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Method for enhanced determination of analyte concentration in bodily fluid

Technical Field

The present invention relates to a method of determining a concentration of an analyte in a
bodily fluid, using at least one mobile device having a camera and a processor. Further, the
invention relates to a mobile device having a camera and a processor for carrying out the
method, to a kit comprising a mobile device having a camera and a processor, to computer
programs and computer-readable storage media. The methods, mobile devices, computer pro-
grams and storage media specifically may be used in medical diagnostics, for example in or-
der to qualitatively or quantitatively detect one or more analytes in body fluids, such as for

detecting glucose in blood or interstitial fluid.

Background art

In the field of medical diagnostics, in many cases, one or more analytes have to be detected in
samples of a body fluid, such as blood, interstitial fluid, urine, saliva or other types of body
fluids. Examples of analytes to be detected are glucose, triglycerides, lactate, cholesterol or
other types of analytes typically present in these body fluids. According to the concentration

and/or the presence of the analyte, an appropriate treatment may be chosen, if necessary.

Generally, devices and methods known to the skilled person make use of test elements com-
prising one or more test chemicals, which, in the presence of the analyte to be detected, are
capable of performing one or more detectable detection reactions, such as optically detectable
detection reactions. With regard to the test chemicals comprised in test elements, reference
may be made e.g. to J. Hoenes et al.: The Technology Behind Glucose Meters: Test Strips,
Diabetes Technology & Therapeutics, Volume 10, Supplement 1, 2008, S-10 to S-26.
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In analytical measurements, specifically analytical measurements based on color formation
reactions, one technical challenge resides in the evaluation of the color change which is due to
the detection reaction. Besides using dedicated analytical devices, such as handheld blood
glucose meters, the use of generally available electronics such as smart phones and portable

computers or other mobile devices has become more and more popular over the recent years.

As opposed to laboratory measurements and measurements performed by using dedicated
analytical measurement devices, when using mobile computing devices such as smart phones,
various additional influences need to be taken into account, such as for example, lighting con-
ditions and positioning aspects, which may be rather difficult to take into account. In order to
improve the accuracy of results of analyte detection in these cases nonetheless, it is therefore
beneficial to appropriately take into account any parameters known to be involved in the de-

sired analyte detection or measurement.

For analytical measurements based on test chemicals, one such parameter usually is the tem-
perature at which a reaction of an analyte with test chemicals takes place, see with regard to
such test chemicals comprised in test elements e.g. the above-cited reference to J. Hoenes et

al.

When using mobile devices, one approach to take the temperature of a reaction on a test ele-
ment into account is to provide a temperature sensor or a temperature indication area right on

the test strip itself.

For example, US9778200B2 describes a method for a portable computing device having an
image sensor and a screen on a same side of the portable computing device to read a reaction
area on a test strip, which is located in a peripheral device, the method comprising inter alia:
providing light to illuminate the reaction area; capturing an image with the image sensor sub-
stantially free from ambient light; and determining an analyte characteristic based on a color
of the captured reaction area in the image. The test strip may include a temperature sensor
which can be read electrically to determine a temperature of the test strip, and an analyte

characteristic may be corrected based on the temperature of the test strip; or the test strip may
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include a temperature indication area, and a specimen characteristic may be corrected based

on the captured temperature indication area in the image.

EP3018470A1 describes a method of a terminal measuring biometric information, the method
comprising: receiving an image of a biosensor comprising a reagent pad on which a sample is
collected; and comparing brightness information of a reacting region of the reagent pad in the
received image with reference brightness information in the received image to determine a
value of a reagent reaction between the reagent pad and the sample. The method may further
comprise determining a temperature of the sample based on temperature information that is

indicated by a temperature measurer that is attached to the reagent pad in the received image.

When determining ambient temperatures with a mobile device, care needs to be taken to com-
pensate for any impacts on temperature measurement from the mobile device itself, such as

heat generated by any components of the mobile device.

An approach to address this aspect is described e.g. in US9784624B2 directed to a portable
electronic device, comprising a temperature sensor for sensing an ambient temperature and at
least one other temperature sensor for sensing a temperature inside the portable electronic
device, a set of components radiating heat in an active state, a calibration module, and a com-
pensator for determining a compensated ambient temperature dependent on at least the sensed
ambient temperature and at least one adjusted sensed inside temperature, wherein the calibra-
tion module is adapted to conduct a calibration measurement in response to a powering on of

the portable electronic device subsequent to a powered-down or a stand-by state.

Another approach to address this aspect is described in US7947222B2 directed to a mobile
communication terminal equipped with temperature compensation function for use in bio-
information measurement, including a biosensor insertion into which a biosensor directly de-
tecting bio-information of a subject is inserted, a temperature measurement unit, and a con-
troller analyzing the bio-information, wherein the temperature measurement unit measures
temperatures of a biosensor housing without contacting the biosensor housing directly and

with the biosensor completely outside the biosensor housing, and wherein the controller cor-
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rects the bio-information using the temperature of the biosensor housing measured by the

temperature measurement unit.

Furthermore, US9326097B2 describes an approach to sense a surrounding of a mobile device
by using information from sensors of a mobile device, which may include a temperature sen-
sor, in combination with receiving a weather condition from a remote server in order to de-
termine whether the mobile device is likely to be indoor or outdoor based on one or more
weighted outputs from the sensors, wherein a timing for determining whether the mobile de-
vice is indoor or outdoor is adjusted, wherein a GPS receiver is used to determine how many
satellites' signals can be received, and wherein it is determined that the mobile device is likely

to be indoor if a number of satellites with receivable signals is below a threshold.

US 2013/267032 A1l and EP 3 575 781 A2 relate to a specimen test strip to detect a character-
istic of an analyte in a specimen sample, comprising a reaction area configured to receive the
specimen sample; and a color calibration area configured to determine a color of the reaction
area after receiving the specimen sample, wherein the specimen test strip may further com-
prise a temperature indication area configured to correct a measurement of the characteristic
of analyte; and wherein a computing device may use a built-in temperature sensor to approx-

imate or determine the temperature of a reaction area.

Despite the advantages involved in using mobile computing devices for the purpose of per-
forming an analytical measurement, one of the remaining technical challenges still is to ap-
propriately take into account a temperature of a reaction involving an analyte to be detected

and test chemicals comprised in test elements.

Problem to be solved

It is therefore desirable to provide devices and methods which at least partially address the
above-mentioned challenge. Specifically, it is desirable to provide devices and methods which
allow for an efficient mobile-based determination of a concentration of an analyte in a bodily

fluid with reliable accuracy, however, with low effort for setup and implementation.
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Summary

This problem is addressed by a method for determining a concentration of an analyte in a bod-
ily fluid by using at least one mobile device having a camera and a processor; further, by a
mobile device having at least one camera and a processor, by a kit comprising a mobile de-
vice and an optical test strip, and by computer programs and computer-readable storage me-
dia, with the features of the independent claims. Advantageous embodiments which might be
realized in an isolated fashion or in any arbitrary combinations are listed in the dependent
claims.

As used in the following, the terms “have”, “comprise” or “include” or any arbitrary gram-
matical variations thereof are used in a non-exclusive way. Thus, these terms may both refer
to a situation in which, besides the feature introduced by these terms, no further features are
present in the entity described in this context and to a situation in which one or more further
features are present. As an example, the expressions “A has B”, “A comprises B” and “A in-
cludes B” may both refer to a situation in which, besides B, no other element is present in A
(i.e. a situation in which A solely and exclusively consists of B) and to a situation in which,
besides B, one or more further elements are present in entity A, such as element C, elements

C and D or even further elements.

Further, it shall be noted that the terms “at least one”, “one or more” or similar expressions
indicating that a feature or element may be present once or more than once typically will be
used only once when introducing the respective feature or element. In the following, in most
cases, when referring to the respective feature or element, the expressions “at least one” or
“one or more” will not be repeated, non-withstanding the fact that the respective feature or
element may be present once or more than once.

" on "on

Further, as used in the following, the terms "preferably", "more preferably", "particularly”,

"non
>

"on
>

"more particularly", "specifically", "more specifically" or similar terms are used in con-
junction with optional features, without restricting alternative possibilities. Thus, features in-
troduced by these terms are optional features and are not intended to restrict the scope of the

claims in any way. The invention may, as the skilled person will recognize, be performed by

-5-



10

15

20

25

30

WO 2021/160628 PCT/EP2021/053119

using alternative features. Similarly, features introduced by "in an embodiment of the inven-
tion" or similar expressions are intended to be optional features, without any restriction re-
garding alternative embodiments of the invention, without any restrictions regarding the scope
of the invention and without any restriction regarding the possibility of combining the fea-

tures introduced in such way with other optional or non-optional features of the invention.

In a first aspect of the present invention, a method for determining a concentration of an ana-
lyte in a bodily fluid is disclosed, the method comprising using a mobile device having a
camera and a processor. The method comprises the following steps which, as an example,
may be performed in the given order. It shall be noted, however, that a different order is also
possible. Further, it is also possible to perform one or more of the method steps once or re-
peatedly. Further, it is possible to perform two or more of the method steps simultaneously or
in a timely overlapping fashion. The method may comprise further method steps which are
not listed. The method comprises, in a first step 1), capturing at least one image of at least a
part of an optical test strip having a sample of the bodily fluid applied onto a reagent test re-
gion of the test strip, wherein the capturing comprises using the camera of the mobile device.
The at least one image captured comprises at least a part of the reagent test region having the
sample of the bodily fluid applied thereto. The method further comprises determining, by the
processor, the analyte concentration from the image captured, based on a color formation re-

action at the reagent test region having the sample of the bodily fluid applied thereto.

The method further comprises:

ii) receiving local temperature information at a current location of the mobile device, where-
in said local temperature information is received by the mobile device from at least two
of the following temperature source options:

a) aremote weather information service;

b) atemperature sensor of an external electronic device; and

¢) atemperature sensor of the mobile device;
or wherein said local temperature information is received by the mobile device from a
temperature sensor of an external electronic device.

In step ii), the external electronic device is selected from one or more of wearables, such as

fitness trackers, smart watches, smart glasses, smart clothing; smart-home components, such

-6-
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as electronic heating systems, smart temperature measurement units, home weather stations;
and body-worn sensors, such as non-invasive analyte measurement sensors. Some more de-

tails of such external electronic devices are described herein below.

Optionally, the method may further comprise:
ii1) determining, by the processor, a correction temperature and/or a correction temperature

function, using the local temperature information from step ii).

The determining, by the processor, of the analyte concentration from the image captured,
based on a color formation reaction at the reagent test region having the sample of the bodily
fluid applied thereto, takes into account at least one of the local temperature information from
step ii), the correction temperature from step iii), and the correction temperature function from

step iii).

Without narrowing the scope, the invention specifically may be described with respect to
blood glucose measurements. It shall be noted, however, that the present invention may also

be used for other types of analytical measurements using test elements.

The term “determining a concentration of an analyte in a bodily fluid”, also referred to as an
“analytical measurement”, as used herein, is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to a quantitative-
ly and/or qualitatively determination of at least one analyte in an arbitrary sample or aliquot
of bodily fluid. For example, the bodily fluid may comprise one or more of blood, interstitial
fluid, urine, saliva or other types of body fluids, particularly blood. The result of the determin-
ing of the concentration, as an example, may be a concentration of the analyte and/or the
presence or absence of the analyte to be determined. Specifically, as an example, the analyti-
cal measurement may be a blood glucose measurement, thus the result of the analytical meas-
urement may for example be a blood glucose concentration. In particular, an analytical meas-

urement result value may be determined by the analytical measurement.
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Consequently, the term “analyte concentration value”, often also referred to as “analytical
measurement result value”, as used herein, is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to a numerical

indication of an analyte concentration in a sample.

The at least one analyte, as an example, may be or may comprise one or more specific chemi-
cal compounds and/or other parameters. As an example, one or more analytes may be deter-
mined which take part in metabolism, such as blood glucose. Additionally or alternatively,

other types of analytes or parameters may be determined, e.g. a pH value.

The method, as outlined above, comprises using at least one mobile device having at least one
camera. The term “mobile device” as used herein is a broad term and is to be given its ordi-
nary and customary meaning to a person of ordinary skill in the art and is not to be limited to
a special or customized meaning. The term specifically may refer, without limitation, to a
mobile electronics device, more specifically to a mobile communication device such as a cell
phone or smartphone. Additionally or alternatively, the mobile device may also refer to a tab-
let computer or another type of portable computer having at least one camera and at least one

processor.

The term “camera” as used herein is a broad term and is to be given its ordinary and custom-
ary meaning to a person of ordinary skill in the art and is not to be limited to a special or cus-
tomized meaning. The term specifically may refer, without limitation, to a device having at
least one imaging element configured for recording or capturing spatially resolved one-
dimensional, two-dimensional or even three-dimensional optical data or information. As an
example, the camera may comprise at least one camera chip, such as at least one CCD chip
and/or at least one CMOS chip configured for recording images. As used herein, without limi-
tation, the term “image” specifically may relate to data recorded by using a camera, such as a
plurality of electronic readings from the imaging device, such as the pixels of the camera

chip.
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The camera, besides the at least one camera chip or imaging chip, may comprise further ele-
ments, such as one or more optical elements, e.g. one or more lenses. As an example, the
camera may be a fix-focus camera, having at least one lens which is fixedly adjusted with
respect to the camera. Alternatively, however, the camera may also comprise one or more
variable lenses which may be adjusted, automatically or manually. The invention specifically
shall be applicable to cameras as usually used in mobile applications such as notebook com-
puters, tablets or, specifically, cell phones such as smart phones. Thus, specifically, the cam-
era may be part of a mobile device which, besides the at least one camera, comprises one or
more data processing devices such as one or more data processors. Other cameras, however,

are feasible.

The method further comprises using at least one optical test strip having at least one reagent
test region, also referred to as a “test field” herein. The term “optical test strip” as used herein
is a broad term and is to be given its ordinary and customary meaning to a person of ordinary
skill in the art and is not to be limited to a special or customized meaning. The term specifi-
cally may refer, without limitation, to an arbitrary element or device configured for perform-
ing a color-change detection reaction. The optical test strip may also be referred to as test strip
or test element, wherein all three terms may refer to the same element. The optical test strip
may particularly have a reagent test region containing at least one test chemical for detecting
at least one analyte. The optical test strip, as an example, may comprise at least one substrate,
such as at least one carrier, with the at least one reagent test region applied thereto or integrat-
ed therein. In particular, the optical test strip may further comprise one or more reference are-
as, such as a white field and/or a black field. Additionally or alternatively, the substrate or
carrier itself may be or may comprise such a reference area. As an example, the at least one
carrier may be strip-shaped, thereby rendering the test element a test strip. These test strips are
generally widely in use and available. One test strip may carry a single test field or a plurality

of test fields having identical or different test chemicals comprised therein.

As further used herein, the term “reagent test region” (also referred to as a “test field” herein)
is a broad term and is to be given its ordinary and customary meaning to a person of ordinary
skill in the art and is not to be limited to a special or customized meaning. The term specifi-

cally may refer, without limitation, to a coherent amount of the test chemical, such as to a

-9.-
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field, e.g. a field of round, polygonal or rectangular shape, having one or more layers of mate-
rial, with at least one layer of the test field having the test chemical comprised therein. With
regard to the test chemicals comprised in optical test strips, as an example reference is made
to J. Hoenes et al.: The Technology Behind Glucose Meters: Test Strips, Diabetes Technology
& Therapeutics, Volume 10, Supplement 1, 2008, S-10 to S-26. Other types of test chemistry

are possible and may be used for performing the present invention.

As outlined above, the method comprises capturing at least one image of at least a part of the
reagent test region having the sample of the bodily fluid applied thereto, by using the camera.
The term “capturing at least one image” as used herein is a broad term and is to be given its
ordinary and customary meaning to a person of ordinary skill in the art and is not to be limited
to a special or customized meaning. The term specifically may refer, without limitation, to
one or more of imaging, image recording, image acquisition, image capturing. The term “cap-
turing at least one image” may comprise capturing a single image and/or a plurality of images
such as a sequence of images. For example, the capturing of the image may comprise record-
ing continuously a sequence of images such as a video or a movie. The capturing of the at
least one image may be initiated by the user action or may automatically be initiated, e.g.
once the presence of the at least one object within a field of view and/or within a predeter-
mined sector of the field of view of the camera is automatically detected. These automatic
image acquisition techniques are known e.g. in the field of automatic barcode readers, such as
from automatic barcode reading apps. The capturing of the images may take place, as an ex-
ample, by acquiring a stream or “life stream” of images with the camera, wherein one or more
of the images, automatically or by user interaction such as pushing a button, are stored and
used as the at least one first image or the at least one second image, respectively. The image
acquisition may be supported by a processor of the mobile device, and the storing of the im-

ages may take place in a data storage device of the mobile device.

The capturing of the at least one image may comprise capturing at least one image with hav-
ing the sample of the bodily fluid applied to the test strip and, further and optionally, such as
before capturing the image with the sample applied to the test strip, capturing at least one im-
age without having the sample of the body fluid applied to the test strip. The latter image spe-

cifically may be used for comparative purposes and may also be referred to as a “blank im-
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age” or “dry image”. The sample application generally may take place, as an example, direct-
ly or indirectly, e.g. via at least one capillary element. The at least one image captured after
sample application may typically also be referred to as the “wet image”, even though the
sample may have dried when the image is actually captured. The wet image typically may be
taken after having waited for at least a predetermined waiting time, such as after five seconds
or more, in order to allow for the detection reaction to take place. Thus, as an example, the
method may comprise, between taking the at least one optional dry image and the at least one
wet image, waiting for at least a predetermined minimum amount of time. This predetermined
minimum amount of time specifically may be sufficient for a detection reaction to take place

in the test strip. As an example, the minimum amount of waiting time may be at least 5 s.

The method comprises determining the analyte concentration, particularly an analyte con-
centration value, from color formation of the test field. Thus, the method may be an analytical
measurement including a change of at least one optical property of an optical test strip, which
change may be measured or determined visually by using the camera. Specifically, the analyt-
ical measurement may be or may comprise a color formation reaction in the presence of the at
least one analyte to be determined. The term “color formation reaction” as used herein is a
broad term and is to be given its ordinary and customary meaning to a person of ordinary skill
in the art and is not to be limited to a special or customized meaning. The term specifically
may refer, without limitation, to a chemical, biological or physical reaction during which a
color, specifically a reflectance, of at least one element involved in the reaction, changes with
the progress of the reaction. The color formation may be detected by the mobile device, such
as by a processor of the mobile device, and may be evaluated quantitatively, such as by deriv-
ing, from the at least one image, at least one parameter quantifying or characterizing the color
formation of the test field due to the presence of the analyte in the bodily fluid. To this end,
one or more specific color coordinates may be used. Thus, the mobile device and specifically
the processor of the mobile device may be configured for determining a color change by de-
termining a change of one or more color coordinates taking place due to the detection reac-

tion.

The at least one analyte concentration, particularly analyte concentration value, is determined

from the color formation of the test field. For this purpose, the at least one image is used. The
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analyte concentration value, as an example, may be a numerical value indicator of a result of
the analytical measurement, such as indicative of the concentration of at least one analyte in

the sample, such as a blood glucose concentration.

The term “local temperature information” as used herein is a broad term and is to be given its
ordinary and customary meaning to a person of ordinary skill in the art and is not to be limited
to a special or customized meaning. The term specifically may refer, without limitation, to
any information on a temperature which is measured or which can be assumed at a current
location of the mobile device. The information on local temperature may be represented as a
numerical value in any well-known scale available, such as degree Celsius (°C), degree Fahr-
enheit (°F), or Kelvin (K). In some cases, alternatively, the “local temperature information”
may be provided in the form of a temperature range. Furthermore, it is to be noted that the
“local temperature information” may be received from one or more of any of the temperature
source options of step ii) which are available at a current location of the mobile device. Thus,
the “local temperature information” may be a temperature value, received from a single one of
the temperature source options, or it may be a temperature value, received from two or more
of the temperature source options. In the latter case, the “local temperature information” may
be a temperature value derived from a combination (such as an average temperature value) or
from a weighted combination of two or more temperature values received by the mobile de-
vice. The term “local” used in this context refers to the temperature at the current location of
the mobile device, for example an indoor location or an outdoor location. Further, the term
“local” used herein may refer to any place or area which may be specified or defined in order
to appropriately represent or approximate the temperature condition at or within a locally re-
stricted surrounding of the mobile device. For example, it usually may be appropriate to refer
to a temperature condition of a region (e.g. a city, a part of a city, a neighborhood, a landscape
or a part thereof, a county or a federal state, etc.), particularly if the current location of the
mobile device is outdoors. In this regard, the “local temperature information” may relate to
information on temperature as provided by any commonly available online weather service,
as far as information on local temperatures is provided. If the current location of the mobile
device is indoors, alternatively or additionally, it may be appropriate to refer to a temperature

condition within a housing or within a room.

-12 -
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Similarly, the term “current location of the mobile device” as used herein is a broad term and
is to be given its ordinary and customary meaning to a person of ordinary skill in the art and is
not to be limited to a special or customized meaning. The term specifically may refer, without
limitation, to any place or area which may represent or approximate a locally restricted sur-
rounding of the mobile device. Generally, such place or area may be identified or described
depending on the capabilities of the localization technique used. For example, it may be pos-
sible to locate the current location of the mobile device in a specific part of a city; a specific
neighborhood or a part thereof; a specific street, address, building, or house; a specific estate,
site, or parcel of land; etc.). Particularly, if the current location of the mobile device is in-
doors, alternatively or additionally, it may be possible to locate the current location of the

mobile device within a specific housing or within a specific room.

The term “correction temperature” as used herein is a broad term and is to be given its or-
dinary and customary meaning to a person of ordinary skill in the art and is not to be limited
to a special or customized meaning. The term specifically may refer, without limitation, to
one or more of a specific temperature value, an average temperature value, a representative
temperature value, a reference temperature value, a range of temperature values, and a delta
temperature value, particularly a delta temperature value from a reference temperature value.
The term “correction temperature function” may refer to a mathematical function, factor, for-
mula, or algorithm, each of which may be applied by using the local temperature information
received by the mobile device as an input, or as a trigger for applying said function, factor,
formula, or algorithm, in the determination of the analyte concentration in step iv). Generally,
the “correction temperature” and the “correction temperature function” may be useful to ap-
propriately take into account any impact of temperature on chemical reactions as used herein
in a reagent test region of an optical test strip. Such impacts may e.g. be described by the Ar-
rhenius equation, which is well-known to the skilled person, and which is a formula for the
temperature dependence of reaction rates. In the Arrhenius equation, the variable T is the ab-
solute temperature (in kelvins). In some cases, the determining of the analyte concentration in
step iv) based on the color formation reaction at the reagent test region may be assumed to
take place at typical temperatures, such as at room temperature, e.g. at about 20 °C. In such
cases, any temperature influence on the chemical reaction may not explicitly be represented

by a factor, a formula, or an algorithm using the local temperature information received as an
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input; in these cases, the “correction temperature” may be determined to be set as a typical

temperature, such as room temperature, e.g. at about 20 °C. Alternatively, in these cases the

“correction temperature function” may be determined to be a multiplication factor equal to

“17, i.e. not affecting the calculation of analyte concentration.

The method may further comprise the step of displaying the analyte concentration value, such

as on a display of the mobile device. Additionally or alternatively, the method may comprise

storing the at least one analyte concentration value in at least one data storage device of the

mobile device. Again additionally and alternatively, the method may further comprise trans-

mitting the at least one analyte concentration value via at least one interface and/or via at least

one data transmission network, such as to another computer, e.g. for further evaluation.

Accordingly, in the first aspect, the present invention particularly relates to an analytical

method for determining a concentration of an analyte, particularly blood glucose, in a bodily

fluid, particularly blood, by using a mobile device having a camera and a processor, compris-

ing:

i)

capturing at least one image of at least a part of an optical test strip by the camera, the
optical test strip having a sample of the bodily fluid applied onto a reagent test region of
the test strip, wherein the image comprises at least a part of the reagent test region hav-
ing the sample of the bodily fluid applied thereto; and
receiving local temperature information at a current location of the mobile device,
wherein said local temperature information is received by the mobile device from at
least two of the following temperature source options:

a) aremote weather information service;

b) atemperature sensor of an external electronic device; and

¢) atemperature sensor of the mobile device;
or wherein said local temperature information is received by the mobile device from a
temperature sensor of an external electronic device; and
wherein the external electronic device is selected from one or more of wearables, such
as fitness trackers, smart watches, smart glasses, smart clothing; smart-home compo-

nents, such as electronic heating systems, smart temperature measurement units, home
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weather stations; and body-worn sensors, such as non-invasive analyte measurement
sensors; and

iii) optionally, determining, by the processor, a correction temperature and/or a correction
temperature function, using the local temperature information from step ii); and

iv) determining, by the processor, the analyte concentration from the image captured in step
1), based on a color formation reaction at the reagent test region having the sample of
the bodily fluid applied thereto, taking into account at least one of the local temperature
information from step ii), the correction temperature from step iii), and the correction

temperature function from step iii).

The method proposed provides for an efficient mobile-based determination of a concentration
of an analyte in a bodily fluid, by taking into account information on the temperature at the
current location of a mobile device to be used for performing the method. The local tempera-
ture information is obtained from temperature source options which are available with low
effort at said location. Thus, a reliable accuracy of the analyte measurement can efficiently be

achieved, particularly with low effort for setup and implementation.

In step ii), the method may comprise determining, at least approximately, the current location
of the mobile device by a localization means of the mobile device; particularly, wherein said
determining is carried out automatically by the localization means. Generally, any localization
means which is available to the mobile device, or is applicable to the mobile device, may be
used for said determining of the current location of the mobile device. Useful localization
techniques known to the skilled person comprise global navigation satellite systems (such as
the Global Positioning System, GPS), localization via mobile communications network (the
Global System for Mobile Communications, GSM), and WLAN-based localization (which is

particularly useful for indoor localization).

Typically, said determining of the current location of the mobile device comprises using, by
the localization means, data from at least one of satellites, Assisted GPS (Global Positioning
System), the Global System for Mobile Communications (GSM), multilateration, triangula-
tion, subscriber identity modules (SIM cards), software-based dedicated trackers, Wi-Fi posi-

tioning systems, Wi-Fi networks, navigation tools and navigation systems; particularly, data
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from satellites, and more particularly, said satellite data being selected from at least one of
GPS, Galileo, and GLONASS signals. Specifically, it may be beneficial to use first satellite
data from a first satellite system, and combine said first satellite data with second satellite data
from a second satellite system. More specifically, the second satellite data may be used to
verify the signals from the first satellite system, or to adjust the localization determined from
the first satellite data, or vice versa. Thus, e.g. first satellite data may be used from Galileo,
and may be combined with second satellite data from GPS. Alternatively, first satellite data

may be used from GPS, and may be combined with second satellite data from Galileo.

Particularly, said determining of the current location of the mobile device may comprise se-
lecting, by the localization means, whether the current location of the mobile device is indoors
or outdoors; more particularly, wherein said selecting is carried out automatically by the lo-
calization means. Optionally, said selecting is carried out based on a number and/ or on a
strength of satellite signals received by the localization means. For example, the localization
means may determine the current location of the mobile device to be indoors if the number of
satellite signals received by the localization means is below a threshold, specifically below a
pre-determined threshold, such as e.g. 3 satellite signals received by the localization means,
for at least one of a satellite system used, such as Galileo. Additionally or alternatively, the
localization means may determine the current location of the mobile device to be indoors if
the strength of satellite signals received by the localization means is below a pre-determined
threshold. As is apparent to the skilled person, alternatively, the localization means may de-
termine the current location of the mobile device to be outdoors if the number and/ or strength
of satellite signals received by the localization means is above a threshold, specifically above

a pre-determined threshold.

In an embodiment, step ii) of the method may comprise checking, by the mobile device,
which of the temperature source options a), b) and c) are available for receiving the local tem-
perature information; particularly, checking at least one of’

aa) checking if a remote server is available for wirelessly connecting to the mobile device;
bb) checking if an external electronic device is available for wirelessly connecting to the mo-

bile device;
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cc) checking if, in the mobile device, an ambient temperature sensor and/or a temperature
sensor for detecting overheating, particularly local overheating, is available.

More particularly, step ii) may comprise establishing a wireless connection of the mobile de-
vice to the remote server and/or to the external electronic device, depending on availability
thereof. If a wireless connection of the mobile device to the remote server and/or to the exter-
nal electronic device has been established, the local temperature information may be received
from said temperature source options. Alternatively or additionally, the local temperature in-
formation may be received from an ambient temperature sensor and/or a temperature sensor

for detecting overheating, if any such sensor is available in the mobile device.

Further, step i1) may comprise receiving the local temperature information from all of the

temperature source options a), b) and/or ¢) which are available.

As indicated herein above, the external electronic device of step ii) is selected from one or
more of wearables, such as fitness trackers, smart watches, smart glasses, smart clothing;
smart-home components, such as electronic heating systems, smart temperature measurement
units, home weather stations; and body-worn sensors, such as non-invasive or implantable
analyte measurement sensors. Suitable wearables, smart-home components, and body-worn
sensors are usually equipped with some means for measuring an ambient temperature, such as
a temperature sensor, and with some means for wireless data transmission, such as RFID,
Bluetooth or Bluetooth Low Energy (BLE), and near-field communication (NFC), and the
like. Thus, an ambient temperature measured by at least one of the afore-mentioned devices

may be transmitted wirelessly to the mobile device.

The external electronic device of step ii) may directly provide ambient temperature infor-
mation, particularly for indoor locations, such that the local temperature information may be
received by the mobile device, and thus may be used for determining the analyte concentra-

tion in step iv).

Similarly, in case a temperature sensor of step ii) is available in the mobile device and is an
ambient temperature sensor, said ambient temperature sensor may directly provide ambient

temperature information, particularly for indoor locations, such that the local temperature in-
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formation may be received by the mobile device, and thus may be used for determining the
analyte concentration in step iv). In case a temperature sensor of step ii) is available in the
mobile device and is a temperature sensor for detecting overheating, particularly local over-
heating, e.g. of any component arranged inside the mobile device, said temperature sensor
may provide local temperature information indirectly: For example, particularly in the case of
an outdoor situation, if the temperature sensor in the mobile device indicates a very low tem-
perature value, e.g. 10 °C or less, and the mobile device was running for a minimum amount
of time, e.g. for at least 5 min, then it can be assumed that the ambient temperature in said
outdoor situation is rather low, specifically lower than a moderate room temperature of 20 °C,
e.g. 15 °C or less. Thus, this information can be used as local temperature information at the
current location of the mobile device, in combination with local temperature information from

one or more of the other temperature source options.

In an embodiment of the method, step ii) comprises receiving, by the mobile device, the local
temperature information from a remote weather information service; particularly, wherein the
local temperature information is received from a remote server connected to the mobile de-
vice. Optionally, if the mobile device is not connected to a remote server, the local tempera-
ture information may be received from a memory of the mobile device, said memory having
stored therein recent local temperature information which was previously received, by the
mobile device, from the remote server. Said recent local temperature information contains
local temperature information at the current location of the mobile device which can be used
up to a specific point in time, calculated from the point in time when said recent local temper-
ature information was received by the mobile device. Thus, if the time until said specific point
in time has not yet elapsed, the local temperature information at the current location of the

mobile device can be used from the memory of the mobile device.

In some embodiments of the method, step ii) comprises receiving, by the mobile device, the
local temperature information from at least two of the temperature source options a), b) and
¢), such as from the temperature source options a) and b), from options a) and ¢), or from op-
tions b) and c); particularly from the temperature source options a) and b), or from the tem-
perature source options a) and c¢); and more particularly from all of the temperature source

options a), b) and c).
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In other embodiments of the method, step ii) comprises receiving, by the mobile device, the
local temperature information from the temperature source option b) only, i.e. from an exter-
nal electronic device, which is selected from one or more of wearables, such as fitness track-
ers, smart watches, smart glasses, smart clothing; smart-home components, such as electronic
heating systems, smart temperature measurement units, home weather stations; and body-

worn sensors, such as non-invasive analyte measurement sensors.

Advantageously, step ii) comprises receiving, by the mobile device, the local temperature
information from a remote weather information service, and from at least one of the tempera-

ture source options b) and ¢).

Optionally, the method may further comprise:
iii) determining, by the processor, a correction temperature and/or a correction temperature

function, using the local temperature information from step ii).

Generally, determining a “correction temperature” and/or a “correction temperature function”
may be useful to appropriately take into account any impact of temperature on chemical reac-
tions as used herein in a reagent test region of an optical test strip. As explained further above
herein, the term “correction temperature” may refer e.g. to one or more of a specific tempera-
ture value, an average temperature value, a representative temperature value, a reference tem-
perature value, a range of temperature values, and a delta temperature value, particularly a
delta temperature value from a reference temperature value. The term “correction temperature
function” may refer to a mathematical function, factor, formula, or algorithm, each of which
may be applied by using the local temperature information received by the mobile device as
an input or as a trigger, in the determination of the analyte concentration in step iv). Thereby,
even a rather complex influence of temperature on a chemical reaction for a given reagent test
chemical and a specific analyte can be taken into account for determining the analyte concen-

tration.

For example, if the temperature itself is a variable in an equation, formula, or algorithm, each

of which may be used for determining the analyte concentration by deriving said analyte con-
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centration from the color formation reaction at the reagent test region, then the correction
temperature may be a numerical temperature value which is added to or subtracted from, as
appropriate, the temperature value derived from the local temperature information received by
the mobile device in step ii). Alternatively or additionally, the correction temperature function
may be a numerical factor (e.g. representing a %-value, such as 0.9 for 90%) which is used in
the determination of the analyte concentration in step iv), e.g. by multiplication with the tem-
perature value derived from the local temperature information, or by multiplication with the
analyte concentration initially calculated (i.e. before application of the correction temperature

function).

Further, if the local temperature information is assumed to be reliable, then a correction tem-
perature value derived therefrom may be directly used as input or variable in an equation,
formula, or algorithm, which may be used for determining the analyte concentration by deriv-
ing said analyte concentration from the color formation reaction at the reagent test region. The
latter scenario may e.g. apply if the local temperature information received by the mobile de-
vice is obtained from a temperature sensor of an external electronic device, such as an elec-

tronic heating system or a smart temperature measurement unit.

Furthermore, the local temperature information received by the mobile device may be sub-
jected to one or more plausibility tests. As an example of an indoor situation, if the local tem-
perature information is received by the mobile device from a remote weather information ser-
vice, a moderate temperature, e.g. above 10 °C or above 15 °C, may be assumed at the current
location of the mobile device if the local temperature information received indicates an (out-
door) temperature of about typical room temperature, such as e.g. 20 °C. Furthermore, as an
example of an outdoor situation, reference is made to the illustrative example given herein
above with regard to a temperature sensor in the mobile device indicating a very low tempera-
ture value, e.g. 10 °C or less, and the mobile device was running for a minimum amount of
time, e.g. for at least 5 min, wherein then it can be assumed that the ambient temperature in
said outdoor situation is rather low, specifically lower than a typical room temperature of 20

°C, e.g. 15 °C or less.
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In an embodiment of the method, step iii) comprises verifying or adjusting, by the processor,
the local temperature information received from at least one of the temperature source options
a), b) and ¢), specifically from the temperature source option a). Particularly, said verifying or
adjusting takes the local temperature information received from at least one of the other two

temperature source options into account.

In this embodiment, said adjusting in step iii) may further comprise using a weighted average
of the local temperature information received from the temperature source option a) and from
at least one of the temperature source options b) and c), whereby the correction temperature or

correction temperature function is determined.

In another embodiment of the method, step iii) may further comprise using the local tempera-
ture information from step ii) for selecting one of a plurality of temperature ranges, which
temperature ranges may be pre-defined; particularly, selecting a temperature range which con-

tains a local temperature derived from the local temperature information from step ii).

In this embodiment, the plurality of temperature ranges may comprise from 2 to 10, specifi-
cally from 2to 5, such as e.g. 2, 3, 4 or 5, temperature ranges. Specifically, using a set of at
least 3, such as e.g. 3 or 4, pre-defined temperature ranges has proven to be particularly useful

for carrying out this embodiment of the method.

Furthermore, the plurality of temperature ranges may comprise at least one of a low tempera-
ture range TR(low), comprising temperatures of T < TLow, and a high temperature range
TR(high), comprising temperatures of T > Tuign, wherein Trow may be a temperature select-
ed from the range of from 5 °C to 20 °C, specifically from 10 °C to 15 °C, and wherein Tuicu
may be a temperature selected from the range of from 20 °C to 30 °C, specifically from 20 °C
to 25 °C. If two pre-defined temperature ranges are provided, a first low temperature range
TR(low) may comprise temperatures of T < Trvir, and a second high temperature range
TR(high) may comprise temperatures of T > Trmvit, wherein Tumvir may be a temperature
selected from the range of from 10 °C to 30 °C, specifically of from 15 °C to 25 °C, more

specifically 20 °C. If three pre-defined temperature ranges are provided, a first low tempera-
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ture range TR(low) may comprise temperatures of T < TrLow, a second medium temperature
range TR(med) may comprise temperatures of TLow < T < Tuicn, and a third high temperature
range TR(high) may comprise temperatures of T > Tuics, wherein TLow may be a temperature
selected from the range of from 5 °C to 20 °C, specifically from 10 °C to 15 °C, and wherein
Tuica may be a temperature selected from the range of from 20 °C to 30 °C, specifically from
20 °C to 25 °C. Furthermore, absolute lower and/or upper limits for temperatures may be de-
fined, such that each temperature range is clearly defined by both a lower and an upper tem-
perature value, e.g. with TR(low) comprising temperatures of 0 °C < T < Trow, TR(med)
comprising temperatures of TLow < T < Twign, and TR(high) comprising temperatures of

Tuaigr < T <40 °C.

Each of the plurality of temperature ranges may be associated with its own correction temper-
ature or correction temperature function, wherein said correction temperature or correction
temperature function may be selected independently from one another for each temperature
range. Particularly, a specific correction temperature or correction temperature function may
be selected differently for each temperature range. More particularly, the specific correction
temperature or correction temperature function may represent an approximate average tem-
perature or a representative temperature of one or more of the temperature ranges. For exam-
ple, in the case of three different temperature ranges, e.g. TR(low) comprising temperatures of
T <15 °C, TR(med) comprising temperatures T of 15 °C <T <25 °C, and TR(high) compris-
ing temperatures of T > 25 °C, a first correction temperature for TR(low) may be determined
to be 10 °C, a second correction temperature for TR(med) may be determined to be 20 °C,
and a third correction temperature for TR(high) may be determined to be 35 °C. Each of these
correction temperatures may be directly used in the determination of the analyte concentration
in step iv). Alternatively, a correction temperature function may be determined for each of the
temperature ranges, such as a correction factor or the like. Thus, in this example, if a local
temperature information indicates a temperature value of 12 °C, the first correction tempera-
ture for TR(low) will be determined to be 10 °C; and this first correction temperature of 10 °C
may be taken into account in the determination of the analyte concentration in step iv). Alter-
natively, a first correction temperature function may be determined for the first temperature
range TR(low), e.g. subtracting 10% from the analyte value initially calculated (i.e. before

applying a temperature correction), corresponding to applying a multiplication factor of 0.9.
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In an embodiment, the method further may advantageously comprise only allowing measure-
ments at temperatures which are contained within a temperature range of from an absolute
low temperature limit up to an absolute upper temperature limit, e.g. at temperatures of from 0
°C to 40 °C. Specifically, determining whether or not a measurement is allowed may be based
on at least one of the local temperature information from step ii) and the correction tempera-

ture from step iii).

Optionally, step ii) of the method may further comprise receiving additional local temperature
information at a current location of the mobile device, wherein said additional local tempera-
ture information is received by the mobile device from a thermochromic field. Such a thermo-
chromic field may be provided on the test strip and/or on a color reference card. In such a
case, the image of the optical test strip captured by the camera in step 1) may contain said
thermochromic field, or alternatively a separate image of said thermochromic field may be
captured by the camera. The additional local temperature information may be used in step iii)
for determining the correction temperature, and/or in step iv) for determining the analyte con-

centration.

Optionally, step ii) of the method may further comprise receiving local humidity information
at a current location of the mobile device, wherein said local humidity information is received
by the mobile device from at least one of the following humidity source options:

a) aremote weather information service; and/or

b) a humidity sensor of an external electronic device; and/or

¢) ahumidity sensor of the mobile device.

Further, step i1) of the method may comprise determining, by the processor, a correction hu-
midity and/or a correction humidity function, using the local humidity information; still fur-
ther, step ii) of the method may comprise determining, by the processor, the analyte concen-
tration from the image captured in step i), based on a color formation reaction at the reagent
test region having the sample of the bodily fluid applied thereto, taking into account at least
one of the local humidity information, the correction humidity, and the correction humidity

function.
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In another aspect of the present invention, a mobile device having at least one camera and at
least one processor is provided, the mobile device being configured for determining a concen-
tration of an analyte in a bodily fluid by capturing at least one image of at least a part of an
optical test strip having a reagent test region by using the camera, and by determining the at
least one analyte concentration value from a color formation reaction at the reagent test region
of the optical test strip,
wherein the mobile device further is configured for receiving local temperature information at
a current location of the mobile device,
said local temperature information being received from at least two of the following tempera-
ture source options:

a) aremote weather information service;

b) atemperature sensor of an external electronic device; and

¢) atemperature sensor of the mobile device;
or said local temperature information being received from a temperature sensor of an external
electronic device; and
wherein the external electronic device is selected from one or more of wearables, such as fit-
ness trackers, smart watches, smart glasses, smart clothing; smart-home components, such as
electronic heating systems, smart temperature measurement units, home weather stations; and
body-worn sensors, such as non-invasive analyte measurement sensors; and
wherein the mobile device further is configured for performing at least steps iii) and iv) of the

analytical method described herein above.

In another aspect of the present invention, a kit is provided, comprising a mobile device as

described herein above, and an optical test strip.

In another aspect of the present invention, a computer program is provided, comprising in-
structions which, when the program is executed by the mobile device as described herein
above, cause the mobile device to carry out at least steps iii) and iv) of the analytical method

described herein above.
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In another aspect of the present invention, a computer-readable storage medium is provided,
comprising instructions which, when executed by the mobile device as described herein
above, cause the mobile device to carry out at least steps iii) and iv) of the analytical method

described herein above.

Short description of the Figures

Further optional features and embodiments will be disclosed in more detail in the subsequent
description of embodiments, preferably in conjunction with the dependent claims. Therein,
the respective optional features may be realized in an isolated fashion as well as in any arbi-
trary feasible combination, as the skilled person will realize. The scope of the invention is not
restricted by the preferred embodiments. The embodiments are schematically depicted in the
Figures. Therein, identical reference numbers in these Figures refer to identical or functional-

ly comparable elements.

In the Figures:

Figure 1 shows a flow chart of an embodiment of a method of determining a concen-

tration of an analyte in a bodily fluid.

Detailed description of the embodiments

With regard to table 1 herein below, an analytical method for determining a concentration of
an analyte in a bodily fluid by using a mobile device having a camera and a processor was
used. Instead of a bodily fluid, in this case a glucose reference solution of known concentra-
tion was used, the analyte to be determined accordingly was glucose. Commercially available
Accu-Chek® Active blood glucose test strips were used, which provide for blood glucose de-
termination based on a color formation reaction at a reagent test region. Usually, such test
strips are used with a corresponding Accu-Chek® Active hand-held blood glucose meter for
home use by a lay user. These blood glucose meters include a temperature sensor for sensing
an ambient temperature, which is used for correcting and determining the blood glucose con-

centration.
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Now, a “Moto G6 plus®” mobile phone together with a software running on said mobile
phone (corresponding to the software being distributed in some countries under the name Ac-
cu-Chek® SugarView®) was used to evaluate color formation on the reagent test region, and
to determine blood glucose concentration from said color formation. The measurement proce-
dure included a blank measurement of the dry reagent test strip without having sample applied
thereto, application of a drop of blood to the reagent test region, waiting for a minimum
amount of time for the chemical reaction taking place, and capturing an image of the reagent
test region having the sample applied thereto. From the color formed on the reagent test re-
gion, the software determined a resulting blood glucose concentration. (In the Accu-Chek®
SugarView® software, no concentration value is displayed to the user, but a corresponding

blood glucose range is indicated.)

Measurements were performed at a constant relative humidity of rH = 45. The glucose refer-
ence solution had a known concentration of 120 mg/dl in each case. However, the temperature
was adjusted to 8 °C for a first series of measurements, to 21 °C for a second series of meas-
urements, and to 40 °C for a third series of measurements, respectively. Each series of meas-

urements contained 15 individual measurements.

Deviation glucose n mean dev. | std
Moto G6 plus / T_Target 8 / glcT 120 / rH_Target 45 15 11,0 4.8
Moto G6 plus / T _Target 21 / glcT 120 / rH_Target 45 15 1,7 2.8
Moto G6 plus / T_Target 40 / glcT 120 / rH_Target 45 15 24 3.5

Deviation glucose_corrected for temperature

Moto G6 plus / T _Target 8 / glcT 120 / rH_Target 45 15 -0,1 43
Moto G6 plus / T _Target 21 / glcT 120 / rH_Target 45 15 1,7 2.8
Moto G6 plus / T_Target 40 / glcT 120 / rH_Target 45 15 0,5 3,6

Table 1: Impact of temperature on glucose concentration, shown as deviation from the ex-
pected target glucose concentration values. “mean dev.” refers to the mean deviation

observed, “std” refers to the corresponding standard deviation.
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It has been found that, without taking a correction for a temperature deviating from about
room temperature (such as about 20 °C) into account, a low temperature resulted in a positive
deviation from the expected target concentration (of the glucose reference solution), whereas
a high temperature led to a negative deviation from the expected target concentration. In view
of the mean deviations observed in this example, a first correction temperature function, for
low temperature, was set to apply a factor of 0.9 to the glucose concentrations initially calcu-
lated, resulting in a nearly complete reduction of the mean deviation. A second correction
temperature function, for high temperature, was set to apply a factor of 1.03 to the glucose
concentrations initially calculated, resulting in a substantial reduction of the mean deviation.
At room temperature, the mean deviation was considered acceptably low. Accordingly, a third
correction temperature function, for medium or room temperature, was set to apply a factor of

1.0 to the glucose concentrations initially calculated, thereby not affecting the results.

With regard to Fig. 1, which shows a flow chart of an embodiment of a method of determin-
ing a concentration of an analyte, such as blood glucose, in a bodily fluid, such as blood, at
step 100, a mobile device having a camera and a processor is used to capture at least one im-
age of at least a part of an optical test strip by the camera. The optical test strip has a sample
of the bodily fluid, such as blood, applied onto a reagent test region of the test strip. The im-
age captured comprises at least a part of the reagent test region having the sample of the bodi-

ly fluid applied thereto.

Also at step 100, a current location of the mobile device is determined, at least approximately,
by a localization means of the mobile device. Particularly, said determining may be carried
out automatically by the localization means. Here, said determining of the current location of
the mobile device comprises using, by the localization means, data from at least one satellite
system; particularly, said satellite data may be selected from at least one of GPS, Galileo, and
GLONASS signals, e.g. from Galileo satellites. Based on the number and/or the strength of
the satellite signals, an indoor or an outdoor situation may be determined. Specifically, the
localization means may determine the current location of the mobile device to be indoors if

the number of satellite signals received by the localization means is below a pre-determined
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threshold, e.g. 3 satellite signals received by the localization means, for one satellite system

used, such as Galileo.

If the number of signals from Galileo satellites received by the localization means is 2, then
the localization means determines the current location of the mobile device to be indoors, at
step 110. If the number of signals from Galileo satellites received by the localization means is
more than 2, then the localization means determines the current location of the mobile device
to be outdoors, at step 210. Moreover, by using the satellite signals available, the current loca-
tion of the mobile device is determined or approximated as precisely as the satellite signals

may allow for.

In either case, at step 300, local temperature information at the current location of the mobile
device is received by the mobile device from a temperature source option available, such as
from a remote weather information service, provided on a remote server and accessible via an
internet connection, such as via WLAN. Such online weather information services are widely
available and provide up-to-date weather information, including temperature information,
essentially at every typical location identified, such as e.g. a county, region, city, part of a
city, street, neighborhood, etc. As an example, particularly for Germany, detailed information
can be received from Deutscher Wetterdienst (DWD, which is the German Weather Service),

but a large number of other online weather services may be used as well.

If the localization means has determined the current location of the mobile device to be in-
doors at step 110, the mobile device checks, at step 400, if an external electronic device hav-
ing a temperature sensor is available for wirelessly connecting to the mobile device. Such
external electronic device may be a smart temperature measurement unit, equipped with wire-
less transmission means for transmitting an ambient temperature currently measured to the
mobile device. In this case, a wireless connection of the mobile device to the smart tempera-
ture measurement unit is established, such that additional local temperature information from
another temperature source (the smart temperature measurement unit) is received by the mo-
bile device, in addition to the local temperature information from the temperature source at
step 300 (the remote weather information service). The local temperature information from

the two temperature sources, i.e. from the remote weather information service and from the
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smart temperature measurement unit may be combined at step 500, e.g. the local temperature
information from the two temperature sources may be compared, averaged, verified, and/or

adjusted in such a combination step.

For example, at step 500, an average temperature may be calculated from both temperature
values. Alternatively, the local temperature information received from the remote weather
information service (generally indicating an outdoor temperature) may be verified, or adjust-
ed, by the local temperature information received from the smart temperature measurement
unit (generally indicating an indoor temperature). For example, the local temperature infor-
mation received from the remote weather information service may indicate a temperature of
32 °C, and the local temperature information received from the smart temperature measure-
ment unit may indicate a temperature of 27 °C; then the processor of the mobile device may
verify the local temperature information received from the remote weather information ser-
vice, not changing the temperature value of 32 °C. If the local temperature information re-
ceived from the remote weather information service indicates a temperature of 32 °C, and the
local temperature information received from the smart temperature measurement unit indi-
cates a temperature of 23 °C; then the processor of the mobile device may adjust the local
temperature information received from the remote weather information service, e.g. by sub-
tracting a third of the temperature difference between the two temperature values indicated,
such that in this example 3 °C are subtracted from the initial temperature value of 32 °C, giv-
ing a temperature value of 29 °C. As a result, a temperature value is determined, by the pro-

cessor, from the local temperature information received by the mobile device.

Said temperature value can be used as a correction temperature in the determining, at step
500, of the analyte concentration from the image captured in step 100, which is based on a
color formation reaction at the reagent test region having the sample of the bodily fluid ap-
plied thereto. Alternatively, the local temperature information, e.g. received from the remote
weather information service and verified, or adjusted, by the local temperature information
received from the smart temperature measurement unit, may be used to determine a correction
temperature function, which is established based on a known temperature dependence of the
chemical reaction between the analyte (blood glucose) and the chemical test reagent used in

the optical test element. For example, it may have been observed that measurement accuracy
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is affected rather differently for temperatures above and for temperatures below 30 °C, re-
spectively. In such case, measurement accuracy can be substantially increased by using a dif-
ferent correction temperature function for temperatures above and for temperatures below 30
°C, respectively. Particularly, this aspect can advantageously be employed if the local temper-
ature information received by the mobile device is used for selecting one of a plurality of pre-
defined temperature ranges, such as 3 or 4 temperature ranges, e.g. from 0 to below 15 °C,
from 15 to below 25 °C, from 25 to below 30 °C, and from 30 °C to 40 °C. Herein, it may be
advantageous if each of the temperature ranges is associated with its own specific correction

temperature or correction temperature function.

Furthermore, if the localization means has determined the current location of the mobile de-
vice to be indoors at step 110, and the mobile device has received local temperature infor-
mation from the remote weather information service, at step 300, and from the smart tempera-
ture measurement unit, at step 400, the processor of the mobile device checks if, in the mobile
device, an ambient temperature sensor and/or a temperature sensor for detecting local over-
heating is available, step 600. If so, additional local temperature information may be received
by the mobile device from these temperature sources. In case of an ambient temperature sen-
sor being part of the mobile device, the additional local temperature information received
therefrom may be used analogously as local temperature information received e.g. from a
smart temperature measurement unit, and may be used in the determination of the analyte
concentration at step S00. If a temperature sensor for detecting local overheating is included
in the mobile device, one or more plausibility tests may be performed using the additional

local temperature information received therefrom, at step 700.
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