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(54) METHOD FOR DETERMINING WATER DEFICIENCY IN A PERSON’S BODY

(57)  Determining a state of water deficiency in a hu-
man body during daily life activities is done by measuring
an impedance of a portion of the human body at a low
frequency and at a high frequency. An amount of fluid in
the body tissues in the volume under study is assessed
based on the impedance at the high frequency. A current
amount of extracellular fluid in the tissues in the volume
is assessed based on the impedance at the low frequen-
cy. A reference value of the assessed amount of extra-
cellular fluid in the tissues is preselected at the start of
measurements. A correction value is determined based
on the changes in blood amount in the volume at the
current measurement time. A corrected assessment val-
ue is the determined. Using the corrected assessment
value, the onset of water deficiency is determined.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to diagnostics, in particu-
lar, to determining a state of water deficiency in a human
body during daily life activities by measuring an imped-
ance value of a portion of the human body.

BACKGROUND OF THE INVENTION

[0002] The authors are unaware of other methods of
determining the need to replenish the supply of water in
a human body during daily life activities by measuring
the impedance of a portion of the human body.

[0003] Various methods are known to be used for
measuring a balance and distribution of water in ahuman
body, mainly for medical purposes.

[0004] Forexample, US Pat. No. 5,469,859 published
on November 28, 1995 (IPC A61B 5/085) discloses a
method for determining basic cardiorespiratory parame-
ters of a human body. The parameters are determined
by applying electrodes to the patient’'s hands and feet to
measure an amount of extracellular fluid and its balance
in the entire patient’s body. The measurements are made
for medical purposes. The above patent does not teach
determining a state of water deficiency in a human body
during daily life activities.

[0005] RU Pat. No. 2314750 published on 20.01.2008
(IPC AB1B 5/05) teaches a method for system-related
evaluation of blood and fluid dynamics in a human body.
According to that method, electrodes are applied to pa-
tient’s head and extremities for measuring the impedance
of various portions of the human body. Slow and violent
changes in the impedance are registered and blood and
fluid dynamics in peripheral parts and the entire human
body is calculating based on those measurements. The
method is intended for medical purposes, including mon-
itoring of patient’s health condition and selecting medical
treatment methods.

[0006] US Pat. No. 8,406,865 published on March 26,
2013 (IPC A61B5/00) discloses a system for determining
physiological parameters of a human body by measuring
an impedance of human body portions via applied elec-
trodes and consequent data processing, which is the
closest to the present invention. The primary object of
this invention is to determine cardiac and respiratory per-
formance based onimpedance measurements. The sys-
tem enables determination of a water fraction in the lean
body mass (i.e. total body mass minus the mass of body
fat), a total volume of extracellular fluid, as well as a fluid
balance index in the entire patient’s body. The system is
intended for medical use and does not provide for deter-
mining a state of water deficiency in a human body during
daily life activities.

[0007] A limitation common to those methods is that
they are intended for medical purposes only and provide
for determining an amount of bodily fluid based on im-
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pedance measurements of different portions of a human
body.

[0008] Since the above methods are primarily used for
making measurements in a hospital environment, when
the patient is in a quiescent state, they are not applicable
for making measurements in everyday life, during work,
sports activities, etc.

[0009] The applicants are unaware of any methods al-
lowing for determining a state of water deficiency in a
human body during daily life activities to warn of the need
to replenish water supplies in the body.

SUMMARY OF THE INVENTION

[0010] The technical result of the claimed invention is
to determine a state of water deficiency in a human body
during daily life activities by measuring an impedance
value of a portion of a human body. The above technical
resultis achieved by assessing a fluid amount in the por-
tion of the human body under study while taking into ac-
count changes in the amount of blood in the same body
portion caused by a redistribution of fluids in various body
portions due to temporary or accidental causes during
daily life activities.

[0011] The above mentioned technical
achieved as follows.

[0012] The method for detecting water deficiency of in
a human body involves the following steps:

Measuring an impedance value of a portion of the human
body at a low frequency and at a high frequency. Assess-
ing an amount of fluid in body tissues in a volume under
study based on the impedance value measured at the
high frequency, at a current measurement time. Assess-
ing an amount of extracellular fluid in the volume under
study at the current measurement time based on the im-
pedance value measured at the low frequency. Prese-
lecting a reference assessment value of an amount of
extracellular fluid in the volume under study at a reference
measurement time. Next, a correction value is deter-
mined associated with a change of a blood amount in the
volume under study at the current measurement time.
Further, determining a corrected assessment value of
the amount of fluid in the body tissues in the volume under
study, wherein the corrected assessment value is asso-
ciated with the change of the blood amount in the volume
under study at the current measurement time. Using the
corrected assessment value of the fluid amount in the
volume under study to make a conclusion regarding an
onset of water deficiency in the human body.

[0013] Asknown inthe art,impedance measurements
at a low frequency allow for assessment of an amount of
extracellular fluid in a volume under study, whereas im-
pedance measurements at a high frequency allow for
assessment of a total amount of fluid in volume under
study. The method of the invention allows to make a con-
clusion regarding an onset of a state of water deficiency
in a human body by taking into account a change of a
blood amount in the volume under study at the current

result is
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measurement time. The method allows to eliminate the
influence of the change in blood amount in a given body
portion caused, for example, by physical exercise or oth-
er temporary or random factors on the measurement re-
sults, and to make a corrected assessment of the amount
of fluid in the body tissues in the volume under study.
The latter allows to make a conclusion regarding an onset
of water deficiency in the human body.

[0014] In a particular embodiment, the impedance val-
ues of the portion of the human body are measured using
spaced-apart electrodes attached to the human body.
[0015] In a specific embodiment, a hematocrit value is
taken into consideration for determining the corrected
assessment value of the fluid amount in the volume under
study associated with change of blood amount in said
volume.

[0016] In particular, the conclusion regarding the onset
of the state of water deficiency in the human body is made
based on a maximum value of corrected assessment val-
ue of the fluid amount in the body tissues in the volume
under study associated with the change of the blood
amount in said volume at the current measurement time.
[0017] In particular, the impedance values of the por-
tion of the human body at the low and high frequencies
are corrected using the readings of a human body tem-
perature sensor.

[0018] In addition, the reference measurement time is
preselected succeeding a termination of a transition time,
which is necessary to adapt the human body to meas-
urement sensors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The method for detecting water deficiency in
human body is illustrated by the following drawings:

Fig. 1 shows time dependencies of impedance val-
ues measured at different frequencies.

Fig. 2 shows time dependencies of measured im-
pedance values after median filtering with the use of
a median filter.

Fig. 3 shows time dependencies of conductivity,
which correspond to the amount of fluid in the body
tissues in the volume under study; and to the amount
of extracellular fluid in the body tissues in said vol-
ume.

Fig. 4 shows time dependencies of conductivity at
different frequencies, which correspond to the
amount of intra- and extracellular fluid in the body
tissues in the volume under study, as well as the
conductivity, which corresponds to the amount of flu-
id in the body tissues of said volume minus the
change in the blood amount at the current measure-
ment time.

Fig. 5 shows time dependence of conductivity that
corresponds to the amount of fluid in the body tissues
in the volume under study minus the change in the
blood amount since the reference measurement
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time, as well as the time dependence of conductivity
value considered as a threshold for the water defi-
ciency state.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0020] The method for detecting water deficiency in a
human body is implemented as follows.

[0021] First, electrodes are attached to the human
body. In particular, attachment of two electrodes to a por-
tion of a body is sufficient. Tests have demonstrated that
this method provides for determining of an onset of a
state of water deficiency in the human body with elec-
trodes attached, for example, to a person’s wrist, though
this part of the body is not the most suitable for imple-
menting the method. However, the sensor readings of

impedance values le at a low frequency f, as well as

readings Zi3 at a high frequency f; for a given small

portion of the human body enable the determination of
the water deficiency onset in the body. The most efficient
sampling rate for measuring impedance values at differ-
ent frequencies is found to be about 1 to 4 times per
minute.

[0022] Fig. 1 shows the time dependencies of meas-

ured impedance values 7 ?nit at high frequency f3

(curve 1) and Z?nit at low frequency f0 (curve 2).

[0023] To avoid any interference, it is beneficial to use
filtration of measured impedance values. Various types
of filtration are suitable for this purpose, with the so-called
"median filter" applied in this specific case.

[0024] Fig. 2 shows the time dependencies of imped-
ance values measured after they were processed using

amedianfilter: 7, ?nit at high frequency f3 (curve 1) and

Z?nit at low frequency fO (curve 2). Fig. 2 shows that

the filtered impedance values contain practically no out-
liers caused by random factors.

[0025] The method can be implemented ignoring the
human body temperature. However, the accuracy of the
method increases when the body temperature is taken

into account. The impedance values Zio measured at

low frequency fO and 213 at high frequency f3 are cor-

rected to take into account the temperature sensor read-
ings by using the following dependencies:

Ziocorr = Zi0 X (1 + kT X (Ti - TO));

Zi3corr = Zi3 X (1 + kT X (Ti - TO));
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where:
Zio and 7 3 areinstantaneous impedance values
1

at frequency fO and at frequency f3;
ZiOCOI'I'

impedance values at frequency fO and at frequency

f3;

T, is an instantaneous value of the human body tem-

perature in the impedance measurement area;

T, is a reference value of the human body temper-

ature in the impedance measurement area;

k1 is a temperature resistance coefficient of the tis-

sue, through which a measuring current passes used

for measuring impedance values.

and 7 3 are instantaneous corrected
l1corr

[0026] The temperature value at a start of measure-
ments may be selected as the reference value T,.

[0027] Based onthe value ofthe impedance measured
athigh frequency f3, an assessment value of conductivity

yisum is acquired, which is proportional to the amount

of fluid in the body tissues in the volume under study at
the current measurement time:

sum

3
Yi - 1/Zi corr*
[0028] Based onthe value ofthe impedance measured
at low frequency f,, an assessment value of conductivity

yiou'f is acquired, which is proportional to the amount

of extracellular fluid in the body tissues in the volume
under study at the current measurement time:

out _

Yi - 1/Ziocorr'

sum

[0029] The conductivity characterizing y; (curve

1) - at high frequency f3, which corresponds to the
amount of fluid in the body tissues in the volume under

study, and yl?”t (curve 2) - at low frequency fO, which

corresponds to the amount of extracellular fluid in the
body tissues in the volume under study are shown in Fig.
3.

[0030] At the start of measurements a reference value

out
Ybase

amount of extracellular fluid in the volume under study
at a reference measurement time.

[0031] Thereference measurementtime f, . is prese-
lected succeeding a termination of a transition time, nec-
essary to adapt the human body to measurement sen-
sors after they are applied.

[0032]

is preselected, which is proportional to the

Next, value ygg;‘e is used to determine the val-
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ue of correction A?l that takes into account the change

in the amount of blood in the volume under study at the
current measurement time:

AY'= (3P — yhase)/ (1 — D),

where:

h is the hematocrit, i.e. the ratio of the volume of eryth-
rocytes constituting about 99% of blood cells, to the vol-
ume of blood plasma; the hematocrit value for females
may be considered to be 0.40, whereas for males it may
be considered to be 0.46.

[0033] Next, acorrected value yi’sum is found, which

is proportional to the amount of fluid in the body tissues
in the volume under study and is associated with the
change of blood amount in the body tissues in said vol-
ume at the current measurement time:

rsum sum __ Abl
1

Yi =¥

where: yisum -is the assessed conductivity proportion-

al to the current amount of fluid in the body tissues in the
volume under study.

[0034] Taking into account changes in the amount of
blood in the body tissues in the volume under study en-
ables assessment of both intra- and extracellular fluid
amounts in said volume.

[0035] The time dependency of conductivity that cor-
responds to the amount of fluid in the body tissues in the
volume under study minus changes in blood flow at the
current measurement time relative to the reference

measurement time yi’sum (curve 3), is illustrated in Fig.
4. For clarity, the same plot shows time dependencies of

the conductivity that corresponds to the amount of fluid

sum

i

(curve 1), and that corresponds to the amount of extra-
cellular fluid in the body tissues in the volume under study

in the body tissues in the volume under study

yiou'f (curve 2) at the current measurement time relative

to the reference measurement time (4).
[0036] As is seen from the plots, the dependency

yi’sum (curve 3) reflecting the amount of fluid in the body

tissues of the volume under study minus blood flow
changes observed atthe current measurement time does
not have any significant ups and downs caused by blood
flow changes in the body tissues in the volume under
study due to temporary external factors. The latter in-
cludes, for example, physical activity or its lack, changes
in psychological state, or other factors associated with
daily life activities of a human.

[0037] Based on the obtained corrected assessment
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values yi’sum proportional to the amount of fluid in the

body tissues of the volume under study, the onset of the
state of water deficiency in the human body is determined
by comparing the above corrected assessment values
with a threshold value (Fig. 5).

[0038] Here, the threshold value is taken as the cor-
rected assessment value of the conductivity, whichis pro-
portional to the amount of fluid in the of body tissues in
the volume under study and is associated with the change
in blood amount over a given time period taken into ac-
count. The threshold value should be less than the max-
imum value over the entire preceding measurement time
by a certain value:

/sum . /sum
Ythresh = Ymaxk — AthreshJ

where:
Vipooe, - is the threshold value of conductivity,
yr'fl‘;glk - is the maximum value of conductivity in

preceding measurements,

Atnresh - 1S @ value that determines how smaller the
threshold conductivity value must be compared to
its maximum value.

[0039] It should be noted that the value yr’rsl‘;glk within

the first few hours of the device use can grow quite high
if the method is applied after the user with water deficien-
cy consumed a required amount of water in the process
of drinking and/or eating.

[0040] The plot (Fig. 5) shows the temporal changes

in value yi’sum (curve 1) and the threshold value, below

which the onset of water deficiency in the body occurs
(curve 2).

[0041] The reliability of determining the onset of water
deficiency in a human body increases as the observa-

tions grow longer, since the threshold value yr’g‘;;nk will

more accurately reflect the maximum amount of water
necessary to maintain a particular person’s water bal-
ance during daily life activities.

[0042] The method of the invention is designated to
determine current deficiency of water in a healthy human
body and may be used to develop various devices or
automatic systems for monitoring the state of a human
body. The method has been tested on a sufficiently large
number of subjects.

Claims

1. A method for detecting water deficiency in a human
body, the method comprising:
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measuring an impedance value of a portion of
the human body at a low frequency and at a high
frequency;

assessing an amount of fluid in body tissues in
a volume under study based on an impedance
measured at the high frequency at a current
measurement time;

assessing an amount of extracellular fluid in the
volume under study based on animpedance val-
ue measured at the low frequency at the current
measurement time;

preselecting a reference assessment value of
an amount of extracellular fluid in the volume
under study at a start of measurements;
determining a correction value associated with
a change of a blood amount in the body tissues
in the volume under study at the current meas-
urement time;

determining a corrected assessment value of
the fluid amountin the body tissues in the volume
under study, wherein the corrected assessment
value is associated with the change of the blood
amount in the body tissues in the volume under
study at the current measurement time;

using the corrected assessment value of the flu-
id amount in the body tissues in the volume un-
der study to determine an onset of a state of
water deficiency in the human body.

The method of claim 1, further comprising measuring
the impedance value of a portion of the human body
by using spaced-apart electrodes attached to the hu-
man body.

The method of claim 1, further comprising using a
hematocrit value for determining the corrected as-
sessment value of the fluid amount in the body tis-
sues in the volume under study associated with the
change of the blood amount in the body tissues in
the volume under study.

The method of claim 1, further comprising determin-
ing the onset of the state of water deficiency in the
human body based on a maximum value of corrected
assessment value of the fluid amount in the body
tissues in the volume under study associated with
the change of the blood amount in the body tissues
in the volume under study at the current measure-
ment time.

The method of claim 1, further comprising correcting
the impedance values of the portion of the human
body measured at the low frequency and at the high
frequency by using the readings of a body temper-
ature sensor.

The method of claim 1, wherein the reference meas-
urement time is preselected succeeding a termina-
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tion of a transition time necessary to adaptthe human
body to measurement sensors.
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