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Tissue reflectivity [%] ‘normal’ | +10% | +20% |+30%
Tissue color [mV] ‘normal’ | +10% | +20% |+30%
Body temperature [°C] <38 38-39 | 3940 | >40
Heart rate [bpm] =80 80-90 | 90-100 | >100
Breathing rate [bpm] 9-14 15-20 | 2129 | >30




Patent Application Publication =~ May 5,2016 Sheet 4 of 5 US 2016/0120468 A1

/74

High
76 a 4 80
\ |/

Low Low / 86
: 82
/

78\ )| /84

FIG.9



Patent Application Publication =~ May 5,2016 Sheet 5 of 5 US 2016/0120468 A1

HR  76bpm  Moisture 2/5
BR  15bpm  Color 3/5
Sp02  98% Status:

T 3649  Mildly dehydrated

103 ) }

61 1 40

b5

)
* FIG10 ™ °

-—-—am - -

10b

_/310
Y

_/512

_/514

_/516
/

_/318

FIG.11



US 2016/0120468 Al

NON-INVASIVE DEHYDRATION
MONITORING

CROSS-REFERENCE TO PRIOR APPLICATIONS

[0001] This application claims the benefit of European
Patent Application No. 14191241.0, filed on Oct. 31, 2014
which is hereby incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention relates to a device for mea-
suring a hydration state of a living being as well as to a
corresponding method.

BACKGROUND OF THE INVENTION

[0003] Dehydration, particularly from gastroenteritis or
other illnesses that causes vomiting, diarrhea and fever (e.g.
pyloric stenosis, thyrotoxicosis, diabetes insipidus, cystic
fibrosis, bowel ischemia, etc.), is a common pediatric com-
plaint. According to the Centers for Disease Control and
Prevention, for children younger than 5 years, the annual
incidence of diarrheal illness is approximately 1.5 billion,
while deaths are estimated at between 1.5 and 2.5 million per
vear. Furthermore, there is substantial evidence to show that
aging causes changes in body water composition, and that
renal function and thirst perception on average decline among
older adults. These three factors account for the prevalence of
dehydration among the older adult population. In a study,
dehydration was diagnosed in 6.7% of hospitalized patients
aged 65 and over. Furthermore, 1.4% of the patients had
dehydration as the principal diagnosis. Prospective studies in
long-term care facilities (LTCs) showed that residents were
dehydrated in 50% of the febrile episodes and that 27% of the
LTC resident population referred to hospitals was admitted
due to dehydration.

[0004] Dehydration is not only a common but also a very
serious condition in older adults. The mortality of elderly
patients with dehydration is high if not treated adequately and
in some studies exceeds 50%. In terms of morbidity, several
studies showed an association between high degrees of dehy-
dration and poor mental function. Further, it was found that
dehydration was a significant risk factor for developing
thrombo-embolic complications, infectious diseases, kidney
stones, and obstipation.

[0005] Although dehydration is almost always avoidable it
1s often not identified quickly enough in the hospital or pri-
mary care environment. While individuals who are able to
manage their own fluid intake arealso considered to be at risk,
the elderly and young children are often most vulnerable. For
the elderly this is often due to reduced renal function,
decreased thirst sensation and increased susceptibility to
long-term conditions such as diabetes. For pediatric popula-
tions this is because infants and children are very susceptible
to volume depletion since they have higher body water con-
tent relative to adults, along with higher metabolic rates and
increased body surface area to mass index, which means that
they require proportionally greater volumes of water than
adults in order to maintain their fluid equilibrium.

[0006] The clinical assessment of dehydration is difficult
and highly subjective. Common features of dehydration are
dry mouth, dry and dark colored tongue, increased pulse rate,
weak pulse pressure and strength, increased breathing rate,
elevated body temperature (i.e. fever), lateral furrowing and
cracking of the tongue, and indentation of the teeth on the
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gums. In addition, in infants and young children other sub-
jective signs including eve appearance, fontanel (soft spot)
appearance, activity level and skin turgor are also routinely
used in the diagnosis of dehydration.

[0007] As a result of the difficulty in reliably assessing the
range of clinically relevant physiological signs of dehydra-
tion owing to the high degree of subjectivity required, there is
a significant need for an objective measure of the hydration
status of an individual, especially from elderly and pediatric
population groups, which is reliable, easy to use and clini-
cally relevant.

[0008] Testing or monitoring of dehydration status in very
young and old patients is a difficult and complex issue for
health workers. When not diagnosed in time, dehydration can
have a profound effect on the health of patients in the form of
malnutrition, renal failure, liver failure, deep vein thrombo-
sis. Sometimes these effects can be fatal. Total body water and
serum osmolality measurements are the well accepted tech-
niques for measuring dehydration levels, but are both invasive
and time consuming.

[0009] InUS2007/0048224 Al ahydration sensor or sens-
ing element configured to measure the hydration level of a
user is disclosed. The sensing element can include a water-
permeable material positioned in between two water-imper-
meable materials. The sensing element can be coupled to a
bottle of fluid, or a carrier with a timer. The sensing element
can be incorporated into a handheld device. The sensing
element can be a disposable element, an element applicable
for more than one-time use, or a re-usable element. The
sensing element or sensor can be calibrated for a specific user
ora group of users. One or more additional sensors that do not
measure hydration level of the user can be coupled to a hydra-
tion sensing element to determine the amount of fluid con-
sumption for the user in different conditions.

[0010] InWO2009/027898 A1 amethodand apparatses for
measuring skin properties are disclosed. To improve the accu-
racy of detection of the dehydration level, an apparatus is
presented that comprises: a positioning unit configured to
position the apparatus over the piece of skin; a laser sensor
configured to measure the distance between the laser sensor
and the piece of skin by utilizing the self-mixing technology;
wherein the positioning unit is further configured to generate
a negative pressure on the piece of skin so as to raise the
surface of the piece of skin, and position the laser sensor at a
pre-determined location.

[0011] However, there is still a need for practical, user-
friendly and reliable detection and early warning of dehydra-
tion.

SUMMARY OF THE INVENTION

[0012] Itis an object of the present invention to provide a
device for non-invasively measuring a hydration state of a
living being as well as a corresponding method. In particular,
improvements with respect to the convenience-to-use, the
cost-effectiveness and the accuracy of the delivered results
are needed.

[0013] Inafirstaspect of the present invention a device for
measuring a hydration state of a living being is presented. The
device comprises:

[0014] a first light source for emitting light of a first wave-
length into a tissue portion of the living being;

[0015] polarization means for polarizing at least part of the
emitted light prior to an interaction of the emitted light with
the tissue portion;
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[0016] a first light detector for detecting polarized light of
the first wavelength reflected at the tissue portion, which has
retained its polarization in the reflection; and

[0017] processing means configured to derive a tissue
hydration parameter from an intensity of the detected
reflected polarized light and to determine a body hydration
index based on said tissue hydration parameter.

[0018] In another aspect of the present invention a method
for measuring a hydration state of a living being is presented.
The method comprises the steps of:

[0019] emitting light of a first wavelength into a tissue
portion of the living being;

[0020] polarizing at least part of the emitted light prior to an
interaction of the emitted light with the tissue portion;
[0021] detecting polarized light of the first wavelength
reflected at the tissue portion, which has retained its polariza-
tion in the reflection; and

[0022] deriving a tissue hydration parameter from an inten-
sity of the detected reflected polarized light and determining
abody hydration index based on said tissue hydration param-
eter.

[0023] In yet further aspects of the present invention, there
are provided a computer program which comprises program
code means for causing a computer to perform the steps of the
method disclosed herein when said computer program is car-
ried out on a computer as well as a non-transitory computer-
readable recording medium that stores therein a computer
program product, which, when executed by a processor,
causes the method disclosed herein to be performed.

[0024] Preferred embodiments of the invention are defined
in the dependent claims. It shall be understood that the
claimed method, computer program and medium have similar
and/or identical preferred embodiments as the claimed device
and as defined in the dependent claims.

[0025] This invention describes a non-invasive, real time,
user-friendly and reliable dehydration diagnostic approach
for identifying older/younger people at risk at the early stages
of dehydration, e.g. to enable the timely intervention of the
caregiver with proper treatment.

[0026] The invention is based on an optical assessment of
the dryness of a tissue portion by evaluating the reflectivity of
the tissue portion at its surface. A well-hydrated tissue portion
is wet and shiny and reflects more light than a dehydrated
tissue portion. To exploit this, it is proposed to emit light into
the tissue portion and to determine the amount of reflected
light. The intensity of directly reflected light (in relation to the
intensity ofthe emitted light) is proportional to the reflectivity
of the tissue portion. This again is proportional to the wetness
of the tissue portion, in other words the tissue hydration.
[0027] Not all light is reflected at the surface of the tissue
portion. Some light also enters the tissue portion and is back-
scattered. It is desired to obtain a measure for the amount of
light that is reflected at the surface of the tissue portion and
not backscattered. Light that is directly reflected at the tissue
surface will not change its polarization. In contrast thereto,
light that has entered the tissue and is backscattered will be
depolarized.

[0028] Thus, for obtaining a reliable measurement, it is
proposed to use light of varying polarization (non-polarized
light) that is emitted by a light source. Prior to an interaction
of the light with the tissue portion, i.e. prior to the light
reaching the tissue portion, at least part of the emitted light is
polarized. For this, polarization means are included in the
device according to the present invention. Consequently, light
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of known polarization is emitted into (i.e. illuminated onto)
the tissue portion. After being polarized, the emitted light
interacts with the tissue portion. In particular, at least some of
the light is reflected at the surface tissue portion and retains its
polarization. Another part will be backscattered from within
the tissue and thereby be depolarized. The light having
retained its polarization is to be detected by the first light
detector. The directly reflected portion of the light is deter-
mined by means ofa first light detector for detecting polarized
light.

[0029] This first light detector may include polarization
means or a polarization filter. It may, however, also be pos-
sible that polarization means are included that are separate
from the first light detector. The first light detector is config-
ured to detect light that is polarized in the same way as the at
least part of the emitted light after being polarized by the
polarization means.

[0030] In other words, the portion of light that is backscat-
tered after the interaction (reflection) at the tissue portion and
thus depolarized is not detected or blocked and will not reach
the first light detector. The amount of directly reflected light,
e.g.at 660 nm and at 940 nm, is proportional to the shininess/
wetness of the tissue portion. This is directly related to the
(de)hydration status of a living being.

[0031] Theemitted light may preferably have a wavelength
of 660 nm or 940 nm (first wavelength), but may also be of
other wavelengths. The light may particularly be emitted by
one or more LEDs. The wavelength is restricted to the first
wavelength (polarized light of the first wavelength is
detected) to allow deriving a vital sign parameter and/or to
provide defined characteristics.

[0032] Often, e.g. when the measurement is performed on a
tongue with mouth closed, the influence of ambient light is
not very significant. It may also be possible to illuminate the
tissue at a certain frequency (e.g. 100-300 Hz) and filter the
detected light accordingly for robustness against ambient
light influences.

[0033] From the determined reflectivity as obtained by
measuring the intensity of the reflected polarized light, a
measure for the tissue hydration is derived. This tissue hydra-
tion parameter can then again be used for determining an
index (body hydration index) being indicative of the hydra-
tion state of the living being. This index may indicate the
hydration state on an absolute or relative scale. In particular,
the index may indicate a derivation from a normal state, i.e.,
provide information about whether or not the body hydration
canbe considered to be within normal boundaries or not. Both
single measurements as well as a monitoring over a time
period are possible.

[0034] To obtain a meaningful result, a reference measure-
ment of the tissue hydration may be required against which a
current measurement can be compared. The body hydration
index may either represent this comparison, i.e. include the
respective reference value, or may represent only the current
measurement that has to be compared to the reference mea-
surement in a further step.

[0035] The processing is carried out in processing means
that may particularly be connected to both the first light
source and the first light detector to control their functionality.
The processing means perform the required processing
operations for evaluating the sensor readings, deriving
parameters therefrom and determining the desired body
hydration index.
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[0036] Preferably, a tissue portion in an oral cavity of a
living being, e.g. a tissue portion in the tongue or cheek, may
be evaluated. The present invention is particularly suitable for
being applied by human beings. In particular, the body hydra-
tion index can be used for determining whether a human is
sufficiently hydrated or not. However, also an application to
other body parts or to other living beings (animals) is pos-
sible.

[0037] The device and method of the present invention are
easily and comfortably applicable. The device may be
embodied in the form of a simple handheld device for giving
an early warning of dehydration. Thereby, the dehydration
screening technique may become more reliable and easy to
use even for an un-trained individual. For instance, a device in
the form of an oral stick may be applied by a human for
measuring his own hydration state or by a caregiver to mea-
sure or monitor the hydration state of a caretaker, e.g. in a
hospital or elderly care facility etc. In comparison to previous
approaches for determining the hydration state of a living
being, the application of the device of the present invention
requires less training. Thus, it can be easily used in a primary
care setting. This is also advantageous for a use in developing
countries where the resources are limited in terms of man-
power, education and money.

[0038] The device and method of the present invention
allow a fast and cost-efficient measurement or monitoring of
the hydration state of a human being. An early warning for
dehydration amongst different home care patient popula-
tions, including babies, children in developed and developing
countries, elderly, pregnant women, diabetics, and athletes,
mountaineers, and soldiers, but in particular the elderly, is
provided. It becomes possible to obtain a dehydration assess-
ment in an ergonomic way to allow easy and fast application
in comparison to previous approaches that require exchang-
ing parts such as test stripes or that require collecting bio-
samples such as saliva or urine or approaches that even rely on
invasive techniques.

[0039] The device as described herein allows overcoming
the shortcomings and problems of previous approaches and
may provide a reliable, easy-to-use measurement without
requiring an extensive, costly and possibly uncomfortable
measurement procedure.

[0040] In a preferred embodiment the device further com-
prises a second light detector for detecting the light of the first
wavelength after an interaction of said light of the first wave-
length with the tissue portion; wherein the processing means
are configured to further derive a tissue color parameter and/
or at least one vital sign parameter, in particular a heart rate
and/or a breathing rate, from the detected light and to deter-
mine the body hydration index further based on said tissue
color parameter and/or based on said vital sign parameter. In
addition to the light directly reflected at the surface of the
tissue portion (i.e. the polarized light detected by the first light
detector) also the light that has interacted with the tissue
portion differently (e.g. backscattered) is detected. The sec-
ondlight detector captures depolarized light. In particular, the
second light detector thus captures both backscattered light
and light being reflected at the surface. The second light
detector may also be configured to capture transmitted light,
1.e. be positioned so that the tissue portion is between the first
light source and the second light detector. Based on the
detected light of the second light detector, the processing
means may perform a photoplethysmography (PPG) process-
ing. Temporal variations in blood volume in the tissue portion
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lead to variations in light absorptions by the skin. These are
observed and a PPG signal (also called, among other, a pleth
wave) is obtained. Based thereupon, a vital sign such as the
heart rate or the breathing rate can be derived. For this, the
periodic fluctuation (AC component of the PPG signal) may
be evaluated. An insufficiently hydrated person may have a
higher heart rate and/or a higher breathing rate.

[0041] Furthermore, it is also possible to derive a tissue
color parameter by means of the second light detector and
based upon the PPG signal. This parameter may also be
referred to as tissue darkness parameter. For this, the level of
the PPG signal (DC component of the PPG signal) may be
evaluated. The darker the color of the tissue, the lesser it may
be hydrated.

[0042] Thus, both the derived vital sign and/or tissue color
parameter carry further information on the hydration state of
the living being. The processing means are configured to also
include these parameters when determining the body hydra-
tion parameter. This allows further increasing the validity of
the determined body hydration index and increasing its sig-
nificance with respect to the hydration state of the living
being.

[0043] In apreferred embodiment, the device further com-
prises a second light source for emitting light of a second
wavelength into the tissue portion of the living being; a sec-
ond light detector for detecting light of the first wavelength
and light of the second wavelength after an interaction of said
light of the first wavelength and said light of the second
wavelength with the tissue portion; wherein the processing
means are configured to further derive a tissue color param-
eter and/or at least one vital sign parameter, in particular a
heart rate, a breathing rate and/or a blood oxygen saturation,
from the detected light and to determine the body hydration
index further based on said tissue color parameter and/or
based on said at least one vital sign parameter. If additionally
a second light source is provided it becomes possible to
further obtain a reading for the blood oxygen saturation
(Sp02). Preferably, red and infrared light are emitted by the
two light sources. The second light source emits light of the
respective other wavelength in comparison to the light emit-
ted by the first light source. The second light detector captures
light of both wavelengths and of all polarizations. Thus,
reflected, backscattered and/or transmitted light (depending
on the arrangement) can be detected.

[0044] Thetissue color parameter and vital sign that may be
determined as outlined above but with a higher accuracy due
to a redundancy of the two wavelengths. Additionally, PPG
processing of light of two wavelengths can be used to derive
a reading for the blood oxygen saturation. Thereby, the
absorption characteristics ofblood for light of different wave-
lengths (which is different for different levels of blood oxy-
genation) are exploited. This reading of the blood oxygen
saturation may be used to distinguish a state in which the
living being has abnormal vital sign values (e.g. an elevated
heart and breathing rate) due to dehydration from other rea-
sons. By including the second light source and the second
light detector, itis thus possible to further increase the validity
of the determined body hydration index with respect to the
hydration state of the living being.

[0045] Inanother embodiment the device further comprises
a contact impedance sensor for determining an impedance
parameter of the tissue portion; wherein the processing means
are configured to derive the tissue hydration parameter further
based on said impedance parameter. The contact impedance
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sensor will usually include at least two electrodes. An electric
current can be used to assess the bio impedance of the tissue
portion. For instance, a low level sinusoidal current at a single
frequency or multiple frequencies (Hz-MHz) can be
employed for measurement. The total impedance will rise in
the case of a dry tissue portion. This may be an indication of
dehydration. The processing means can include the reading of
the impedance sensor when determining the body hydration
parameter. Additionally including the outlined contact
impedance sensor may allow further increasing the reliability
and validity of the determined index.

[0046] In yet another embodiment the device further com-
prises a temperature sensor for determining a temperature
parameter being indicative of a body temperature of the living
being; wherein the processing means are configured to deter-
mine the body hydration index further based on said tempera-
ture parameter. Such a temperature sensor may be incorpo-
rated by a simple thermistor. The temperature sensor allows a
temperature of the tissue portion to be measured. For this, the
temperature sensor will usually need to be in contact with the
tissue portion. The temperature of the tissue portion is an
indication of the body temperature of the living being. Dehy-
dration will usually result in an elevated core body tempera-
ture. Additionally, an elevated body temperature increases
body water excretion through skin and lungs. Thus, the tem-
perature may be used as an additional input parameter when
determining the body hydration index to further increase the
validity and reliability of the determined body hydration
index.

[0047] In a further embodiment the device further com-
prises a respiration sensor for determining a respiration sig-
nal; wherein the processing means are configured to further
derive a respiration parameter from the determined respira-
tion signal, in particular a breathing rate, and to determine the
body hydration index further based on said respiration param-
eter. In an embodiment that is to be used in the mouth of a
living being (the tissue portion particularly being a part of the
tongue of the living being), a respiration parameter may be
determined by analyzing a respiration signal,

[0048] In particular, a respiration signal corresponding to
an air pressure signal may be captured and a breathing rate
corresponding to the respiration parameter may be deter-
mined by analyzing the development of the pressure in the
mouth. Usually, the development of the pressure over time
will have a periodic characteristic. Therefrom, it is possible to
derive the breathing rate. As outlined above, an increased
breathing rate may indicate dehydration. The respiration sen-
sor can provide a reading of the breathing rate or of another
respiration parameter that may be used in addition or alterna-
tively to a breathing rate obtained by means of PPG. Again,
the validity of the determined body hydration index can be
increased since further information is considered.

[0049] In yetanother embodiment of the device as outlined
above, the processing means are configured to further deter-
mine a pulmonary parameter being indicative of a pulmonary
problem of the living being based on the at least one vital sign
parameter and the temperature parameter. The application of
the device of the present invention can be broadened from
dehydration only to fluid status in general, covering both
dehydration and fluid retention. If a reading for the blood
oxygenation is available, a low value in combination with a
high breathing rate can indicate pulmonary fluid retention
(e.g. an edema). Also it may be possible to obtain information
about a potential pneumonia. This may be determined by the
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processing means in the form of a pulmonary parameter. Such
a parameter may be a binary parameter indicating a problem
or also a multidimensional parameter that indicates a type of
problem and its severity. Consequently, this embodiment
allows providing a monitoring function with respect to the
wellbeing of a living being.

[0050] In yet another embodiment the device further com-
prises a beam splitter arranged between the first light source
and the tissue portion for guiding the emitted light into the
tissue portion and for guiding the light reflected at the tissue
portion to the first light detector. The beam splitter might be
attached to the first and/or second light sources. The beam
splitter guides the emitted light to the tissue portion and from
there to the first and/or second detectors. The coupling with
the tissue portion is then still glass- or plastic-based such that
an adequate in-coupling of the light into the tissue portion is
assured. The inclusion of a beam splitter may particularly
result in a more accurate reading since fewer disturbances
from ambient light will be observed.

[0051] Preferably, the beam splitter is polarization-sensi-
tive; and/or the polarization means are integrated with the
beam splitter. The beam splitter thus additionally provides the
polarization filtering functionality. Thereby, it can be assured
that the even if a regular light detector is used as the second
light detector, only polarized light of the correct polarization
is detected. On the one hand, the beam splitter may integrate
the first polarization means, i.e. polarize at least part of the
light emitted by the first light source (into the beam splitter).
On the other hand, the beam splitter may also polarize the
reflected light (i.e. apply a polarization-sensitive filter) after
the interaction with the tissue portion and prior to being
captured by the first light detector. Thereby, it can be assured
that the first light detector only detects polarized light of the
first wavelength.

[0052] Furthermore, in an embodiment, the first light detec-
tor includes second polarization means for polarizing inci-
dent light. Alternatively, it is also possible that the first light
detector also includes polarization means for polarizing the
incident light. If the light is not polarized after the interaction
and prior to being detected by the first light detector by means
of a beam splitter or other optical components, it may also be
possible that the first light detector includes polarization
means comparable. The second polarization means polarize
the light with the same polarization as the first polarization
means. Advantageously, this may also allow using a standard
light detector as the first light detector.

[0053] In yet another embodiment the processing means
are configured to determine the body hydration index based
on comparing a parameter with a predetermined reference
parameter. Preferably, one or more of the derived sensor
parameters are compared to one or more predetermined ref-
erence parameters to assess whether or not the parameter is
within normal range and/or to which extend the parameter
derives from this normal state. Such a predetermined refer-
ence parameter may be determined in a clinical assessment in
which a reference parameter set is established at a time when
it is assured that the living being is sufficiently hydrated. The
predetermined reference parameter may also be obtained
from a database comprising parameters of other living beings,
in particular other living beings that are comparable with
respect to parameters such as age, gender, physiology, etc.
Then, a statistical definition of a normal range may be
obtained.
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[0054] 1In yet another embodiment the device further com-
prises interface means for providing feedback information to
a user, the feedback information in particular including the
body hydration index. The user may particularly refer to the
living being himself (in the case of a human being), to his
family or to a physician/caregiver. The interface means allow
providing feedback information. This feedback information
may particularly include the body hydration parameter. How-
ever, there may also be provided the readings of one or more
sensors or preprocessed information based on these readings.
Furthermore, it is also possible that recommendations of pos-
sible courses of action are provided as feedback. The interface
means may be incorporated in the form of a display, or any
other visual, acoustical or haptic feedback means.

[0055] 1In a preferred embodiment, the device comprises a
housing configured to be in contact with a tongue of the living
being comprising the tissue portion. Such housing may par-
ticularly have the form of stick or the like to be hold in a hand
of a human being for being applied orally. The tissue portion
of interest is included in the tongue of the living being. The
properties of the tongue and the mouth of a human being are
advantageous for applying the above-outlined sensor and pro-
cessing principles such that it becomes possible to obtain a
body hydration index that has a high validity with respect to
the hydration state. Thus, a mobile, quick and reliable assess-
ment of the hydration state of the living being becomes pos-
sible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0057] FIG. 1 schematically illustrates the function of a
preferred embodiment of a device according to the present
invention;

[0058] FIG. 2 schematically illustrates the different man-
datory and optional components of a device according to the
present invention;

[0059] FIG. 3 shows the variation of the absorption (extinc-
tion) coefficients of oxyhemoglobin, hemoglobin and water
in dependence of the wavelength;

[0060] FIG. 4 illustrates the extraction of different param-
eters being indicative of vital signs of a living being from a
PPG signal,

[0061] FIG. 5 illustrates the extraction of a breathing pat-
tern from a an air pressure signal;

[0062] FIG. 6 schematically illustrates the information pro-
cessing of the present invention;

[0063] FIG. 7 gives an example of the determination of a
body hydration parameter according to the present invention;
[0064] FIG. 8 schematically illustrates how information
obtained by a device according to the present invention can be
further processed,

[0065] FIG. 9 illustrates the application of an embodiment
of a device according to the present invention;

[0066] FIG. 10 shows a top view and a bottom view of the
device illustrated in FIG. 9; and

[0067] FIG. 11 schematically illustrates a method accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0068] InFIG.1adevice 10 for measuring a hydration state
of a living being according to an embodiment of the present
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invention is illustrated. In order to derive a body hydration
index being indicative of the hydration state of the living
being, the reflectivity of a tissue portion 12 is assessed. A first
light source 14, preferably incorporated by a LED, emits light
of a first wavelength into the tissue portion 12. Prior to entet-
ing the tissue portion 12, at least part of the light is polarized
by means of polarizing means 18. In the embodiment of FIG.
1 the emitted light passes through a beam splitter 20. There-
after, the emitted light interacts with the tissue portion 12. The
interaction particular corresponds to a reflection of a portion
of the light at the surface of the tissue portion 12. Another
portion of the light may be backscattered. The arrows in FIG.
1 illustrate possible paths of the emitted light 16, the light
portion 22 that is directly reflected at the surface and the light
portion 24 that is backscattered.

[0069] According to the present invention the portion 22 of
the light that is backscattered at the surface is used as an
indicator of the surface reflectivity which is directly related to
the moisture of the surface, i.e. to the tissue hydration. To
obtain a measure for this light portion and to discriminate it
from the backscattered light 24, it is exploited that the surface
reflection does not affect the polarization of the light whereas
the backscattering depolarizes the light.

[0070] Consequently, it is possible to detect only the
reflected portion 22 of the light by means of a first detector 26
for detecting polarized light. This detector 26 may particu-
larly be incorporated in the form of a photodiode. In the
illustrated embodiment, there are included second polariza-
tion means 28 for polarizing the light prior to being detected.
However, it may also be possible to make use of a polarization
sensitive photodetector. As used herein, polarizing corre-
sponds to polarization-sensitive filtering.

[0071] Based on the detected polarized light a parameter is
derived that is indicative of the hydration of the tissue portion
12. Usually, it will be sufficient to compare the intensity of the
captured reflected polarized light with a predetermined ref-
erence value in the form of a look-up operation. Also, it may
be possible to apply a linear or non-linear transformation
function. Such a function or such a lookup table may, e.g., be
established experimentally in a reference measurement cam-
paign.

[0072] Thebody hydration index may be given on a relative
or absolute scale. For instance, a percentage value may be
determined that allows a physician to immediately obtain
information on whether or not a person is sufficiently
hydrated. Also, a body hydration index in the form ofa simple
color code (e.g. red and green) may be determined to provide
feedback to the user of the device about whether it is neces-
sary to drink more or not.

[0073] The derived tissue hydration parameter is then used
as a basis for determining a body hydration parameter. This
body hydration parameter is indicative of a hydration state of
a living being. In particular, it is interesting to obtain infor-
mation about whether or not and/or to which degree a living
being is dehydrated. This may be of relevance in elderly care
application but also for children or for persons that suffer
from a plurality of health conditions.

[0074] In preferred embodiments the device according to
the present invention combines several physiological indices
of dehydration in a single tool, to provide a quick, automatic,
and reliable indication of human hydration status. For this,
preferably a tissue portion of a human tongue is analyzed (the
invention is, however, not limited to tissue portions in a
tongue but may also be applied for other tissue portions, e.g.
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in the cheek of a human etc.). Dry tongue is a common
symptom that physicians visually inspect for in order to iden-
tify early signs of dehydration. However, dry tongue alone
may sometimes not be sufficient to predict dehydration as the
saliva flow rate from the parotid gland may be reduced due to
comorbidity, medications or even an open mouth during
sleep. Thus further sensors may be added.

[0075] Asillustrated in FIG. 1 it is optionally (indicated by
the dashed line) possible to also detect backscattered light by
means of a second light detector 30. This may allow obtaining
a PPG signal. Based on this signal, it is possible to derive a
vital sign of the living being. Such a vital sign (e.g. the heart
rate or the respiratory rate) can be used as an additional input
for deriving the body hydration parameter.

[0076] Thus, it may also be possible to determine the tissue
hydration parameter by determining the amount of reflected
light (with maintained polarization, detected by means of the
first light detector) divided by the amount of backscattered
light (depolarized, detected by the second light detector). In
the backscattered light, also the pulse rate, which increases in
dehydration, can be derived by photoplethysmography
(PPG). The reflected light indicates the shininess of the tissue
but in the backscattered light also the PPG signal is captured.
When a second light source is added, the reflectivity of the
tissue can be determined more accurately and a shift in color
can be seen by, e.g., determining the reflectivity at the first
wavelength divided by the reflectivity at the second wave-
length. Furthermore, the backscattered PPG signals at both
wavelengths can be used to derive a SpO2 value (albeit that
SpO2 has no clear relation to dehydration).

[0077] FIG. 2 schematically illustrates the different com-
ponents that may be included in embodiments of a device 10
according to the present invention. The dashed lines indicate
optional components. Solid lines indicate that the compo-
nents are mandatory.

[0078] The processing means 32 may particularly be rep-
resented by a microprocessor (IC, ASIC, FPGA, etc.). The
processing means 32 are connected to the further components
by means of a wired or wireless connection. Usually, a plu-
rality of direct connections to the different components may
be included. However, it is also possible that a sort of bus
system is used. The processing means 32 process the different
parameter obtained by different sensors to derive therefrom at
least the body hydration index. The processing of the process-
ing means will be further detailed with reference to FIGS. 6
and 7.

[0079] In addition to the above-explained first light source
14, polarizing means 18 and first light detector 26 there may
be comprised a second light source 34, second polarization
means 28 as well as a second light detector 30. It has to be
noted that the illustration in FIG. 2 is only for illustration. The
positions of the components in FIG. 2 are not indicative of
how the components interact.

[0080] In particular, the second light detector 30 will usu-
ally capture depolarized light of the first wavelength that has
been emitted by the first light source 14. The second light
detector 30 will usually detect light of all polarizations of the
first wavelength (emitted by the first light source 30) and light
of all polarizations of the second wavelength emitted by the
second light source 34. For this, the first and second light
sources may preferably be operated in time multiplexing
mode and/or synchronized with the second light detector 30.
The first and second light detectors will usually include a
(polarization sensitive) photodiode for detecting light of a
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certain bandwidth. The first and second light sources will
usually include at least one LED. In particular, the first light
source 14 may include a LED for emitting red light (wave-
length 660 nm) and the second light source 34 may include a
LED for emitting infrared light (wavelength 960 nm) or vice
versa. Usually, the light sources and the light detectors will be
in direct contact (directly coupled) with the tissue portion. It
may, however, also be possible that an optical component is
arranged in between (e.g. a beam splitter). The parameters
that can be obtained from the evaluation of the signals cap-
tured with the first and second detectors will be further
explained with reference to FIGS. 3 and 4.

[0081] Itis possible that the second polarization means 28
are integrated with the first light detector 26 to assure the
detection of polarized light. Also, it is possible that the second
polarization means 28 are integrated in a polarizing beam
splitter. Both the first and the second polarization means may
include a linear polarizer (e.g. absorptive or beam-splitting
polarizers) and/or a circular polarizer.

[0082] Furthermore, the device 10 may include a contact
impedance sensor 36 for determining an impedance param-
eter of the tissue portion. In addition to deriving the tissue
hydration parameter from the detected reflected polarized
light, another measurement of the same parameter may be
obtained by means ofa bio impedance analysis. For such abio
impedance analysis a contact impedance sensor 36 may be
used. For instance, two or four miniaturized (size ~mm?2)
electrodes may be brought in contact with the tissue portion.
A low level sinusoidal (or any other signal) current at a single
frequency or multiple frequencies (Hz-MHz) can be
employed for measurement. The total impedance will rise in
the case of dry tissue. This measurement may be combined
with the above-outlined reflectivity analysis to further
increase reliability and validity when determining the body
hydration index.

[0083] Still further, a temperature sensor 38 may be
included for providing a reading of a temperature of the tissue
portion. This temperature may be considered to be indicative
of a core body temperature of the living being. The tempera-
ture sensor 38 may include a simple thermistor (epoxy, com-
posites etc.) to be brought in contact with the tissue portion.
Dehydration usually results in an elevated core body tempera-
ture. Additionally, an elevated body temperature increases
body water excretion through skin and lungs.

[0084] Some embodiments of a device according to the
present invention may also include a respiration sensor 40 for
obtaining a respiration signal. This is particularly relevant
when the device of the present invention is applied in the
mouth of a living being since a breathing rate (corresponding
to a respiration signal) can carry further insights about the
dehydration state. For instance a breathing rate can be derived
from the air pressure in the mouth of a living being. This is
further illustrated with respect to FIG. 5.

[0085] In some embodiments interface means 42 may be
comprised in the device 10 to provide feedback information
to a user. The feedback information may particularly be pro-
vided to a human being using the device 10. Then, the human
being may himself obtain feedback on his hydration state.
Also, a physician or caregiver may obtain the feedback infor-
mation about his patient. The interface means may include a
display for visualizing parameters and the determined body
hydration index. It may, however, also be possible that the
interface means include means for wired or wireless commu-
nication. Then, parameters and/or the body hydration index
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may be communicated to a database or forwarded to another
recipient (e.g. in remote care or surveillance facilities).

[0086] FIG. 3 illustrates the absorption coefficients of oxy-
hemoglobin, hemoglobin and water as a function of the wave-
length. In embodiments of the present invention that include
two light detectors it is possible to exploit these characteris-
tics. For instance, a measure for the tissue hydration may be
obtained by means of two-wavelength DC spectroscopy
using LEDs as present in a pulse oximeter (e.g. 660 nm and
940 nm). To improve the robustness of this method, the LEDs
can switch from >125 Hz (<8 ms) illumination (for photopl-
ethysmography and pulse oximetry) to longer illumination
times of multiple seconds to measure the average reflection at
both wavelengths over multiple heartbeats. Since the tongue
of a dehydrated person is more purplish than the tongue of a
well-hydrated person, the tongue will reflect less red light
(e.g. 660 nm) and approximately the same amount of near-
infrared light (e.g. 940 nm), since the difference in absorption
between Hb and HbO2 is much smaller in the near-infrared
region compared to in the red region (see FIG. 3). Hence, a
measure of a tissue darkness/purpleness can be expressed by
the ratios R=DC660 nm/DC940 nm or R=DC660 nm/
(DC660 nm+DC940 nm), which both decrease when the tis-
suie is more dark/purplish. Also an equation, e.g. in the form of
a*R+b, can be used, in which the constants a and b may be
empirically determined in calibration experiments and R is
one of the ratios.

[0087] Furthermore, a tissue hydration parameter may also
be obtained if another near-infrared LED is available (e.g.
included in the second light source) that emits light in the
region where absorption by hemoglobin is very small (or
zero) and that of water is quite strong. Proper wavelengths
may be the two peaks in as illustrated in FIG. 3 at ~1000 nm
and ~1200 nm. When a wavelength below 1250 nm is chosen,
a standard photodetector for pulse oximetry might still be
used for the detection. However, when longer wavelengths
are used, a dedicated photodetector is required. When the
tissue portion is wet or less dry, it contains more water. There-
fore, more near-infrared light will be absorbed. Hence, a
measure of tissue dryness may also be expressed by, as, e.g.,
DCnearinfrared, = R=DCnearinfrared/DC660 nm, or
R=DCrearinfrared/(DC66 Onm+DCnearinfrared), which all
decrease when the tissue portion becomes more dry. Alterna-
tively and comparable to the above-explained, an equation in
a form such as a*R+b, in which a and b are constants to be
empirically determined in calibration experiments, and R is
one of the ratios, can be used.

[0088] In FIG. 4 it is illustrated how a PPG signal may be
processed to derive therefrom a vital sign and/or a tissue color
parameter. On the left hand side, FIG. 4 illustrates a PPG
signal at a wavelength of 660 nm. On the right hand side, a
corresponding signal for a wavelength of 940 nm is illus-
trated. It is to be understood that these wavelengths represent
examples and do not limit the present invention. In embodi-
ments of the present invention usually the first light source
will emit light of the first wavelength and the second light
source will emit light of the second wavelength. After an
interaction with the tissue portion, the light of both wave-
lengths is detected by the second light detector. Depending on
whether one or two light sources are available, different pos-
sible information processing approaches can be applied. For
obtaining a tissue color parameter, already light of one wave-
length is sufficient. Also, some vital sign parameters such as
the heart rate and the breathing rate may be determined based
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on light of one wavelength. For this, PPG processing may be
used. The heart rate can be derived from the AC component
and the tissue color parameter can be derived from the DC
component of the resulting PPG signal, respectively.

[0089] InFIG. 5itis illustrated how the air pressure in the
mouth of a living being changes during a breath. In case the
device of the present invention is applied for a tissue portion
in the tongue of a living being and includes a respiration
sensor it is thus possible to derive a breathing rate or ventila-
tion rate representing a respiration parameter from the respi-
ration signal of this sensor and include it when determining
the body hydration parameter.

[0090] InFIG. 6 an overview of the information processing
according to preferred embodiments of the present invention
is provided. Depending on the embodiments, the sensors
(illustrated in the first column on the left hand side) may
include the first light detector 26 that outputs the intensity of
the reflected polarized light, a contact impedance sensor 36, a
temperature sensor 38 and a respiration sensor 40. Further-
more, a second light detector 30 may provide a reading for the
DClevel 30a and AClevel 305 ofthe PPG signal derived from
the light of the first wavelength and a reading for the DC level
30c and AC level 304 of the PPG signal derived from the light
of the second wavelength.

[0091] As illustrated in the second column of FIG. 6, the
different sensors allow deriving a plurality of different param-
eters or sensor readings. Based on the signal of the first light
detector 26 a tissue hydration parameter 44 being indicative
of the hydration or wetness of the tissue portion is derived. If
also a contact impedance sensor 36 is available the accuracy
of this tissue hydration parameter 44 or the robustness of the
measurement can be increased. Thus, the contact impedance
sensor 36 may be used for providing redundancy, e.g. in
situations with disturbing ambient light etc. Alternatively, it is
also possible to combine the readings of the two sensors by
averaging with equal, individual or even adapted weights.
[0092] Thetemperature sensor 38 provides a reading that is
indicative of the (core) body temperature 46 of the living
being. The tissue color parameter 48 can be derived from
either the DC level 304 of the light of the first wavelength or
from the DC level 30¢ of the light of the second wavelength.
Again, if both readings are available a higher accuracy or
redundancy may be obtained. Also the heart rate 50 may be
obtained by one or both of the AC levels 305, 304 of the light
ofthe first and second wavelength. In order to derive a reading
for the blood oxygen saturation (SpO2) 52 of the living being,
it is required to evaluate both the DC levels 304, 30¢ and AC
levels 305, 30d of light of both wavelengths. Furthermore, a
respiration parameter 54, in particular a breathing rate, but
also parameters like the fluctuation of the breathing rate, the
breath intensity etc. can be obtained from the respiration
sensor 40. Preferably, the respiratory sensor 40 is embodied
by an air pressure sensor. However, it is also possible to obtain
areading for the breathing rate from an evaluation ofthe PPG
signals or from the temperature (by use of the sensors thatare
already available or by use of separate sensors). This is,
however, not illustrated in FIG. 6 for clarity.

[0093] Thedifferent sensors are combined to derive several
tissue-specific (e.g. tissue hydration and color) and whole-
body (e.g. heart rate, SpO2, and breathing rate) physiological
parameters to assess an individual’s hydration status (body
hydration index).

[0094] In an exemplary embodiment, the parameters are
compared to ‘normal’ reference values and the deviation of
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‘normal’ is determined for each of the parameters in a first
processing step 56. Then, the deviations are weighted (based
on relative importance of the physiological sign, reliability/
quality of the signal measured, weight, age, medical history,
etc.) and combined in a second step 58 to obtain an indication
of a living being’s hydration status, i.e. his body hydration
index. Then, feedback may be provided to the living being
and/or to his family, caregiver, physician etc. in a third step
60.

[0095] In FIG. 7 an example of how parameters can be
weighted and combined to assess the degree of dehydration,
i.e. to calculate a body hydration index, is illustrated. In the
illustrated embodiment, the tissue reflectivity is measured by
means of the first light detector for detecting polarized light.
Additionally, it is also possible that the tissue impedance is
measured and combined with the reading of the first light
detector. Furthermore, the tissue color and the heart rate are
obtained from a PPG signal obtained by means of a second
light detector. Still further, the body temperature is assessed
by means of the temperature sensor and the breathing rate is
obtained either by means of evaluating the PPG signal or by
making use of a pressure sensor.

[0096] For each of the available parameters, the deviation
with respect to a normal range is scored and at the end, all
points are added to arrive at a dehydration score that repre-
sents the body hydration index. An example scoring system
could be: well-hydrated (0-2 points), mild dehydration (2-6
points), moderate dehydration (6-12 points) and severe dehy-
dration (>12 points).

[0097] It is to be noted that while body temperature, heart
rate, and breathing rate are all physiological parameters with
a known normal range, the values for tissue reflectivity and
color depend strongly on the geometry and dimensions of the
applied sensors (e.g. spacing between LEDs and photodiode).
Therefore, these parameters will usually require a calibration
to find ‘normal’ values and values representing dehydration.
Furthermore, the ‘normal’ values/ranges for all parameters
are age-dependent. For instance, the normal heart rate range
and breathing rate range for infants are 100-160 beats/min
and 30-60 breaths/min, respectively, while for adults these
ranges are 60-100 beats/min and 12-16 breaths/min. It is
therefore important to incorporate the age of the patient when
assessing the degree of dehydration.

[0098] Inalternative embodiments of the present invention
it is also possible to use a linear or nonlinear function that is
directly based on the available sensor parameters to deter-
mine the body hydration index.

[0099] InFIG. 8 an example is illustrated for how the addi-
tion of SpO2 assessment broadens the application field of a
device according to the present invention to the detection of
pulmonary problems such as pulmonary edema and pneumo-
nia. Although these pulmonary problems are clinically unre-
lated to dehydration, they occur in the exact same patient
populations that are prone to dehydration; i.e. elderly in
developed/developing countries and children mainly in
developing countries (dehydration due to diarrhea is the sec-
ond leading cause of child death worldwide). The elderly in
developed countries, besides being prone to dehydration,
often also suffer from cardiovascular disease, such as heart
failure and hypertension, which cause pulmonary edema. The
children in developing countries, on the other hand, are highly
susceptible to pneumonia (first leading cause of child death
worldwide).
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[0100] Tt is illustrated in FIG. 8 how the different param-
eters can be combined to provide an index reflecting the
degree of dehydration (as illustrated in FIG. 7) and give an
indication whether pulmonary problems (indicated by low
Sp02) are related to pulmonary edema (not associated with
fever) or to an infection such as pneumonia (associated with
fever).

[0101] Inafirststep 74, the heart rate and the breathing rate
are assessed. When both parameters are increased, this can be
due to dehydration or due to pulmonary problems. In order to
obtain further information on the cause, tissue moisture and
tissue color can be assessed (step 76). When the tissue portion
has become dry and dark along with the elevated heart rate
and breathing rate, this may indicate dehydration 78. The
degree of dehydration may be evaluated using a scoring sys-
tem as described with respect to FIG. 7. When, however, heart
rate and breathing rate are elevated and SpO2 is low 80, this
may indicate a pulmonary problem (a low SpO2 in combina-
tion with a normal heart rate and breathing rate is physiologi-
cally not possible). Two common types of pulmonary prob-
lems that lead to low SpO2 are pulmonary edema 82 and
pulmonary infections 84 such as pneumonia. Since pulmo-
nary infections are associated with a rise in body temperature
and pulmonary edema is not, the body temperature 86 can be
used to give an indication of the type of a (potential) pulmo-
nary problem.

[0102] Clearly, a living being may, e.g., suffer from pulmo-
nary edema (fluid retention) while being dehydrated. Thisis a
common complication in elderly heart failure and hyperten-
sion patients.

[0103] In FIGS. 9 and 10 a preferred embodiment of a
device 10 according to the present invention is illustrated. As
illustrated, an oral stick for being applied in the mouth of a
living being 62 or, more precisely, to a tissue portion of the
tongue of the living being 62. The handheld oral stick may
comprise a rectangular tip at the end. The tip of the device
could be envisioned as a disposable or a semi-disposable to be
easily disconnected from the main body of the device. Alter-
natively the tip of the device may be covered by a transparent
(at least for the wavelengths of the first and second light
source 14, 34) elastic disposable. Clearly, it is also possible to
apply the oral stick to the cheek of the living being. By means
of such an oral stick different parameters may be measured
simultaneously with a response time of less than a minute. As
illustrated in FIG. 9 a progress indication may be provided
during the measurement, e.g. by means of a display 42.

[0104] InFIG. 10 a top view and a bottom view of the oral
stick are further illustrated in greater detail. The device may,
e.g., have a length of 10-17 cm at a width of 1-2 ¢cm and a
thickness 0f 0.2-1 cm. The portion of the device to be inserted
into the mouth may have a length of 1-2 ¢cm. On the top side
104, a connector 64, such as a USB connector, may be pro-
vided. Further, a display 42 may provide feedback informa-
tion to a user in the form of the readings of the respective
sensors and in the form of a body hydration index (repre-
sented by a statement “mildly dehydrated” in the illustrated
example). Apart from a connector and/or a display, the inter-
face means may also include a wireless communication mod-
ule for connecting to a network or to another device. There
may be comprised a respiration sensor 40, e.g. in the form of
an air pressure sensor or a temperature sensor, based on which
a signal can be obtained that is indicative of a respiration
parameter such as a breathing rate.
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[0105] On the bottom side 105 of the device 10 a space 66
for energy storage means or data storage means or for addi-
tional communication means (e.g. a wireless interface or
wireless network connection) may be provided. Furthermore,
the illustrated embodiment of the present invention comprises
a firstlight source 14 that includes two red LEDs and a second
light source 34 that includes two infrared LEDs. A photo-
diode 68 represents the first light detector and the second light
detector. In other embodiments two photodiodes may be
used. Still further, a contact impedance sensor including two
current electrodes 70 and two voltage electrodes 72 (for mea-
suring the voltage across the current path between the current
electrodes) is illustrated. The temperature sensor 38§ may
provide a reading that is indicative of the body temperature of
the living being.

[0106] In FIG. 11 a method according to an aspect of the
present invention is schematically illustrated. The method
includes the steps of emitting (step S10) light of a first wave-
length, polarizing (step S12) at least part of the emitted light,
detecting (step S14) reflected light and deriving (step S16) a
tissue hydration parameter and determining (step S18) a body
hydration index.

[0107] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims.

[0108] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or an does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0109] A computer program may be stored/distributed on a
suitable non-transitory medium, such as an optical storage
medium or a solid-state medium supplied together with or as
part of other hardware, but may also be distributed in other
forms, such as via the Internet or other wired or wireless
telecommunication systems.

[0110] Any reference signs in the claims should not be
construed as limiting the scope.

1. Device for measuring a hydration state of a living being,

comprising:

a first light source for emitting light of a first wavelength
into a tissue portion of the living being;

polarization means for polarizing at least part of the emit-
ted light prior to an interaction of the emitted light with
the tissue portion;

a first light detector for detecting polarized light of the first
wavelength reflected at the tissue portion, which has
retained its polarization in the reflection; and

processing means configured to derive a tissue hydration
parameter from an intensity of the detected reflected
polarized light and to determine a body hydration index
based on said tissue hydration parameter.

2. Device as claimed in claim 1, further comprising:

asecond light detector for detecting non-polarized light of
the first wavelength after an interaction of said light of
the first wavelength with the tissue portion; wherein
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the processing means are configured to further derive a
tissue color parameter and/or at least one vital sign
parameter, in particular a heart rate and/or a breathing
rate, from the detected non-polarized light and to deter-
mine the body hydration index further based on said
tissue color parameter and/or based on said vital sign
parameter.

3. Device as claimed in claim 1, further comprising:

a second light source for emitting light of a second wave-
length into the tissue portion of the living being;

a second light detector for detecting non-polarized light of
the first wavelength and non-polarized light of the sec-
ond wavelength after an interaction of said light of the
first wavelength and said light of the second wavelength
with the tissue portion; wherein

the processing means are configured to further derive a
tissue color parameter and/or at least one vital sign
parameter, in particular a heart rate, a breathing rate
and/or a blood oxygen saturation, from the detected
non-polarized light and to determine the body hydration
index further based on said tissue color parameter and/or
based on said at least one vital sign parameter.

4. Device as claimed in claim 1, further comprising;

a contact impedance sensor for determining an impedance
parameter of the tissue portion; wherein

the processing means are configured to derive the tissue
hydration parameter further based on said impedance
parameter.

5. Device as claimed in claim 1, further comprising;

atemperature sensor for determining a temperature param-
eter being indicative of a body temperature of the living
being; wherein

the processing means are configured to determine the body
hydration index further based on said temperature
parameter.

6. Device as claimed in claim 1, further comprising;

a respiration sensor for determining a respiration signal;
wherein

the processing means are configured to further derive a
respiration parameter from the determined respiration
signal, in particular a breathing rate, and to determine
the body hydration index further based on said respira-
tion parameter.

7. Device as claimed in claim 3, wherein

the processing means are configured to further determine a
pulmonary parameter being indicative of a pulmonary
problem of the living being based on the at least one vital
sign parameter and the temperature parameter.

8. Device as claimed in claim 1, further comprising:

a beam splitter arranged between the first light source and
the tissue portion for guiding the emitted light into the
tissue portion and for guiding the light reflected at the
tissue portion to the first light detector.

9. Device as claimed in claim 8, wherein

the beam splitter is polarization-sensitive; and/or

the polarization means are integrated with the beam split-
ter.

10. Device as claimed in claim 1, wherein

the first light detector includes second polarization means
for polarizing incident light.

11. Device as claimed in claim 1, wherein

the processing means are configured to determine the body
hydration index based on comparing a parameter with a
predetermined reference parameter.
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12. Device as claimed in claim 1, further comprising:

interface means for providing feedback information to a
user, the feedback information in particular including
the body hydration index.

13. Device as claimed in claim 1, further comprising:

a housing configured to be in contact with a tongue of the

living being comprising the tissue portion.

14. Method for measuring a hydration state of a living
being comprising the steps of’

emitting light of a first wavelength into a tissue portion of

the living being;
polarizing at least part of the emitted light prior to an
interaction of the emitted light with the tissue portion;

detecting polarized light of the first wavelength reflected at
the tissue portion, which has retained its polarization in
the reflection; and

deriving a tissue hydration parameter from an intensity of

the detected reflected polarized light and determining a
body hydration index based on said tissue hydration
parameter.

15. Computer program comprising program code means
for causing a computer to carry out the deriving step of the
method as claimed in claim 14 when said computer program
is carried out by the processing means of the device for
measuring a hydration state of a living being,

I I T T
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