transm ssion
functions incorporated in the passoneter 21 and sphygnomanonet er
22. The assist informati on nmay be out put to the di spl ay devi ce of
the device 20, or transmtted to the passoneter 21 or
sphygnonmanonet er 22 and out put tothe di splay unit of t he passonet er
21 or sphygnomanoneter 22.

[ 0059] Fig. 3(a) is one exanpl e of cloud conputing, in which
the data storage unit 4 of Fig. 1is configured by an online storage
30. Inthe configuration of Fig. 3(a), aterm nal 31 operated by
a subj ect has the functions of the data transm ssion unit 3, data
acquisition unit 5, tinme lag estimation unit 6, and information
presentationunit of Fig. 1, and executes t he upl oadi ng of the data
measured with the passoneter 21 and sphygnomanoneter 22,

downl oadi ng of the tine-series data, and generation and displ ay
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of the assist information. The termnal 31 nmay be configured by
a personal conputer, tablet termnal, smart phone, or other
dedi cated machine, simlarly to the device 20 shown in Figs. 2(a)
and 2(b). |If the passoneter 21 or sphygnomanoneter 22is accessi bl e
to the Internet, the data nay be uploaded to the online storage
30 directly fromthe passoneter 21 or sphygnonmanoneter 22.
[ 0060] Fig. 3(b) also shows an exanple of cloud conputing.
The difference fromFig. 3(a) is that a cloud server 32 serves t he
functions of the data storage unit 4, data acquisitionunit 5, tinme
|l ag estimation unit 6, and information presentation unit of Fig.
1. Atermnal 33 operated by a subj ect need only i ncl ude functi ons
such as a request unit that requests assist information fromthe
cloud server 32, and a display unit that displays the assist
information received fromthe cl oud server 32. ldentification of
t he subj ect may be achi eved, for exanple, by including a user ID
intherequest for assist i nformation, or by user | Daut henti cati on
The configurationof Fig. 3(b) i s preferabl e when heal th nonitoring
assi st service is provided by an application of a tablet term nal
or smart phone, in particular, sincethetermnal 33 requires |ess
resources (such as data capacity and operation performance) and
can be configured sinply.
[ 0061] <Syst em oper ati on>

Next, specific exanpl es of processes perfornedbythissystem
of analyzing data and of generating and displaying assist
information, will be descri bed.

[ 0062] As a precondition, the data storage unit 4 already
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cont ai ns data of the nunber of steps and bl ood pressure a subj ect
has recorded over a certain period of tinme (of, for exanple, one
month or nore). FIG 4 shows one exanple of a data structure of
the data storage unit 4. The information on the nunber of steps
St and bl ood pressure Bp is stored together with the information
on the neasurenent dates.

[ 0063] The process fl owof this systemw || be expl ai ned al ong
the flowhart of Fig. 5.

[ 0064] At step Sl1, the data acquisition unit 5 acquires
time-series data St(t) of the nunber of steps and ti nme-series data
Bp(t) of the systolic blood pressure fromthe data storage unit
4. Here, the data of all the periods stored in the data storage
unit 4 may be acquired, or, the data of a predeterm ned period (for
exanpl e, of the immedi ate nonths n) nay be acquired.

[ 0065] At step S2, thetine lag estimation unit 6 cal cul ates
atransfer entropy val ue TEsb(s), with the nunber of steps St bei ng
t he cause and the bl ood pressure Bp being the effect, as well as
a transfer entropy val ue TEbs(s), with t he bl ood pressure Bp bei ng
t he cause and t he nunber of steps St being the effect, with respect
toaplurality of ambunts of tinelags =0, 1, ..., sm Here, the
unit of anount of tinme lag s is "day", as is the tinme unit with
whi ch the nunber of steps St and bl ood pressure Bp are recorded.
"sm' is a preset maxi numnunber of days after which the effect of
exerci se coul d possibly appear. Here, sm= 60 (days).

[ 0066] At step S3, thetinelag estimation unit 6 defines the

| argest one of the transfer entropy val ues TEsb(s) cal cul ated at
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step S2 that satisfy TEsb(s) > TEbs(s) (nanely, of those with the
direction of cause and effect being fromthe "nunber of steps” to
t he "bl ood pressure") as TEmax, and records t he anount of tine | ag
sd with this maxi rumvalue. This maxi numtransfer entropy val ue
TEmax i s defined as causality intensity between the nunber of steps
and the bl ood pressure. For exanple, if the calculation at step
S2 has produced the results shown in Fig. 6, the nmaxi mumtransfer
entropy val ue TEmax and the anmount of tinme |lag sd are determ ned
as 0.423 and 15, respectively. Throughthe process descri bed above,
the delay characteristics (amobunt of tine |ag sd being 15 days)
of theeffect of exerciseintrinsictothissubject canbe esti nated.
[ 0067] Next, the process goes on to the step of generating
assi st information by the information presentationunit. Inthis
enbodi ment, a user assisting graph is generated at step S4, and
a user assisting nessage is generated at step S5. Each of these
steps will be described in detail bel ow
[ 0068] (Step S4) Ceneration of a user assisting graph
First, the graph drawing unit 7 receives tine-series data
St(t) of the nunber of steps and tinme-series data Bp(t) of the
systolic blood pressure fromthe data acquisition unit 5, and
creates a line graph, with the horizontal axis representing tine
(days) and the vertical axis representing the nunber of steps
(steps) and bl ood pressure (mmHg). Fig. 7(a) i s one exanpl e of the
graph, the line 70 representing the nunber of steps and the line
71 representing the bl ood pressure.

[ 0069] Next, the graph drawing unit 7 shifts the line 70 to
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the right by the amount of tinme lag sd determned at step S3
(alternatively, the line 71 of the bl ood pressure may be shifted
tothe left by sd). Fig. 7(b) is one exanple of the graph after
the shift, the line 72 representing the nunber of steps shifted
totheright by sd. Hereinafter, such a graph in which one of the
lines has been shifted by the anobunt of tine lag sd as shown in
Fig. 7(b) will be referred to as "tine-adjusted graph of nunber
of steps and bl ood pressure".

[ 0070] Next, the graph drawing unit 7 detects a period of an
apparent positive effect of exercise SP-posi and a period of an
appar ent negative ef fect of exerci se SP-negafromtheti ne-adjusted
gr aph of nunber of steps and bl ood pressure. Here, the "period of
an apparent positive effect of exercise" refersto aperiodinthe
ti me-adjusted graph of nunber of steps and bl ood pressure where
t he nunber of steps increases while the bl ood pressure decreases,
and t he "peri od of an apparent negative effect of exercise" refers
to a periodinthe graph where the nunber of steps decreases while
t he bl ood pressure i ncreases. There can be various approaches to
detect the periods of apparent positive and negative effects of
exercise, and Fig. 8 shows one exanpl e.

[ 0071] Inthe foll ow ng description, Sday and Eday represent
vari ables indicating the date of starting cal cul ati on and t he date
of ending calculation, respectively, and Db and Ds represent
vari abl es i ndicating the change in bl ood pressure and t he change
i n nunber of steps, respectively. Bp(t) and St(t) respectively

represent a blood pressure value and a nunber of steps on a
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particular day t (the nunber of steps St(t) having been shifted
by the anount of tine lag sd). Also, it is assunmed that suitable
val ues are preset for the follow ng threshol ds.

ThSpan: Maxi num period (of, e.g., 7 days) for calculating
t he anobunt of change

ThDi fBp: Differential val ue (positiveval ueof, e.g., 3mHg)
for determ ning that the bl ood pressure has risen/dropped

ThDifSt: Differential value (positive value of, e.g., 1000
steps) for determning that the nunber of steps has
i ncreased/ decr eased
[ 0072] Once the process of Fig. 8 starts, the graph draw ng
unit 7 assigns 1 to the calculation start day Sday (step S800),
and assigns Sday + 1 to the cal cul ati on end day Eday (step S801).
When there are data of the nunber of steps and bl ood pressure for
t he cal cul ati on end day Eday, the process goes to step S803, whil e,
if there are no data of the nunber of steps and bl ood pressure,
the process goes to step S813 (step S802).
[ 0073] At steps S803 and S804, the graph drawing unit 7
cal cul ates the anmount of change in the bl ood pressure Db and the
anount of change in the nunber of steps Ds between the cal cul ation

start day Sday and the cal cul ati on end day Eday by the foll ow ng

equat i ons:
Db = Bp(Eday) - Bp(Sday)
Ds = St (Eday) - St(Sday)
[ 0074] Successi vel y, a period of an apparent positive effect

of exerci se SP-posi is determ ned (step S805). More specifically,



29

if the anpbunt of change in the blood pressure Db satisfies a
condition"Db<-1xThDi fBp", andt he anount of change i nthe nunber
of steps Ds satisfies acondition"Ds >ThDifSt" (step S805: Yes),
the graph drawing unit 7 records the period from Sday to Eday as
SP- posi (step S806), and t he process goes to step S811. |If Db and
Ds fail to satisfy the conditions above (step S805: No), it is
determ ned that no positive effect of exercise is apparent, and
the process goes to step S807.

[ 0075] At step S807, a period of an apparent negative effect
of exercise SP-nega is determned. Mire specifically, if the
anount of change in the bl ood pressure Db satisfies a condition
"Db > ThDi fBp", and the anpunt of change in the nunber of steps
Ds satisfies acondition"Ds <-1 xThD fSt" (step S807: Yes), the
graph drawi ngunit 7 records the periodfromSday t o Eday as SP- nega
(step S808), and the process goes to step S811. |If Db and Ds fail
to satisfy the conditions above (step S807: No), it is determ ned
that no negative effect of exercise is apparent, and the process
goes to step S809.

[ 0076] After that, Eday is increnented by 1 (step S809), and
the steps from S802 to S809 are repeated (step S810) until Eday
reaches ThSpan. That is, it is determ nedwhether or not t he peri od
gual i fies as the peri od of an apparent effect of exercise eachtine
as the length of the period is extended by one day (the shortest
being 1 day and the |ongest being ThSpan). Thereby, not just

day-to-day changes in the nunber of steps and bl ood pressure but
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the trend of nacro changes within arelatively | ong period can be
eval uated, sothat the possibility of m ssing out aperiodinwhich
t he ef fect of exerciseis apparent i sreduced. One exanpleinwhich
a period of an apparent effect of exercise is detected by changi ng

the l ength of the period will be described with reference to Fig.

9.
[ 0077] Fig. 9 shows an exanple of detecting a period of an
apparent positiveeffect of exerciseSP-posi. InFig. 9, thenunber

of steps St(t) is increasing, while the blood pressure Bp(t) is
decr easi ng. However, the period from Sday to Eday-1 is not
det erm ned as SP-posi, because t he amount of change in t he nunber
of steps Ds = St (Eday-1) - St(Sday) does not satisfy the condition
Ds > ThDifSt. However, in the process of checking the period from
Sday t o Eday aft erwards, t he anount of change inthe bl ood pressure
Db = Bp(Eday-1) - Bp(Sday) satisfies "Db < -1 x ThDi fBp" as well
as the amount of change in the nunber of steps Ds = St(Eday) -
St (Sday) satisfiesthecondition"Ds >ThDifSt", sothat the period
fromSday to Eday is detected as a period of an apparent positive
ef fect of exercise SP-posi.

[ 0078] When the determ nati on process of a period with the
calculation start day Sday as a starting point is conplete, the
graph drawing unit 7 renews the cal cul ation start day Sday (step
S811), by Sday = Eday + 1. Wen there are data of the nunber of
steps and bl ood pressure for the renewed Sday, the process goes
back to step S801 and t he process stepis repeated, while, if there

are no data of the nunber of steps and bl ood pressure, the process
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goes to step S813 (step S812).

[ 0079] At step S813, if any of the plurality of detected
peri ods of apparent effect of exercise are consecutive, the graph
drawing unit 7 joins these consecutive periods. A period of an
apparent positive effect of exercise SP-posi and a period of an
apparent negative effect of exercise SP-nega are not joined with
eachother. Fig. 10shows an exanpl e of j oi ni ng consecuti ve peri ods.
The graph on the left side in Fig. 10 shows detected SP-posi and
SP- nega, whil ethe graphontheright side shows SP-posi and SP- nega
after consecutive periods have been joined together. Adjacent

peri ods only may be j oi ned together, or, if the peri ods adj oi n each
other wwthavery short interval (of, e.g., onedaytoseveral days),

t hey may be regarded as consecutive periods and joi ned t oget her.

[ 0080] The graph drawing unit 7 generates a user assisting
graphto be presentedtothe user, basedontheinformation obtai ned
t hrough t he processes descri bed above. Fig. 11 is one exanpl e of

auser assistinggraph. Inthisexanple, twographs are shown. The
graph on the I eft side includes aline representing the nunber of

steps 110, plotting the tinme-series data of the nunber of steps,

and a line representing the blood pressure 111, plotting the
time-series data of the blood pressure, as well as a line
representing the effect of exercise 112 obtained by shifting the
nunber - of -steps | i ne 110 by an anount of tinme | ag, and i nformati on
113 indicating the amount of tine lag (3 days in this exanple).

The graph on the right side shows a peri od of an apparent positive

ef fect of exercise 114 and a peri od of an apparent negative effect
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of exercise 115 drawn over the blood pressure 111 and the
effect-of-exercise line 112. There can be a plurality of periods
of an apparent effect of exercise, all of which nay be drawn over
the graph, or only a typical one (such as the | ongest one) may be
drawn over the graph. Captions for various elenents may be set
suitably as required.
[ 0081] (Step S5) Ceneration of a user assisting nessage

At step S5, the assist nessage generating unit 8 generates
a user assisting nessage based on the results of the process from
step S2 to step S4. Any information nmay be presented as a user
assi sting nessage, as long as it is useful for the user to nonitor
his health or continue to take exercise. |In this enbodi nent, as
one exanple, the user assisting nessage includes two types of
information, the first nessage including an evaluation of the
exerci se carriedout by the user and/ or advi ce for future exercise,
and t he second nessage i ncl udi ng del ay characteristics (anount of
time lag) of the effect of exercise of the user in question.
[ 0082] Fig. 12 shows one exanple of a tenplate stored in an
assi st nmessage pattern nenory unit 9. The assi st nessage pattern
menory unit 9 includes a first table 120 in which a plurality of
tenpl ates for the first nessage are regi stered, and a second t abl e
121 in which a plurality of tenplates for the second nessage are
regi stered. These tenplates nay be registered in advance inthis
system or nay be added, edited, and deleted by a system
admnistrator or a user. Each of the tenplates is registered

correspondingtoaconditionw thwhichthetenpl ate can be sel ect ed.
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The condition for selection may be set, for exanpl e, using any of
t he val ues obt ai ned through the process fromstep S2 to step $4,
such as causal intensity (maxi rumtransfer entropy) TEmax, nunber
of steps St, blood pressure Bp, change i n the nunber of steps Ds,
change i n t he bl ood pressure Db, and anmount of tinelag sd. Inthe
exanple of Fig. 12, the tenplate for the first nessage is
corresponded to a selection condition that is a conbination of
causal i ntensity TEmax, and change i nthe bl ood pressure Db or change
inthe nunber of steps Ds. The tenplate for the second nessage i s
corresponded to causal intensity TEmax as a sel ection condition.
The string of characters between "<$" and ">" enbedded in the
tenplate is the part replaced with the val ue obtai ned t hrough t he
process fromstep S2 to step S4 when a user assisting nessage is
gener at ed.

[ 0083] For exanple, if the foll ow ng val ues are obtai ned as
a result of the process fromstep S2 to step $4:

SP-posi: From February 5, 2013 to February 12, 2013

TEmax: 0. 53
sd: 3

Db: 14

Ds: 2050,

the assist nessage generating unit 8 selects the second
tenplate fromthe first table 120, and generates a first nessage
t hat says:

"Look at the period fromFebruary 5, 2013 to February 12,

2013. You did a very good job, as a result of which the bl ood
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pressure | owered by as nmuch as 14 nmmHg. Well done!™ At the sanme
time, the first tenplate is selected fromthe second table 121,
and a second nessage is generated that says:

"You are of a type who feels the effect of exercise in about
t hree days".
[ 0084] The thus generated wuser assisting nessage isS
integrated into a specified region of the user assisting graph by
t he i mage synthesi s unit 10 (step S6) and out put to a di spl ay devi ce
or external termnal by the output unit 11 (step S7). Fig. 131is
a display exanple of assist information. The first nessage is
di spl ayed i n an upper part of the screen, while the second nessage
i s displayed in the upper part of the graph onthe left side. The
user, upon vi ew ng such assist information, can realize the del ay
characteristics of the effect of exercise of his own, as well as
intuitively understand and be convinced of the effect of the
exerci se.
[ 0085] <Advant ages of this systene

The system descri bed above can provide health nonitoring
assi stance that takes into account atine | ag between an activity
and its effect. In particular, since the amount of tinelag sdis
estimated with the use of data of the nunber of steps and bl ood
pressure of the user himherself, a causal relationship between
the exercise the user did and its effect can be presented in an
accessi bl e manner despite the difference in the anount of tinme |l ag
sd anong individuals, so that the user can be kept notivated to

carry on the exercise.
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[ 0086] The user can understand his intrinsic physiologica
characteristics, whichis that the effect caused by t he exercise
appears wi t h a del ay of about 3 days, by | ooki ng at t he screen shown
inFig. 13. Accordingly, the user can realize what changes in the
bl ood pressure he/ she shoul d conpare with the i ncrease or decrease
of the nunber of steps, and check the fruits of past exercises or
notice deterioration of the blood pressure caused by | aziness.
Al so, the user will be able to nonitor his health (such as pl anni ng
an exerci se, settingagoal of the nunber of steps or bl ood pressure)
in consideration of his own physiol ogical characteristics.

[ 0087] The wuser can intuitively understand the causa
rel ati onshi p (negative correl ati on) betweentheincrease/ decrease
in the nunber of steps and the change in the bl ood pressure by
visually conparing the graph of the effect of exercise (line
representing the nunber of steps after the shift) and the graph
of the bl ood pressure in the screen shown in Fig. 13. Mboreover,
t he di spl ay of a period of an apparent positive effect of exercise
SP-posi allows the user to easily grasp that an increase in the
nunber of steps (i.e., past effort) directly | eads to a positive
change in the bl ood pressure (i.e., a drop of blood pressure), so
that the user can be notivated to carry out and continue to take
the exercise. Mdireover, the display of a period of an apparent
negati ve ef fect of exercise SP-nega all ows the user alsoto easily
grasp that a decrease inthe nunber of steps (i.e., past | azi ness)
directly leads to a negative change in the bl ood pressure (i.e.,

a rise of blood pressure). This way, the user can be encouraged
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toreflect upon himl herself and rem nded of the necessity of taking
t he exerci se continuously.
[ 0088] <Vari ation Exanpl e>

The configurationinthe enbodi nent descri bed above i s shown
only toillustrate one specific exanple of the present invention
and not intendedto limt the scope of the present invention. The
present invention can adopt various specific configurations
wi thout departing from the technical concepts of the present
i nvention.
[ 0089] For exanple, inthe process of step S1inFIG 5, sone
data in the data storage unit 4 may be left out (mssing). Data
can be m ssing for various reasons, for exanpl e, sone data may have
beenfailedtobeenteredintothe datastorageunit 4, or t he nunber
of steps or blood pressure nay have been failed to be neasured,
or sone errors may have occurred in the neasurenent device or
conputer. Such m ssing data may be detrinental to the processing
of tinme-series data. The data acquisition unit 5 therefore may
carry out a process of conplenenting mssing data using the
precedi ng and fol |l ow ng data. For exanple, a m ssing part of data
may be created by linearly interpolating data points before and
after the mssing part, or by nearest neighbor interpolation
(wherein mssing data points are nade the sane as the preceding
or follow ng data point).
[ 0090] Wil etime-series dat aby day was usedi nthe enbodi nment
descri bed above, average val ues of the nunber of steps and bl ood

pressure per week may be cal cul ated, so that the time-series data
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by day can be convertedto tine-series data by week, and t he causal

rel ati onshi p bet ween exerci se and ef fect may be anal yzed usi ng t he
ti me-series databy week. By usingaverage val ues per week, m ssi ng
data points and outliers are elimnated fromthe data, so that the
reliability of the anal ysis can be expected to i nprove. The unit
may not necessarily be week, but may be N days (N > 1), or nonth.

[ 0091] Al though "exercise (walking)" and "hypotensive
effect” are given as exanples of "activity" and "effect”, and
"nunber of steps” and "blood pressure” are given as exanpl es of
"activityindex" and "bi ol ogi cal i ndex" i nthe enbodi nent descri bed
above, the present invention can be applied to a w der range t han
this. Various other applications are possi bl e suchas, for exanpl e,
anal yzing a "wei ght | oss effect” by an "exercise (wal king)" from
time-series data of the "nunber of steps"” and "body weight”

analyzing a "weight loss effect"” by a "physical activity" from
time-series data of the "anpunt of exercise (calories burned) or
anount of activity (netabolic equivalent of task nultiplied by
tinme)" and "body fat percentage”, and analyzing an "effect of
medi ci ne" by "taking nmedicine" fromtime-series data of the "dose

of nmedicine” and "bl ood gl ucose | evel".

Ref erence Signs Li st

[ 0092] 1: Activity indicator recording unit
2: Bi ol ogi cal marker recording unit
3: Data transm ssion unit

4: Data storage unit
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CLAIMS

1. A health monitoring assist system, comprising:

an activity index data acquisition wunit that acquires
time-series data of an activity index indicative of an amount
of an activity conducted by a subject;

a biological index data acquisition unit that acquires
time-series data of a Dbiological index measured from, and
relating to health of, the subject;

a time lag estimation unit that estimates an amount of
time 1lag between a change 1in the activity index and a
resultant change appearing in the bioclogical index based on a
result of comparison between the time-series data of the
activity index and the time-series data of the bioclogical
index; and

an information presentation wunit that provides the
subject with assist information that indicates that an effect
caused by the activity of the subject 1is apparent in a value
of the biological index after the amount of time lag from a
time point when the activity was conducted, based on an
estimation result of the time lag estimation unit,

wherein the assist information includes a graph plotting
the time-series data of the activity index and shifted by the
amount of time lag, and a graph plotting the time-series data

of the biological index.
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2. The health monitoring assist system according to
claim 1, wherein the assist information includes information

indicative of the amount of time lag.

Bu, The health monitoring assist system according to any
one of claims 1 to 2, wherein the assist information includes
information indicating a period, in a graph plotting the time-
series data of the bioclogical index, in which a positive
change caused by an increase in the activity index is apparent

in the biological index.

4. The health monitoring assist system according to any
one of claims 1 to 3, wherein the assist information includes
information indicating a period, in a graph plotting the time-
series data of the biological index, in which a negative
change caused by a decrease in the activity index is apparent

in the biological index.

5. The health monitoring assist system according to any
one of claims 1 to 4, wherein the time lag estimation unit
evaluates intensity of a causal correlation between the time-
series data of the activity index and the time-series data of
the biological index with respect to a plurality of amounts of
time lag, and selects an amount of time lag with which the
intensity of a correlation is highest as the amount of time

lag between the change in the activity index and the resultant
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change appearing in the bioclogical index.

6. The health monitoring assist system according to
claim 5, wherein the time lag estimation unit evaluates the
intensity of the causal correlation between the time-series
data of the activity index and the time-series data of the

biological index with use of transfer entropy.

7. The health monitoring assist system according to any
one of claims 1 to 6, wherein the information presentation
unit presents the assist information to a terminal owned by

the subject by wired or wireless connection.

8. A terminal capable of communicating with the health
monitoring assist system according to claim 7 by wired or
wireless connection, comprising:

a request wunit that transmits a request for assist
information to the health monitoring assist system together
with information for identifying the subject who owns the
terminal; and

a display unit that displays the assist information

received from the health monitoring assist system.

9. The terminal according to claim 8, further
comprising a data transmission unit that transmits data of an

activity index of an activity conducted by the subject and/or
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data of a biological index measured from the subject to the

health monitoring assist system.

10. The terminal according to c¢laim 8 or 9, further

comprising a measurement unit that measures the activity index.

11. The terminal according to claim 8 or 9, further
comprising a measurement unit that measures the biological

index.

12. A program that makes a computer function as:

an activity index data acquisition wunit that acquires
time-series data of an activity index indicative of an amount
of an activity conducted by a subject;

a biological index data acquisition unit that acquires
time-series data of a biological index measured from, and
relating to health of, the subject;

a time lag estimation unit that estimates an amount of
time lag between a change in the activity index and a
resultant change appearing in the biclogical index based on a
result of comparison between the time-series data of the
activity index and the time-series data of the biological
index; and

an information presentation unit that provides the
subject with assist information that indicates that an effect

caused by the activity of the subject is apparent in a value
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of the biological index after the amount of time lag from a
time point when the activity was conducted, based on an
estimation result of the time lag estimation unit,

wherein the assist information includes a graph plotting
the time-series data of the activity index and shifted by the
amount of time lag, and a graph plotting the time-series data

of the biological index.

13. A program that makes a terminal capable of
communicating with the health monitoring assist system
according to claim 7 by wired or wireless connection function
as:

a request unit that transmits a request for assist
information to the health monitoring assist system together
with information for identifying the subject who owns the
terminal; and

a display wunit that displays the assist information

received from the health monitoring assist system.



