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(57) ABSTRACT

Methods are provided for detecting an analyte concentration/
presence in a body fluid sample that include providing a set of
at least two different evaluation rules, each evaluation rule
adapted to derive a set characteristic values from an optical
measurement curve, where at least one first characteristic
value is derived from at least one first evaluation rule and at
least one second characteristic value is derived from at least
one second evaluation rule. The methods also include per-
forming at least one multivariate analysis of the at least one
first and second characteristic values by using at least one
predetermined multivariate evaluation algorithm to derive at
least one estimate value for at least one target variableY ofthe
state variables. The methods also include determining at least
one analyte concentration by using the at least one target
variable Y. Also provided are computer programs and devices
that incorporate the same.
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METHODS OF EVALUATING MEDICAL

MEASUREMENT CURVES, AS WELL AS

COMPUTER PROGRAMS AND DEVICES
THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application is a continuation of Int’l
Patent Application No. PCT/EP2013/077348; filed 19 Dec.
2013, which claims priority to and the benefit of EP Patent
Application No. 12198445 .4; filed 20 Dec. 2012. Each patent
application is incorporated herein by reference as if set forth
in its entirety.

TECHNICAL FIELD

[0002] This patent application relates generally to medi-
cine/medical diagnostics and mathematics, and more particu-
larly, it relates to methods of detecting an analyte concentra-
tion in a body fluid sample, and methods of characterizing a
body fluid sample, as well a computer programs and devices
that incorporate the same.

BACKGROUND

[0003] In the field of medical diagnostics, in many cases,
one or more analytes have to be detected in body fluid samples
such as, for example, 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.
[0004] Inknowndevices and methods such as, for example,
in analytical test systems, a time evolution of a measurement
signal is observed after inserting or positioning the sample in
or on the test system. Usually, such devices and methods use
test elements having one or more test chemistries, which, in
presence of the analyte to be detected, are capable of perform-
ing one or more detectable detection reactions such as, for
example, optically detectable detection reactions.

[0005] von Ketteler etal. discloses that spectroscopic prop-
erties of highly purified cNADH could be determined for the
first time and were compared to those of NADH. See, von
Ketteler et al. (2012) Chemphyschem. 13:1302-1306. Carba-
nicotinamide adenine dinucleotide (cNAD) may serve as a
stable co-factor for an enzyme-based detection of glucose.
When changing from NADH to ¢cNADH, an about 50%
increase in quantum efficiency could be observed, which—
together with a large excitation wavelength and a higher
stability—should make cNAD a well suited alternative as
coenzyme for robust glucose detection.

[0006] EP Patent Application Publication No. 2 006 786
discloses a method and a glucose monitoring system for
monitoring individual metabolic response and for generating
nutritional feedback. The method includes a step of consecu-
tively performing a plurality of measurements of a glucose
level in a qualified subject by a measuring device. In the
measuring device, first data corresponding to a measured
glucose level is generated. This data is further transmitted to
an analysis device. There, second data is generated represent-
ing at least one measure for variability ofa glucose level of the
subject from a time-series of glucose measurement repre-
sented by the first data. Embodiments are explained by pre-
senting phase space diagrams (e.g., by a phase space diagram
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representing the glucose value) as well as the first derivative
of the glucose progressions. Suitable frequencies for taking
measurements are from 4 (i.e., a measurement every 15 min-
utes) to 60 (i.e., a measurement every minute) measurements
an hour.

[0007] A representation of a function with their first deriva-
tive is well known in physics such as, for example, in presen-
tations of space and momentum. See, e.g., Gerthsen et al.,
Physik 16:868-870.

[0008] EP Patent Application Publication No. 2 006 786
discloses visualizing a BG risk index, a measure for an overall
risk of extreme blood glucose over time in the form of a phase
space diagram.

[0009] EP Patent No. 1 702 559 discloses a method and a
system for analyzing glucose metabolism; however, it is not
concerned with actually measuring a glucose concentration
but to a processing of data points. The data points may be
processed by plotting a graphic phase space representation
that may be provided to a physician as diagnostic aid. A
function of the blood glucose concentration and/or at least
one of its derivatives with respect to time may be used as
phase space coordinates. The glucose concentration or a rate
of change of the glucose concentration may be one of the
phase space coordinates. A trajectory in phase space
described by a sequence of data points may be analyzed to
determine a disturbance parameter. The disturbance param-
eter may indicate which state of a disease of glucose metabo-
lism is likely to be manifest. With progress of an illness, a
regulation mechanism for an adjustment of the blood glucose
concentration may be useful.

[0010] U.S. Pat. No. 6,448,067 discloses a method and an
apparatus for determining a chemical component from a
sample, where the sample is measured on a test strip with the
help of a color reaction. The method concerns finding the
measurement time for measuring the reflection of the test
strip. When a function reaches a predetermined value, the
method calls for determining a measuring time, and deter-
mining from a reflection value measured at the measuring
time a content of the chemical component in the sample,
preferably the glucose content of a blood sample.

[0011] US Patent Application Publication No. 2009/
0177406 discloses a slope-based compensation. A biosensor
system determines an analyte concentration from an output
signal generated from a light-identifiable species or a redox
reaction of the analyte. The biosensor system adjusts a cor-
relation for determining analyte concentrations from output
signals with one or more index functions extracted from the
output signals. The index functions determine at least one
slope deviation value or normalized slope deviation from one
or more error parameters. The slope-adjusted correlation
between analyte concentrations and output signals may be
used to determine analyte concentrations having improved
accuracy and/or precision from output signals including com-
ponents attributable to bias.

[0012] One or more slope deviation values may be deter-
mined that are responsive to one or more errors. Slope devia-
tion values may be determined for temperature, hematocrit,
and other contributors. In one example, the analyte generates
output signals in response to a pulse sequence of a gated
amperometry electrochemical analysis. A ratio parameter
may represent a relationship between current generated by
the analyte in response to two pulses of a gated amperometry
pulse sequence. A %-bias of a measured analyte concentra-
tion in a biological fluid may be determined from or corre-
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lated with the output signals of the analysis, such as the
intermediate currents generated by the analyte in response to
a gated amperometry sequence. Output signals may be cur-
rents or potentials generated from the sample that are respon-
sive to the input signal. Signals that are near or partially linear
may be used. The %-bias in the correlation of analyte con-
centrations with output signals may be represented by one or
more slope deviations obtained from one or more error
parameters. Index functions may compensate the measured
analyte concentration for one or more errors in the analyte
concentration analysis. One or more index functions may be
used. Index functions may be experimentally determined as
regression equation. The compensation or correction of the
analyte concentration value may be started with the error
parameter accounting for the largest error in the output signal.
[0013] After compensating for the largest effect, any error
remaining may be compensated or corrected with additional
error parameters independent of the parameter responsive to
the largest error. Successive corrected analyte concentration
values may be determined using additional index functions,
the bias in the determined concentration values may decrease
until the bias level approaches the random noise level of the
analysis.

[0014] Int’] Patent Application Publication No. WO 2006/
138226 discloses an arrangement and an algorithm for calcu-
lating the concentration of an analyte contained in a sample.
Therein, a color change rate of'a test chemical is detected, and
ahematocrit is derived from the color change rate. An appro-
priate correction factor indicative of hematocrit is used for
correcting a glucose concentration.

[0015] A known test element may be the one used with the
Accu-Chek® Active system by Roche Diagnostics Deut-
schland GmbH.

[0016] U.S. Pat. No. 5,420,042 discloses a method of ana-
Iytically determining the concentration of a component of a
medical sample, in which a reaction of the sample with
reagents leads to a time-dependent change in a measured
quantity. Therein, the concentration correlates according to
an evaluation curve with an input variable derived from a
time-dependent change, where the calibration curve is
ambiguous for at least a portion of the possible values of the
input variable. To obtain an unambiguous correlation to a
particular concentration, a training run and an analysis run are
separately performed.

[0017] Int’l Patent Application Publication No. WO 2011/
131490 discloses a method of determining an analyte activity
or concentration in a sample, particularly an automated algo-
rithm for the quality control of reactions. Therein, plotting the
fluorescence intensity of a reporter dye divided by the fluo-
rescence intensity of a passive reference dye against the cycle
number leads to a so-called sigmoid function, which is char-
acterized by a background phase, an exponential growth
phase and a plateau phase. Since the fluorescence intensity as
a function of cycles relates to the initial number of template
molecules in the sample, the curves can be used to quantify
the amount of fragments in the sample by determination of a
specific value.

[0018] US Patent Application Publication No. 2008/
0070234 discloses a method of quantitatively determining an
analyte in a sample. Therein, at least two calibration graphs
are provided, where the calibration graphs have been gener-
ated by reacting in each case the same analyte-specific sub-
stance with different amounts of in each case the same test
analyte for in each case a predetermined reaction time.
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[0019] Int’] Patent Application No. WO 2012/084194 dis-
closes a method of determining an analyte concentration,
wherein a first electrical potential excitation pulse to a body
fluid sample in an analyte sensor is applied, and wherein a
first current response of the body fluid sample to the first pulse
is recorded. Thereafter, a second excitation pulse is applied to
the body fluid sample in the analyte sensor, and a second
current response of the body fluid sample to the second pulse
is recorded. An analyte level in the body fluid sample is
determined by compensating for sources of error based on the
first current response to the first pulse.

[0020] US Patent Application Publication No. 2007/
0235346 A1 discloses a method and a device for determining
an analyte concentration in a physiological sample. For this
purpose, an electrochemical signal based on a reaction taking
place inside an electrochemical cell is recorded, from which
a preliminary analyte concentration is derived. The prelimi-
nary concentration is then multiplied by a hematocrit correc-
tion factor to obtain the constituent concentration in the
sample, where the hematocrit correction factor is a function
of the electrochemical signal.

[0021] A measurement of glucose may be influenced by
different hematocrit values. In known methods and devices, a
point of time development of a remission signal, e.g. a kinetic
curve, may be determined wherein at this point the gradient of
the kinetic curve after wetting may decrease under a prede-
termined value (e.g., 2%/s). This criterion also is known as
final value criterion or end value criterion. A remission value
at this point in time, an end value, may be used in relationship
to a value (e.g., a remission value) before the wetting (e.g., a
blank value). A ratio between these two values such as, for
example, a relative remission, may be used in combination
with a calibration curve such as, for example, a code curve,
for determining a glucose value (e.g., a glucose concentra-
tion.

[0022] These kinds of methods are disclosed in Int’1 Patent
Application Publication No. WO 2008/135128. In particular,
this document describes an analysis device with a test carrier
for a photometric determination of an analyte in a body fluid.
A control value of a control parameter is detected at one
detection point during a processing after a calculation step, an
error in the measurement and evaluation unit is recognized if
the deviation of the control value from the expected value
exceeds a predefined threshold value.

[0023] Insuchknown methods and devices used in connec-
tion with analytical test systems, a propagation in time of a
measuring signal, which may be observed after an intake or a
sample application usually does not necessarily only have a
dependency on the observed analyte, in particular on a pres-
ence and/or on a concentration of the analyte (e.g., it can be
experimentally observed that in the context of a ctNAD-de-
veloping, one-way test strips for detecting a glucose concen-
tration in blood, a time propagation of a remission may also be
dependent on a temperature such as on a temperature being
present during a measurement, and probably also on an air
humidity during the measurement and/or on a concentration
ot hematocrit of the sample). For example, the end value of a
remission measurement may depend on the temperature.
According to prior art, the end value of a remission measure-
ment may be used to derive a glucose concentration by using
a calibration curve. For example, a temperature dependency
for a glucose concentration of 250 mg/dl. may be more than
2% per Kelvin.
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[0024] The measurement signal also may be dependent on
different other state variables such as, for example, on a
storage time of a reagent kit, on a storage time of the test strip,
on a “history” of the test strip, and/or on the current state of
the test strip. An example may be a change of a dry test
chemical caused by or after one or more re-moisturizations.
Properties of the measurement signal and/or another signal
may be influenced by substances such as acetylsalicylic acid
and/or citric acid, which may disturb the signal and/or the
measurement signal. Alternatively or additionally, similar
analytes may change the signal and/or the measurement sig-
nal in a noticeable way, where the similar analytes may be
maltose and/or xylose. This may cause interferences and/or
errors.

[0025] A main disadvantage of methods known from prior
art may be, that the end value may not only be dependent on
the glucose concentration but also on at least one more state
variable as discussed above. There may be a deviation of a
glucose value determined by using the end value criterion
from a desired value for different concentrations of hemat-
ocrit. A prediction of a glucose concentration according to
known methods may include deviations being dependent on
hematocrit.

[0026] For the foregoing reasons, there is a need for meth-
ods and devices that at least partially avoid the disadvantages
and shortcoming of many known systems and methods. Spe-
cifically, it is an object of the present disclosure to provide
methods and devices that enable analyte detecting in a body
fluid sample, where the analyte detection of the analyte may
be less influenced by state variables such as, for example, at
least one temperature and/or at least one air humidity and/or
a hematocrit concentration and/or a history of a test element.

BRIEF SUMMARY

[0027] An inventive concept described herein includes cor-
recting or compensating for effects of state variables on ana-
lyte concentrations obtained from electrochemical and/or
optical testing. This inventive concept is achieved by provid-
ing a set of at least two different evaluation rules adapted to
derive a characteristic value from, for example, an optical
measurement curve, and then performing at least one multi-
variate analysis of the characteristic values, which are used to
derive an estimate value for at least one target variable Y of the
state variables and then determining the analyte concentra-
tion by using at least one target variable Y. This inventive
concept can be incorporated into exemplary methods, com-
puter programs and devices as described herein and in more
detail below.

[0028] For example, methods are provided for detecting or
determine an analyte concentration in a body fluid sample
that can account/correct/compensate for at least one state
variable. Briefly, the methods can include the following steps:
[0029] Step a): providing at least one optical measurement
curve, where the optical measurement curve contains a plu-
rality of measurement values recorded by monitoring a time
development of at least one measurement value indicating a
progress of a detection reaction between at least one test
substance and the body fluid sample. Here, the measurement
values contained in the optical measurement curve can be
acquired at differing points in time. In addition, the detection
reaction is known to be influenced by a set of state variables.
Moreover, each state variable characterizes at least one of a
state of the body fluid sample and a condition of the detection
reaction;
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[0030] Step b): providing a set of at least two different
evaluation rules, each evaluation rule being adapted to derive
a characteristic value from the optical measurement curve,
thereby deriving a set of characteristic values X={X},_,
from the optical measurement curve. Here, the set of charac-
teristic values includes at least one first characteristic value
being derived from the optical measurement curve by using at
least one first evaluation rule from the set of evaluation rules
and at least one second characteristic value being derived
from the optical measurement curve by using at least one
second evaluation rule from the set of evaluation rules. In
addition, the second evaluation rule is different from the first
evaluation rule.

[0031] Step c): performing at least one multivariate analy-
sis of the at least one first characteristic value and the at least
one second characteristic value by using at least one prede-
termined multivariate evaluation algorithm. The multivariate
evaluation algorithm is an algorithm adapted to derive at least
one result from at least two variables. Here, the at least one
first characteristic value and the at least one second charac-
teristic value are used as the at least two variables, thereby
deriving at least one estimate value for at least one target
variable Y of the state variables.

[0032] Step d): determining at least one analyte concentra-
tion by using the at least one target variable Y.

[0033] In the methods, at least one of the steps, may be
performed by using at least one computer.

[0034] In the methods, the state variables can be a compo-
sition of the body fluid sample such as a content of at least one
component of the body fluid sample including at least one
analyte concentration; a content of at least one particulate
component of the body fluid sample such as a hematocrit; a
temperature of the body fluid sample; a humidity of an ambi-
ent atmosphere surrounding the body fluid sample; a storage
time of the test substance; a storage time of a test element
incorporating the test substance; an interfering substance
such as ascorbate; or even alterations of the sample or of
certain properties of the sample caused by pharmacological
treatment of a donor of the sample. In some instances, the
particular component is a hematocrit.

[0035] The composition of the body fluid sample may
include different contents of at least one component. The
composition of the body fluid sample may include variations
of the sample from an average composition of a sample. The
composition of the sample may even include variations of
concentrations of blood components (e.g., a hematocrit value
being higher or lower as in average blood samples).

[0036] Likewise, the set of characteristic values may con-
tain about 2-20 characteristic values or even about 3-10 char-
acteristic values. Alternatively, even more characteristic val-
ues may be possible. It may be advantageous to minimize the
number of characteristic values for saving storage space and/
or for simplifying the calculation and/or for saving calcula-
tion time.

[0037] Moreover, the target variable Y may include the at
least one analyte concentration in a body fluid sample. In
some instances, the target variable Y may include the glucose
concentration and/or the hematocrit concentration.

[0038] Also provided are methods of characterizing a body
fluid sample. Briefly, the methods can include the following
steps:

[0039] Step A): bringing the body fluid sample into contact
with at least one test substance, thereby initiating a detection
reaction of the test substance and the body fluid sample,
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wherein the detection reaction is known to be influenced by a
set of state variables, each state variable characterizing at
least one of a state of the body fluid sample and a condition of
the detection reaction.

[0040] Step B): monitoring a time development of at least
one measurement value indicating a progress of the detection
reaction, thereby recording an optical measurement curve
containing a plurality of the measurement values acquired at
differing points in time.

[0041] Step C): evaluating the optical measurement curve
by using the methods disclosed above.

[0042] In view of the foregoing, computer programs are
provided that can include computer-executable instructions
for performing the method above when the program is
executed on a computer or computer network.

[0043] Likewise, devices, such as sample analysis devices
for characterizing a body fluid sample, are provided that can
include at least one measuring unit for measuring a detection
reaction of at least one test substance and at least one body
fluid sample, where the detection reaction influenced by a set
of state variables as described herein. In some instances, the
measuring unit is adapted for monitoring a time development
of atleast one measurement value indicating a progress of the
detection reaction, thereby recording an optical measurement
curve containing a plurality of the measurement values
acquired at different points in time.

[0044] The devices also can include at least one evaluation
device for evaluating an optical measurement curve and for
analyzing the at least one body fluid sample. The at least one
evaluation device including at least one evaluation unit
adapted to perform the methods disclosed herein.

[0045] In some instances, the devices also include at least
one test element having at least one test substance adapted to
perform the detection reaction.

[0046] These and other advantages, effects, features and
objects of the inventive concept will become better under-
stood from the description that follows. In the description,
reference is made to the accompanying drawings, which form
a part hereof and in which there is shown by way of illustra-
tion, not limitation, embodiments of the inventive concept.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] The advantages, effects, features and objects other
than those set forth above will become more readily apparent
when consideration is given to the detailed description below.
Such detailed description makes reference to the following
drawings, wherein:

[0048] FIG. 1 shows a schematic view of an exemplary
sample analysis device.

[0049] FIGS. 2A-2D show diagrams of an exemplary
method of detecting an analyte in a body fluid sample.

[0050] FIG. 3 shows correlations between a remission and
a glucose concentration and correlations between derivatives
of the remission and the glucose concentration of another
exemplary method.

[0051] FIG. 4 shows correlations between a fluorescence
and a glucose concentration, as well as shows correlations
between derivatives of the fluorescence and the glucose con-
centration of another exemplary method.

[0052] FIG. 5 shows a diagram presenting advantages of
the exemplary methods.
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[0053] FIGS. 6A-6B show phase plots of a first order
derivative of a remission with respect to a time over a remis-
sion for another exemplary method for two different tempera-
tures.

[0054] FIG. 7 shows a diagram of a further exemplary
method of detecting an analyte in a body fluid sample.
[0055] FIG. 8 shows a scheme of a further exemplary
method of detecting an analyte in a body fluid sample involv-
ing a first decision tree.

[0056] FIG. 9 shows a scheme of a further exemplary
method of detecting an analyte in a body fluid sample involv-
ing a second decision tree.

[0057] FIG. 10 shows a scheme of a further exemplary
method of detecting an analyte in a body fluid sample involv-
ing a third decision tree.

[0058] Corresponding reference characters indicate corre-
sponding parts throughout the several views of the drawings.
[0059] While the inventive concept is susceptible to various
modifications and alternative forms, exemplary embodiments
thereof are shown by way of example in the drawings and are
herein described in detail. It should be understood, however,
that the description of exemplary embodiments that follows is
not intended to limit the inventive concept to the particular
forms disclosed, but on the contrary, the intention is to cover
all advantages, effects, features and objects falling within the
spirit and scope thereof as defined by the embodiments
described herein and the claims below. Reference should
therefore be made to the embodiments described herein and
claims below for interpreting the scope of the inventive con-
cept. As such, it should be noted that the embodiments
described herein may have advantages, effects, features and
objects useful in solving other problems.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0060] The methods, computer programs and devices now
will be described more fully hereinafter with reference to the
accompanying drawings, in which some, but not all embodi-
ments of the inventive concept are shown. Indeed, the meth-
ods, computer programs and devices may be embodied in
many different forms and should not be construed as limited
to the embodiments set forth herein; rather, these embodi-
ments are provided so that this disclosure will satisfy appli-
cable legal requirements.

[0061] Likewise, many modifications and other embodi-
ments of the methods, computer programs and devices
described herein will come to mind to one of skill in the art to
which the disclosure pertains having the benefit of the teach-
ings presented in the foregoing descriptions and the associ-
ated drawings. Therefore, it is to be understood that the meth-
ods, computer programs and devices are not to be limited to
the specific embodiments disclosed and that modifications
and other embodiments are intended to be included within the
scope of the appended claims. Although specific terms are
employed herein, they are used in a generic and descriptive
sense only and not for purposes of limitation.

[0062] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of skill in the art to which the disclosure
pertains. Although any methods and materials similar to or
equivalent to those described herein can be used in the prac-
tice or testing of the methods, computer programs and
devices, the preferred methods and materials are described
herein. Moreover, reference to an element by the indefinite
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article “a” or “an” does not exclude the possibility that more
than one element is present, unless the context clearly
requires that there be one and only one element. The indefinite
article “a” or “an” thus usually means “at least one.” Like-
wise, the terms “have,” “comprise” or “include” or any arbi-
trary grammatical variations thereof are used in a non-exclu-
sive 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 fea-
tures are present. For example, the expressions “A has B,” “A
comprises B” and “A includes B” may refer both 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) orto
a situation in which, besides B, one or more further elements
are presentin A, such as element C, elements C and D, or even
further elements.

[0063]

[0064] State variables can significantly influence an analyte
concentration result during body fluid sample analysis. State
variables may be a variable characterizing at least one of a
state of the body fluid sample, of the test substance, of a test
strip, and/or a condition of the detection reaction. Examples
for a state variable may be the analyte concentration in a body
fluid sample (e.g., a concentration of glucose); a content of at
least one component of the body fluid sample (e.g., a content
of'a particulate component such as hematocrit); a temperature
of the body fluid sample; a humidity of an ambient atmo-
sphere surrounding the body fluid sample; a storage time of
the test substance; a storage time of the test element; an
illumination of an environment of the detection reaction and/
or of the test element; a volume of the body fluid sample.
Thus, the state of the body fluid sample may be a temperature
of the body fluid sample and/or a humidity of the body fluid
sample, a volume of the body fluid sample, an age of the body
fluid sample, a storage time of the body fluid sample, and/or
a purity of the body fluid sample. In this manner, a condition
of the detection reaction may include a state of an environ-
ment of the test chemistry and/or a property of the detection
reaction. The condition of the detection reaction may include
atemperature during the detection reaction and/or a tempera-
ture change during the detection reaction and/or a humidity
during the detection reaction and/or a presence of a catalyst
during the detection reaction.

[0065] The methods, computer programs, and devices dis-
closed herein may provide a large number of advantages over
known methods, computer programs and devices. In particu-
lar a detection of an analyte in a body fluid sample may be
performed more accurately, especially with smaller errors
and even with less influence by different state variables when
compared to known methods, computer programs and
devices. For example, the inventive concept may be used to
distinguish between influences on a measurement curve,
especially on an optical measurement curve, caused by dif-
ferent state variables. In particular, the use of the multivariate
analysis may significantly reduce deviations of measured
concentrations of glucose caused by high, fluctuations of
hematocrit concentration and/or temperature changes.

[0066] The methods, computer programs and/or devices
may enable at least a suppression of influences caused by at
least one state variable when detecting an analyte in body
fluid sample, especially without accepting influences of other
state variables. In particular, an influence of the hematocrit
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concentration when detecting a glucose concentration may be
suppressed without accepting an influence of the tempera-
ture.

[0067] Likewise, the multivariate analysis may enable an
isolation of different influencing parameters (e.g., different
state variables) when detecting an analyte in a body fluid
sample, especially when determining a glucose concentra-
tion.

[0068] Moreover, the multivariate analysis may enable a
parallel instead of a sequential analysis of the body fluid
sample. As disclosed herein, a calculation of a glucose con-
centration and a correction of this concentration (e.g., a cor-
rection from influences by a hematocrit concentration) may
be executed in one, or in one not separable, step. For example,
a global minimum of the deviations between a prediction and
a reference value of the analyte concentration (e.g., in forms
of chi-squared), which itself is influenced by the glucose
concentration and/or by the hematocrit concentration may be
searched in one single step by using, for example, PLS. Here,
only one single value for the analyte concentration may be
involved. The analyte concentration therefore may be deter-
mined in an iterative multidimensional way, where the
respective multidimensional space may be spanned by the
characteristic values, especially by a first characteristic value
and by a second characteristic value. The characteristic values
may be determined by using a remission measurement.
Advantageously, a correction from a hematocrit concentra-
tion may not depend on the glucose concentration.

[0069] Methods

[0070] The methods can include the steps described herein,
and these steps may be, but not necessarily, carried out in the
sequence as described. Other sequences, however, also are
conceivable. Furthermore, individual or multiple steps may
be carried out either in parallel and/or overlapping in time
and/or individually or in multiply repeated steps. Moreover,
the methods may include additional, unspecified steps. Like-
wise, one of the steps or a plurality of the steps or even all of
the steps may be performed by using a data processing device
such as a computer, preferably a microcomputer and/or an
application-specific integrated circuit (ASIC).

[0071] Methods incorporating the inventive concept firstly
can include methods of detecting or determining an analyte
concentration/presence in a body fluid sample that account
for at least one state variable.

[0072] As used herein, “detecting” means a process of gen-
erating information on the presence of the analyte in the body
fluid sample. The information preferably may be quantitative
information (i.e. information on an analyte concentration).
Therein, the concentration generally may be given in arbi-
trary units, referring to an amount of the analyte per amount
of the body fluid sample (e.g., in absolute units and/or as a
percentage). The amount of the analyte may be given in mass
units and/or mol and/or volume units. Typical examples of
units of concentrations may be: mg/dl (milligrams per deci-
liters) and/or mg/kg (milligrams per kilograms) and/or % by
weight and/or vol.-%. Other units may be possible. “Deter-
mining” is used in a similar manner.

[0073] Briefly, the methods caninclude the following steps:
[0074] Step a): providing at least one optical measurement
curve, where the optical measurement curve contains a plu-
rality of measurement values recorded by monitoring a time
development of at least one measurement value indicating a
progress of a detection reaction between at least one test
substance and the body fluid sample. Here, the measurement
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values contained in the optical measurement curve can be
acquired at differing points in time. In addition, the detection
reaction is known to be influenced by a set of state variables.
Moreover, each state variable characterizes at least one of a
state of the body fluid sample and a condition of the detection
reaction.

[0075] As used herein, “monitoring a time development”
means a process of acquiring a plurality of measurement
values at different measurement times. During monitoring, a
time development, the measurement curve, especially at least
the optical measurement curve, may be generated. The moni-
toring of the time development may solely include acquiring
the measurement values, without acquiring the additional
information of the measurement times of the respective mea-
surement values. Thus, for example, this option may be fea-
sible when using a constant acquisition frequency. Alterna-
tively or additionally, the monitoring of the time development
may include acquiring the respective measurement times,
thereby generating the measurement curve, especially the
optical measurement curve, including data pairs (R,, t,) and/or
(s R(t)-

[0076] As used herein, “detection reaction” means an arbi-
trary type of chemical reaction of at least one test substance
and a body fluid sample having or suspected of having the at
least one analyte of interest. For example, reference may be
made to the test substances disclosed in the prior art docu-
ments cited above. Additionally or alternatively, other types
of'test substances may be used. The detection reaction may be
adapted to generate a measurement value and/or to generate a
change in time of the measurement values and/or to generate
analysis information. In some instances, the detection reac-
tion may be a chemical reaction between at least one compo-
nent of the test substance that may be adapted to indicate a
presence and/or a concentration of the at least one analyte in
the body fluid. Thus, generally, the test substance may be a
chemical compound and/or a chemical mixture adapted to
react with the at least one analyte to be detected, especially in
a highly analyte-specific fashion. The detection reaction may
be embodied such that a test substance may react with the at
least one analyte to be detected and, thereby, may fully or in
part change by itself (e.g., may transform into another chemi-
cal species and/or may transform its surrounding in a detect-
able way), which may be measured, thereby deriving the
plurality of measurement values and the measurement curve,
especially the optical measurement curve. The progress of the
detection reaction may be indicated by at least one physical
measurement value and/or a change in at least one physical
measurement value, which may be used as the measurement
value. In some instances, the detection reaction may be an
optically detectable detection reaction, which may be opti-
cally observable, such as by using a reflection measurement
and/or a transmission measurement. Other types of optical
measurements may be feasible.

[0077] As used herein, “test substance” means a chemical
compound or substance or a mixture of two or more chemical
compounds or substances adapted for performing the detec-
tion reaction, especially an analyte-specific detection reac-
tion, most preferably an optically observable detection reac-
tion. In some instances, the test substance may include one or
more enzymes adapted to react with the at least one analyte to
be detected. Additionally, the test substance may include one
or more auxiliary components such as, for example, media-
tors and/or co-enzymes. For test substances that also be used
herein, reference may be made to the test substances known
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from prior art, such as the ctNAD test substances. Moreover,
the test substance may include one or more test chemicals.
[0078] As a first example of a test chemical that may be
used herein, reference is made to the so-called “PQQ chem-
istry,” which is disclosed in EP Patent Application Publica-
tion No. 0 354 441. Such as test chemical may contain a
PQQ-dependent dehydrogenase and a direct electron accep-
tor that may be an aromatic nitroso compound or an oxim.
Further, one or more indicators may be present, such as one or
more dyes such as, for example, heteropoly blue indicator (as
disclosed in EP Patent Application Publication No. 0 431 456.
[0079] As asecond example of a test substance that may be
used herein, reference is made to the so-called “cNAD chem-
istry,” as disclosed in Int’1 Patent Application Nos. WO 2007/
012494, WO 2009/103540, WO 2011/012269, WO 2011/
012270 and WO 2011/012271. For example, Int’l Patent
Application Publication No. WO 2007/012494 discloses
cNAD derivatives; Int’l Patent Application Publication No.
WO 2009/103540 discloses stabilized enzyme/coenzyme
complexes; and Int’] Patent Application Publication Nos. WO
2011/012269, WO 2011/012270 and WO 2011/012271 dis-
close the synthesis of cNAD and cNAD/derivatives as well as
intermediates/precursors.

[0080] Additionally or alternatively, other types oftest sub-
stances may be used.

[0081] Asusedherein, “differing points in time” means that
at least two of the measurement values may be recorded at
different points in time. The optical measurement curve may
include discrete measurement values for different points in
time. Alternatively, the optical measurement curve may be
continuous in time. The optical measurement curve may be
generated by extrapolation of discrete measurement values by
using at least one theoretical model and/or by using at least
one fitting method.

[0082] The monitoring of the time development of the at
least one measurement value indicating the progress of the
detection reaction may be adapted to be an impact-free moni-
toring of the detection reaction without influencing the detec-
tion reaction. As used herein, “impact-free monitoring”
means a detection reaction without changes of properties of
an environment of the detection reaction. The detection reac-
tion may be observed without changes of temperature and/or
changes of humidity and/or changes of at least one of the state
variables.

[0083] The optical measurement curve may be an amount
of data characterizing a time development of a detection
reaction. The optical measurement curve may contain a plu-
rality of measurement values recorded at differing points in
time. The optical measurement curve optionally or addition-
ally may contain the respective measurement times of the
measurement values, such as by containing data pairs (R, t;)
and/or (t;, R,(1,)). The optical measurement curve may be a
measurement curve including measurement values represent-
ing an optical physical quantity. The optical measurement
curve may include a plurality of measurement values selected
from: remission values; relative remission values; transmis-
sion values; absorption values; fluorescence values; intensity
values; frequency values; spectroscopic values; spectral val-
ues; coherence values; decoherence values; photon numbers.
[0084] The measurement value may be a quantifiable mea-
surement result R;, recorded by at least one arbitrary mea-
surement method based on at least one of a physical and/or
chemical and/or biological measurement principle, espe-
cially an optical measurement principle such as a reflection
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measurement, a fluorescence measurement, or any other type
of optical measurement. The measurement method may be
selected from: light detection (e.g., by at least one photodiode
and/or by at least one CCD camera); spatial light detection
(e.g., by at least one CCD camera); light frequency measure-
ments (e.g., by spectroscopy and/or by a light beating method,
especially combined with a Fourier analysis); comparisons of
a color of at least a part of a test element with at least one
reference color bar; measurements of an intensity with an
optical power meter; measuring a frequency by using a
wavemeter; or analysis of camera images.

[0085] In general, the body fluid may be selected from:
blood, interstitial fluid, urine, plasma, serum and saliva. Other
body fluids may be possible. Additionally, the body fluid may
be prepared by adding at least one additional component.
Furthermore, the body fluid may be prepared by heating or
cooling or shaking.

[0086] Step b): providing a set of at least two different
evaluation rules, each evaluation rule being adapted to derive
a characteristic value from the optical measurement curve,
thereby deriving a set of characteristic values X={X,},_,
from the optical measurement curve. Here, the set of charac-
teristic values includes at least one first characteristic value
being derived from the optical measurement curve by using at
least one first evaluation rule from the set of evaluation rules
and at least one second characteristic value being derived
from the optical measurement curve by using at least one
second evaluation rule from the set of evaluation rules. In
addition, the second evaluation rule is different from the first
evaluation rule.

[0087] As used herein, “different evaluation rules” means
that an algorithm of the first evaluation rule may differ from
the algorithm of the at least one second evaluation rule in at
least one coefficient and/or in at least one parameter and/or in
at least one other component defining the algorithm. “Difter-
ent evaluation rules” may include that the algorithm of the
first evaluation rule may differ from the algorithm of the
second evaluation rule only in a point in time (e.g., in the
parameter t). Thus, two evaluation rules may differ from each
other just by the difference of the time parameter t. Alterna-
tively, the two evaluation rules may differ from each other by
applying two different components related to the algorithm,
such as two different thresholds or two different change rates
below a predetermined threshold.

[0088] An evaluation rule may be a rule for directly or
indirectly deriving at least one characteristic value from the
measurement curve, especially from the optical measurement
curve. According to the methods, at least two (2) different
evaluation rules are used, which are applied to one and the
same optical measurement curve and/or one and the same
measurement curve to derive the at least two characteristic
values from the optical measurement curve and/or from the
measurement curve, especially from one and the same optical
measurement curve. The evaluation rule generally may be an
arbitrary mathematical algorithm or may be an arbitrary com-
bination of algorithms for deriving one or more numeric
values from the optical measurement curve and/or from the
measurement curve (e.g., from at least one part of the mea-
surement curve or of the optical measurement curve such as
from one time interval of the measurement curve or of the
optical measurement curve or from at least one curve, curve
part or data derived from the optical measurement curve
and/or from the measurement curve).
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[0089] At least one of the evaluation rules may be and/or
may include the end value criterion as described above. Alter-
natively, the evaluation rule may be different from the end
value criterion. For example, the first evaluation rule and/or
the second evaluation rule may not comprise an end value
criterion.

[0090] In any event, the first evaluation rule may not be
transformed into the second evaluation rule by a time trans-
formation. In some instances, the first evaluation rule may not
be transformable into the second evaluation rule by a time
transformation, especially not by a linear time transforma-
tion. The time transformation may include a change of a point
intime. The first evaluation rule may not just be different from
the second evaluation rule by application of identical algo-
rithms for different times t. The first evaluation rule and the
second evaluation rule may have different algorithmic com-
ponents or may include different parameters, where the
parameter is not the time t or a point in time.

[0091] The characteristic value may be a specific numeric
value derived from the optical measurement curve and/or
from the measurement curve by using at least one evaluation
rule, preferably by using one evaluation rule. The character-
istic value therefore may be a correlation coefficient and/or a
concentration. Likewise, the set of characteristic values may
contain about 2-20 characteristic values or even about 3-10
characteristic values. Alternatively, even more characteristic
values may be possible. It may be advantageous to minimize
the number of characteristic values for saving storage space
and/or for simplifying the calculation and/or for saving cal-
culation time.

[0092] As used herein, “about” means within a statistically
meaningful range of a value or values such as, for example, a
stated concentration, length, width, height, angle, weight,
molecular weight, pH, sequence identity, time frame, tem-
perature, value or volume. Such a value or range can be within
an order of magnitude, typically within 20%, more typically
within 10%, and even more typically within 5% of a given
value or range. The allowable variation encompassed by
“about” will depend upon the particular system under study,
and can be readily appreciated by one of skill in the art.

[0093] N may be a natural number, especially an arbitrary
natural number. The second evaluation rule may differ from
the first evaluation rule just by a point in time. Additionally or
alternatively, the second evaluation rule may differ from the
first evaluation rule by at least one parameter being different
from the point in time and/or by at least one different algo-
rithm. As a particular example, N may be selected as 3, such
that a third evaluation rule may be provided, where the third
evaluation rule may be different from both, the first evaluation
rule and the second evaluation rule. Hereby, it is contem-
plated that the algorithm of the first evaluation rule may differ
from the algorithm of the second evaluation rule only in a
point in time such as, for example, in the parameter t. Alter-
natively, the two evaluation rules may differ from each other
by any other feature as described above or below. Within this
particular embodiment, the at least one first characteristic
value may be derived from the first evaluation rule according
to step ¢). However, during step c), and as explained in further
detail below, depending on the at least one first characteristic
value, such as its absolute value, its relative value, and/or a
predetermined range wherein the at least one first character-
istic value may be found inside or outside, either the second
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evaluation rule or the third evaluation rule may be used in a
further calculation employing the multivariate evaluation
algorithm.

[0094] In some instances, the at least two evaluation rules
may be adapted to derive the characteristic values from at
least two derivatives of the optical measurement curve. A
derivative may be a derivative of arbitrary order. The deriva-
tive may be a 0-th order derivative. Likewise, at least one of
the derivatives may be a higher order derivative, thus, a first
derivative, a second derivative or a higher order derivative.
For example, the first evaluation rule may be used for gener-
ating the first characteristic value out of a n-th derivative of
the optical measurement curve or of the measurement curve.
nmay be higher or equal to zero, preferably higher or equal to
one. The second evaluation rule preferably may be used to
generate the second characteristic value out of a m-th deriva-
tive of the optical measurement curve or of the measurement
curve. m may be higher or equal to zero, preferably higher or
equal to one. In some instances, n may be different from m.
The 0-th order derivative may be the identity of the optical
measurement curve or of the measurement curve. The first
derivative of the optical measurement curve or of the mea-
surement curve may be the slope of the optical measurement
curve or the slope of the measurement curve.

[0095] The at least two derivatives may be derivatives
including at least two derivatives of different order. For
example, the first evaluation rule may be a first derivative of
the optical measurement curve and the second evaluation rule
may be a second derivative of the optical measurement curve.
[0096] Insome instances, the derivatives may be generated
by using at least one filtering algorithm such as a Savitzky-
Golay filtering algorithm. The filter algorithm may be a
numerical filtering algorithm. The filtering algorithm may be
an algorithm being able to derive and/or generate at least one
of'the derivatives. Other types of algorithms may be possible.
[0097] The first characteristic value therefore may be deter-
mined by using a first time interval of the optical measure-
ment curve. The second characteristic value may be deter-
mined by using a second time interval of the optical
measurement curve. The first time interval of the optical
measurement curve may be different from the second time
interval of the optical measurement curve. Alternatively, the
first characteristic value may be determined by using a first
time interval of a measurement curve, where the second char-
acteristic value may be determined by using a second time
interval of the measurement curve, where the first time inter-
val of the measurement curve may be different from the
second time interval of the measurement curve. The first time
interval may overlap with the second time interval. Alterna-
tively, the first time interval may be completely separated
from the second time interval. A time interval (e.g., the first
time interval and/or the second time interval) may be an
interval in time that includes at least two measurement values.
[0098] Instep b), the evaluation rules may be adapted such
that the characteristic values may be linearly independent,
thereby generating unique solutions for the numeric values of
the coefficients. Alternatively, the evaluation rules may be
adapted such that the characteristic values may be not linearly
independent.

[0099] At least one of the two different evaluation rules
may be selected from:

[0100] a.using a specific measurement value of the optical
measurement curve or a derivative of the optical measure-
ment curve at a predetermined point in time as the character-
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istic value, especially using one or more specific criteria,
particularly using one or more specific conditions, which may
include at least one end value criterion such as a change rate
below a predetermined threshold value;

[0101] b. using a mean value of the optical measurement
curve or a derivative of the optical measurement curve over a
predetermined period of time as characteristic value;

[0102] c. using a characteristic point in time of the optical
measurement curve or of a derivative of the optical measure-
ment curve as the characteristic value, especially a character-
istic point in time at which one or more of the following occur:
(1) a maximum of the optical measurement curve or of a
derivative of the optical measurement curve; (ii) a minimum
of the optical measurement curve or of a derivative of the
optical measurement curve; or (iii) an inflection point of the
optical measurement curve or of a derivative of the optical
measurement curve;

[0103] d. using a characteristic parameter of the optical
measurement curve or of a derivative of the optical measure-
ment curve as the characteristic value, especially a character-
istic parameter at one of: (i) a maximum of the optical mea-
surement curve or of a derivative of the optical measurement
curve; (ii) a minimum of the optical measurement curve or of
a derivative of the optical measurement curve; or (iii) an
inflection point of the optical measurement curve or of a
derivative of the optical measurement curve;

[0104] e. using a fit parameter derived by at least one fitting
process as the characteristic value, where the fitting process
may imply a fitting of at least one predetermined fit curve to
at least a section of the optical measurement curve or of a
derivative of the optical measurement curve; and

[0105] . using at least one value derived from a phase plot
of at least two derivatives of different order of the optical
measurement curve as the characteristic value, where the
phase plot may include at least one phase space curve, and
where the value derived from the phase plot may be selected
from: (i) a position of a center of the phase space curve; (ii) a
length of the phase space curve; (iii) a phase space volume;
(iv) a phase space area; (v) a point with a maximal distance to
the center of the phase space curve; or (vi) a mean squared
distance from the origin of the phase space.

[0106] The specific measurement value may be a measure-
ment value correlating or anti-correlating with at least one of
the target variables. For example, the specific measurement
value may be a measurement value correlating or anti-corre-
lating with at least one of the state variables. The pre-deter-
mined point in time may be a fixed point in time or a point in
time which may be deter-mined by using one or more specific
criteria, such as by using one or more specific conditions. The
specific criteria or the specific conditions may comprise at
least one change rate below a predetermined threshold value
(e.g., an end value criterion, such as <2%/s or =1%/s).

[0107] The mean value of the optical measurement curve
may be a mean value of the whole optical measurement curve
or a mean value of a part of the optical measurement curve.
The mean value may be an arithmetic mean or a geometric
mean or a harmonic mean or another mean or average. The
derivative may be a derivative as defined above. The mean
value may be a mean value over a predetermined period of
time. The predetermined period of time may comprise at least
two measurement values. The predetermined period of time
may comprise at least two measurement values lying next to
each other.
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[0108] The characteristic point in time may be a fixed point
in time or a point in time which may be determined by using
one or more specific criteria, such as by using the end value
criterion. The fitting process may be an arbitrary fitting pro-
cess such as, for example, a polynomial and/or a linear fitting
process and/or an exponential fitting process.

[0109] The position of a center of the phase space curve
may comprise preferably the coordinates of the center of the
phase space curve. The shape of the phase space curve may
depend on the state variables, e.g. on the concentration of
glucose and/or on the temperature and/or on the concentra-
tion of hematocrit.

[0110] In addition, step b) may include generating a set of
evaluation rules. The generating of the set of evaluation rules
may include the following sub-steps:

[0111] Sub-step bl): providing a learning set of learning
measurement curves, acquired by using a learning set of
learning body fluids and by monitoring detection reactions of
the test substance and the test body fluids. The test body fluids
and the detection reactions may be chosen such that the learn-
ing measurement curves may be acquired with different sets
of state variables;

[0112] Sub-step b2): identifying a set of candidate evalua-
tion rules and deriving a set of candidate characteristic values
from the learning set of learning measurement curves;
[0113] Sub-step b3): determining a correlation between the
candidate characteristic values for each candidate evaluation
rule and the state variables; and

[0114] Sub-step b4): selecting the set of evaluation rules
from the set of candidate evaluation rules by accounting for
correlations determined in sub-step b3).

[0115] As used herein, “learning body fluid” means a body
fluid having a known set of state variables as long as these
state variables refer to properties of the body fluid, such as a
known temperature, a known analyte content or concentra-
tion, such as a known glucose concentration, and a known
hematocrit. Consequently, “learning measurement curve”
may refer to a measurement curve acquired by using a learn-
ing body fluid and by using a known set of state variables.
Therein, the known state variables may be defined by the
learning body fluid as long as these state variables refer to
properties of the learning body fluid, and may be defined by
properties and/or circumstances of the measurement as long
as these state variables are defined by the measurement, such
as state variables referring to details of the detection reaction
and/or the test substance. Further, “learning set of learning
body fluids” means a set comprising a plurality of learning
body fluids having different known sets of state variables. As
used herein, “learning set of learning measurement curves”
means a set of learning measurement curves acquired by
using different sets of known state variables.

[0116] The candidate evaluation rule may be an arbitrary
evaluation rule that may be arbitrarily chosen out of all poten-
tial evaluation rules. In some instances, the candidate evalu-
ation rules may be chosen by using expert knowledge, such as
by starting with candidate evaluation rules that have proven to
lead to candidate characteristic values which highly, such as
by having a correlation coefficient exceeding a predetermined
threshold, correlate with one or more of the state variables,
especially with one specific target variable, for similar body
fluid and/or similar measurement conditions. In addition, cor-
relation coefficients for a large number of candidate evalua-
tion rules may be compared visually. For example, expert
knowledge and/or experience may be used regarding candi-
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date evaluation rules that have proven to show a high corre-
lation coefficient with one state variable, such as a target
variable, whereas showing a low correlation coefficient, such
as the correlation coefficients below a predetermined thresh-
old, for other state variables, especially for all other state
variables for similar body fluids and/or similar measurement
conditions. Additionally or alternatively, instead of the cor-
relation coefficients themselves, expert knowledge and/or
experience regarding their Merit values may be used.

[0117] The candidate characteristic value may be a candi-
date value derived from a learning measurement curve by
using a candidate evaluation rule. As used herein, “correla-
tion” may refer to any of a broad class of statistical relation-
ships. The correlation may be a dependence, which may be a
statistical relationship between two variables and/or between
two sets of data.

[0118] Sub-step b3) may include determining at last one
correlation parameter for each candidate evaluation rule for
each state variable. The correlation parameter preferably may
be a Pearson correlation coefficient. A correlation parameter
may be a correlation coefficient. The correlation parameter
and/or the correlation coefficient and/or the Pearson correla-
tion coefficient may be a numerical value for a degree of
correlation. The most common correlation coefficient is the
Pearson correlation coefficient. The Pearson correlation coef-
ficient preferably may be a correlation coefficient being sen-
sitive only to a linear relationship between the two variables.
[0119] Insub-step b4), a Merit value may be calculated for
each correlation. The selecting of the set of evaluation rules
from the set of candidate evaluation rules may be performed
by accounting for the Merit values. The Merit value may be
derived out of the correlations and/or the correlation coeffi-
cients out of the correlation values, especially out of the
Pearson correlation coefficients by, for example, using the
formula:

Merit value =
correlation®
(|correlationgpucose| + lcorrelatioRpemarocri| + |correlationhum;d;,y|)'
[0120] The correlation may be the correlation coefficient

ucose OF the cor-
relation coefficient for the hematocrit concentration correla-
10Ny, 000 OF the correlation coefficient for the humidity
concentration correlation,,,,,,; - The Merit value may be
used for extracting the characteristic values.

[0121] In sub-step b4), a candidate evaluation rule may be
determined to be an evaluation rule if the corresponding cor-
relation determined in sub-step b3), may fulfill at least one
predetermined condition.

[0122] Step c): performing at least one multivariate analy-
sis of the at least one first characteristic value and the at least
one second characteristic value by using at least one prede-
termined multivariate evaluation algorithm. The multivariate
evaluation algorithm is an algorithm adapted to derive at least
one result from at least two variables. Here, the at least one
first characteristic value and the at least one second charac-
teristic value are used as the at least two variables, thereby
deriving at least one estimate value for at least one target
variable Y of the state variables.

[0123] The multivariate analysis may include at least one
mathematical operation. A multivariate analysis may be per-

for the concentration of glucose correlation,,
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formed of at least two different numeric values. The multi-
variate evaluation algorithm may be an arbitrary algorithm
for deriving at least one numerical result, also referred to as an
output, from at least two variables and/or values, preferably
from the at least one first characteristic value and the at least
one second characteristic value, also referred to as input vari-
ables. The multivariate evaluation algorithm may be an algo-
rithm adapted to derive at least one result from the at least two
variables. The algorithm may include an arbitrary rule for
generating the output by using the at least two input variables.
The output may be the target variable Y, and the input vari-
ables may be the characteristic values. In some instances, the
multivariate evaluation algorithm is or may include at least
one equation. At least two variables, especially the first char-
acteristic value and the second characteristic value, may be
input variables. The input variables may be used or may be
combined in this equation to derive the result. The multivari-
ate evaluation algorithm may include one of a linear equation,
a quadratic equation, a cubic equation, or any other polyno-
mial equation using the at least two variables, especially the
first characteristic value and the second characteristic value,
and a plurality of coefficients, thereby deriving the at least one
result.

[0124] The multivariate analysis may be a process or a
mathematical operation using the multivariate evaluation
algorithm and at least two input variables, especially the first
characteristic value and the second characteristic value, spe-
cifically the characteristic values, for generating at least one
numerical result, specifically the estimate value for the at
least one target variable. The multivariate evaluation algo-
rithm may be or may include a one-step algorithm in which
the first characteristic value and the second characteristic
value may be used as input variables for one and the same
algorithm, such as using one and the same equation having the
first characteristic value and a second characteristic value as
input variables. Alternatively, the multivariate evaluation
algorithm may be or may include multiple steps, where, step-
by-step, two or more algorithms may be successively applied.
[0125] The multivariate analysis may be an analysis, and
the multivariate evaluation algorithm may be an algorithm as
described in Martens & Ns, “Multivariate Calibration”
97-165 (John Wiley and Sons [.td, 1998) and/or Henrion &
Henrion, “Multivariate Datenanalyse” 103-157 (Springer-
Verlag, 1995).

[0126] The estimate value may be a value of the at least one
target variable Y rendered by a method for evaluating the
optical measurement curve and/or the measurement curve.
The value may be believed to optimally quantify the target
variable. The estimate value may be a numeric value. Like-
wise, the target variable Y may include the at least one analyte
concentration in a body fluid sample. In some instances, the
target variable Y may include the glucose concentration and/
or the hematocrit concentration.

[0127] Instep c), the predetermined multivariate evaluation
algorithm may include at least one polynomial algorithm
selected from:

Y=4-X, (1);
Y=xT4-X, (2); and
Y=XT-(XT-4-X), 3).

[0128] A may be a one-dimensional, a two-dimensional or

a three-dimensional evaluation tensor. In some instances, A
may be a symmetric tensor. For example, A may be a 3x3

Oct. 8, 2015

tensor. X and/or Y may be vectors or matrixes. In some
instances, Y is a matrix or a vector that includes different
target variables; and X can be a matrix or a vector that
includes at least two different characteristic values. Other
polynomial algorithms also may be used.

[0129] Alternatively, the predetermined multivariate evalu-
ation algorithm may include at least one algorithm selected
from:

Y=3,4,-X,, s
V=50, X%, 0, XX, (5); and
Y=2a, XA 2 4y X Xt 2 2 X X X (6).

[0130] a,;a,, a,; may be predetermined coefficients. i, j and
k may be, mutually independent, integers from 1 to N.
[0131] Additionally or alternatively, the predetermined
multivariate evaluation algorithm may include a function that
may involve a decision tree. As used herein, a “decision tree”
means at least one decision branch that may allow selecting
one out of at least two, especially two, alternative procedures
based on an assessment whether a predetermined condition
may be fulfilled or not.

[0132] Thedecision branch itself may include an additional
second-order decision branch that may allow performing one
out of at least two, especially two or three, further alternative
procedures depending on the assessment of a further prede-
termined condition. In addition, the second-order decision
branch may include at least one further higher-order decision
branch. In general, the predetermined condition, which may
depend on at least one characteristic value, may assess a
(non-)existence of a value or whether a definite value falls
within a predetermined range or not.

[0133] The decision branch may, thus, offer a decision
between performing or not performing a specific procedures
or performing the specific procedures under a specific param-
eter, with a specific parameter set, or within a specific param-
eter range. With regard to the methods disclosed herein, the
specific parameter may include the first or the second char-
acteristic value. However, other kinds of predetermined con-
ditions that may especially reflect the specific circumstances
of the methods disclosed herein are possible.

[0134] As anon-limiting example, the predetermined mul-
tivariate evaluation algorithm may include the following
function involving a first-order decision tree f (X, X,),

=X, X5)={g1(X5) for cond(X}); £,(X5) for NOT
cond(X,)}, ™,

where, depending on the assessment whether the predeter-
mined condition cond(X,), which may depend on the first
characteristic value X, may be fulfilled or not, the estimate
value for target variable Y may be derived according to Equa-
tion (7) by either using a first function g, (X, ) or an alternative
second function g,(X2), which both may depend on the sec-
ond characteristic value X,. Other examples for the predeter-
mined multivariate evaluation algorithm may include more
complex structures of the decision tree, such as a second-
order decision tree, where depending on the assessment
whether a first predetermined condition, which may depend
on one of the characteristic values, may be fulfilled or not, a
second predetermined condition, which may depend further
on another one of the characteristic values, may be assessed
until the estimate value for target variable Y may be derived.
[0135] Regardless, the at least one multivariate evaluation
algorithm may include at least one algorithm selected from: a
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partial least squares regression algorithm (PLSR); a principal
component regression algorithm (PCR); a support vector
machine algorithm (SVM); an artificial neuronal network
algorithm (ANN) and/or any genetic algorithm (GA).
[0136] Step d): determining at least one analyte concentra-
tion by using the at least one target variable Y.

[0137] As used herein, “determining at least one analyte
concentration by using the at least one target variable” may
include difterent options. The target variable Y may be the at
least one analyte concentration or may include the at least one
analyte concentration. Additionally or alternatively, the target
variable Y may be another target variable Y being different
from the at least one analyte concentration. The target vari-
ableY may include atarget variableY being different from the
at least one analyte concentration. The target variable Y may
be or may include a target variable Y being independent from
the at least one analyte concentration. For example, the target
variable Y being derived in step ¢) may be the at least one
analyte concentration or if the target variable Y derived in step
c¢) includes the analyte concentration, nothing may have to be
done in step d), or just a simple calculation. If the target
variable Y derived in step c¢) is not the at least one analyte
concentration or does not include the at least one analyte
concentration, the at least one analyte concentration may be
determined in step d) by using the target variable. For
example, a raw value of the at least one analyte concentration
may be determined, for example, by using an observable
and/or a measurement value.

[0138] The raw value may be corrected by using a correc-
tion algorithm, where the correction algorithm may use the
target variable Y derived in step ¢). The correction algorithm
may be or may include a temperature correction and/or a
hematocrit correction. The raw value may be transformed to
a corrected value of the at least one analyte concentration by
using the correction algorithm. For example, an observable
and/or a specific measurement value may be generated out of
the optical measurement curve and/or out of the measurement
curve by using a known method such as, for example, by
using a remission value at an end time value, especially by
using a remission end value. The end time value may be the
time at which the optical measurement curve such as, for
example, a remission curve, may have a slope being smaller
than a specific threshold. The threshold may be about 2%/s.
The specific measurement value or the remission value may
be transformed into the raw value by using a transformation
algorithm. The raw value may be transformed into the cor-
rected value by using a second transformation algorithm (e.g.,
the correction algorithm). Alternatively, a method may be
used using only one transformation algorithm in a one-step
method, where the measurement value and the at least one
target variable Y may be transformed by using the transfor-
mation algorithm. The transformation may lead directly to the
corrected value of the at least one analyte concentration. The
measurement value here may be a remission value being
determined out of a measurement curve and/or out of the
optical measurement curve at a specific point in time (e.g., the
remission end value). Other options may be possible.

[0139] The target variable Y may be a state variable of
specific interests. The target variable Y may be derived in a
method as described herein. Generally, the target variable Y
may be or may include an arbitrary state variable. The target
variableY even may change during the evaluation. Thus, one
and the same optical measurement curve and/or one and the
same measurement curve may be evaluated in order to derive
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different target variables, even by using the same multivariate
evaluation algorithm, which may be one of the major advan-
tages of the present invention. For example, by using the same
measurement curve, especially the same optical measure-
ment curve, both the concentration of glucose and the hema-
tocrit may be derived as target variables. Alternatively, only
the glucose concentration or only the hematocrit may be
derived as target variables. The target variable Y may be a
scalar or a vector or a matrix.

[0140] The target value may be different from the at least
one analyte concentration. Alternatively, the target value may
be the at least one analyte concentration or may include the at
least one analyte concentration. For example, the target value
may be a different physical and/or chemical quantity as the at
least one analyte concentration or the target value may be the
same physical or chemical quantity as the at least one analyte
concentration.

[0141] Likewise, the at least one analyte concentration may
be an arbitrary concentration. For example, the at least one
analyte concentration may be a glucose concentration, espe-
cially a blood glucose concentration. A typical unit of the
blood glucose concentration may be mmol/l or mg/dl. More
than one target variable Y may be combined to a vector.
[0142] Instep d), in addition to the at least one target vari-
ableY, at least one electrochemical measurement value may
beused for determining the at least one analyte concentration.
The electrochemical measurement value may be determined
by using at least one electrochemical measurement. The elec-
trochemical measurement may be a measurement being able
to generate electrochemical measurement values. For
example, the measurement curve as described above may be
an electrochemical measurement curve. The electrochemical
measurement curve may include electrochemical measure-
ment values. In some instances, the electrochemical measure-
ment may be an amperometric measurement. The electro-
chemical measurement may include at least one measurement
using at least one electrode. Alternatively, the electrochemi-
cal measurement may be a measurement using at least one
electrical current measurement and/or at least one electrical
voltage measurement and/or at least one impedance measure-
ment. As such, the electrochemical measurement value may
be an electrical current and/or an electrical voltage or an
impedance, where the electrical current and/or the electrical
voltage and/or the impedance may correlate with the at last
one analyte concentration such as a glucose concentration.
[0143] For example., the electric current may be propor-
tional to the glucose concentration. The electrochemical mea-
surement value may be a raw value as discussed above. The
electrochemical measurement value may be corrected by
using the target variable Y, especially for generating a cor-
rected analyte concentration such as, for example, a corrected
glucose concentration. The at least one analyte concentration
may be determined by the electrochemical measurement. The
optical measurement curve may only be used for a correction,
such as a calculated correction, of the electrochemical mea-
surement, especially of the electrochemical measurement
value. The correction may include the correction algorithm as
described above.

[0144] By using the electrochemical measurement value,
an approximated value of the at least one analyte concentra-
tion in the body fluid sample may be determined. The
approximated value of the at least one analyte concentration
in the sample may be a raw value as discussed above. Alter-
natively, the target value Y may be used for correcting the
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approximated value. In this manner, the target value Y may
include an influence of hematocrit and/or a hematocrit con-
centration on the at least one analyte concentration (e.g., a
glucose concentration).

[0145] In addition to steps a)-d), the methods disclosed
herein may further include at least one calibration step. In the
calibration step, a plurality of calibration measurement
curves may be generated by acquiring measurement curves of
a plurality of calibration fluids, such as optical measurement
curves of a plurality of calibration fluids, with the respective
known target variables Y. The characteristic values may be
determined for each calibration measurement curve. For
example, an equation system including the coefficients of one
or more of equations (4)-(6) above may be solved. Thereby,
numeric values for the coefficients may be determined. The
calibration fluid may be a fluid having a known target vari-
able, such as a known concentration of the at least one ana-
lyte, especially a concentration of the analyte determined by
a reliable reference method. The calibration fluid may be a
fluid most preferably having a known analyte concentration
(e.g. having a known glucose concentration). Thus, the cali-
bration fluid may include a glucose solution having a known
glucose concentration, such as a glucose concentration of
about 0-500 mg/dl. The calibration measurement curve may
be a measurement curve being acquired by using a calibration
fluid and/or the calibration measurement curve may be
acquired under known conditions, such that at least one target
variable Y may be known. Thus, in case the target variable Y
may refer to the calibration fluid, the target variable Y may be
known via the calibration fluid itself. In case the target vari-
able Y may refer to the measurement conditions, such as a
temperature and/or specific properties of the test substance
used for the measurement and/or one of the state variables, the
target variable Y may be known from the circumstances of the
measurement.

[0146] Methods incorporating the inventive concept also
can include detecting an analyte in a body fluid sample. The
analyte, the sample and the body fluid may be defined as
discussed above.

[0147] Briefly, the methods caninclude the following steps:
[0148] Step i): providing at least one measurement curve,
where the measurement curve contains a plurality of mea-
surement values recorded by monitoring a time development
of at least one measurement value indicating a progress of a
detection reaction of at least one test substance and a body
fluid sample. The measurement values contained in a mea-
surement curve are acquired at differing points in time. The
detection reaction is known to be influenced by a set of state
variables. Each state variable characterizes at least one of a
state of the body fluid sample and a condition of the detection
reaction.

[0149] Step ii): determining at least one target variable Y
and/or at least one estimate value for at least one target vari-
able Y by using a first time interval t, of the measurement
curve, where O<t,<x-s, and where the target variable Y is
different from at least one analyte concentration.

[0150] Step iii): determining the at least one analyte con-
centration by using the at least one target variable.

[0151] For further optional details of these methods, as well
as for definitions of the terms used in connection with these
methods, reference may be made to the first methods
described above.

[0152] Here, however, the measurement curve does not
necessarily have to be an optical measurement curve, even
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though this option still exists. Thus, other types of measure-
ment curves containing a plurality of measurement values
recording by monitoring a time development of at least one
measurement value indicating a progress of a detection reac-
tion of at least one test substance and the body fluid sample.
The detection reaction may be adapted to change at least one
measurable property of at least one test substance itself and/or
the body fluid sample. The at least one measurable property
does not necessarily have to be an optical property and,
besides the option of being an optical property, may be or may
include one or more of an electrical property and/or a chemi-
cal property. Thus, for example, the measurement values in
the second methods may be or may include electrical or
electrochemical measurement values.

[0153] Consequently, besides the option of using a test
substance that changes at least one optical property due to the
detection reaction, other types of test substances may be used
additionally or alternatively, such as at least one test sub-
stance that changes at least one electrochemical property
and/or at least one electrical property due to the detection
reaction. Thus, for example, in the first methods disclosed
above, at least one test element having at least one optical test
substance may be used, whereas, in the second methods dis-
closed here and/or in the third methods disclosed in further
detail below, at least one test element having at least one of an
optical test substance and an electrochemical test substance
may be used. As such, the measurement curves used and/or
evaluated in the second methods and/or the third methods
may be selected from optical measurement curves and elec-
trochemical measurement curves. Other options are feasible.
Furthermore, the measurement values in the second methods
and/or the third methods may be selected from optical mea-
surement values and electrochemical measurement values;
however, other options are feasible.

[0154] Besides the fact that the measurement curve does
not necessarily have to be an optical measurement curve, the
terms used in the second methods may be defined as the
identical terms as in the first methods above. The first time
interval t; may be atime interval as described above. The time
interval t; may include at least two measurement values. x
may be smaller or equal to 2, notably x may be smaller or
equal to 0.2.

[0155] The second methods also may include the following
steps:
[0156] Step iv): providing a set of at least two different

evaluation rules, where each evaluation rule may be adapted
to derive a characteristic value from the measurement curve,
thereby deriving a set of characteristic values X={X},_,
from the measurement curve. The set of characteristic values
includes at least one first characteristic value being derived
from the measurement curve by using at least one first evalu-
ation rule from the set of evaluation rules and at least one
second characteristic value being derived from the measure-
ment curve by using at least one second evaluation rule from
the set of evaluation rules. The second evaluation rule is
different from the first evaluation rule.

[0157] Insomeinstances, step iv) may be executed by using
at least one computer.

[0158] Step v): performing at least one multivariate analy-
sis of the at least one first characteristic value and the at least
one second characteristic value by using at least one prede-
termined multivariate evaluation algorithm, where the multi-
variate evaluation algorithm is an algorithm adapted to derive
at least one result from at least two variables. The at least one
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first characteristic value and the at least one second charac-
teristic value are used as the at least two variables, thereby
deriving the at least one estimate value for at least one target
variable Y of the state variables. In some instances, the mea-
surement curve may be an optical measurement curve, espe-
cially an optical measurement curve as described above.
[0159] The measurement values contained in the measure-
ment curve may be acquired at identical measuring condi-
tions. As used herein, “identical measuring conditions”
means a state of the sample during the measurement. The
sample may be not influenced be an application of an electri-
cal voltage and/or an electrical current (e.g., by using DC
and/or AC pulses). The measurement curve may include or
may exclusively be measurement values acquired at identical
measuring conditions. Identical measuring conditions may
not be given if an alternating current and/or an alternating
voltage is applied on the sample. In some instances, measure-
ment values measured in step 1) may be acquired at identical
measuring conditions.

[0160] The first evaluation rule may be transformed, or at
least may be transformable, into the second evaluation rule by
a time transformation.

[0161] Alternatively, the first evaluation rule may not be
transformed, or at least may not be transformable, into the
second evaluation rule by a time transformation.

[0162] Methods incorporating the inventive concept also
can include characterizing a body fluid sample. As used
herein, “characterizing” means a qualitative and/or quantita-
tive determination of at least one property of the body fluid
sample or a part thereof. The analyte, the sample and the body
fluid may be defined as discussed above.

[0163] Briefly, the methods caninclude the following steps:
[0164] Step A): bringing the body fluid sample into contact
with at least one test substance, thereby initiating a detection
reaction of the test substance and the body fluid sample,
where the detection reaction is known to be influenced by a
set of state variables. Each state variable characterizes at least
one of a state of the body fluid sample and a condition of the
detection reaction.

[0165] Step B): monitoring a time development of at least
one measurement value indicating a progress of the detection
reaction, thereby recording an optical measurement curve
containing a plurality of the measurement values acquired at
different points in time.

[0166] Step C): evaluating the optical measurement curve
by fully or partially using one of the methods as described
herein.

[0167] For further optional details of the third methods, as
well as for definitions of the terms used in the third methods,
reference may be made to the first or second methods dis-
closed hereinabove.

[0168] Here, in method step C), one, more than one or all of
the method steps of the first and/or second methods may be
performed, with the exemption that the measurement curve
notnecessarily has to be an optical measurement curve. Thus,
other types of measurement curves containing a plurality of
measurement values recording by monitoring a time devel-
opment of at least one measurement value indicating a
progress of a detection reaction of at least one test substance
and the body fluid sample. The detection reaction may be
adapted to change at least one measurable property of at least
one of the test substance itself and/or the body fluid sample.
The at least one measurable property not necessarily has to be
an optical property and, besides the option of being an optical

Oct. 8, 2015

property, may be or may include one or more of an electrical
property and/or a chemical property. For example, the mea-
surement values of the second methods may be or may
include electrical or electrochemical measurement values.
[0169] Likewise, one or more or even all of method steps
a)-d) of the first methods may be performed, with the exemp-
tion that, as outlined above, the measurement curve not nec-
essarily is an optical measurement curve. For example, the
measurement curve may be an electrochemical measurement
curve. For further optional details, reference may be made to
first methods disclosed hereinabove and below. Additionally
or alternatively, one, more than one or even all of method
steps 1), 1i) and iii) of the second methods may be performed.
[0170]
[0171] Computer programs also are disclosed that incorpo-
rate the inventive concept. Such computer programs can
include computer-executable instructions for performing one
or more of the methods as disclosed herein when the program
is executed on a computer or a computer network. In connec-
tion with the methods, at least the steps a)-c) and/or the step
b3) may be executed by using the computer program. Addi-
tionally or alternatively, one, more than one, or even all of
method steps 1), ii), iii), iv) and v) may be executed by using
the computer program. Again, additionally or alternatively,
one or both of method steps B) and C) may be executed by
using the computer program.

[0172] Specifically, the computer program may be stored
on a computer-readable data carrier.

[0173] Computer program products having program code
means also are disclosed that incorporate the inventive con-
cept. The computer program products can perform the meth-
ods as disclosed herein when the programs are executed on a
computer or computer network. Specifically, program code
means may be stored on a computer-readable data carrier.

[0174] Data carriers having a data structure stored thereon
also are disclosed that incorporate the inventive concept. The
structures, which, after loading into a computer or computer
network, such as into a working memory or main memory of
the computer or computer network, may execute the methods
as disclosed herein.

[0175] Computer program products with program code
means stored on a machine-readable carrier also are disclosed
that incorporate the inventive concept. The products with
program codes can perform the methods disclosed herein
when the program is executed on a computer or computer
network. As used herein, “a computer program product”
means a program as a tradable product. The product may
generally exist in an arbitrary format, such as in a paper
format, or on a computer-readable data carrier. Specifically,
the computer program product may be distributed over a data
network.

[0176] Modulated data signals containing instructions
readable by a computer system or computer network also are
disclosed that incorporate the inventive concept. The data
signals can perform the methods as disclosed herein.

[0177] With respect to such computer-implemented
aspects of the disclosure, one or more of the method steps or
even all of the method steps of the methods disclosed herein
may be performed by using a computer or computer network.
Thus, generally, any of the method steps including provision
and/or manipulation of data may be performed by using a
computer or a computer network. Generally, these method
steps may include any of the method steps, typically except

Computer Programs and Data Carrier Structures
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for method steps requiring manual work, such as providing
the samples and/or certain aspects of performing the actual
measurements.

[0178] These aspects further include:

[0179] A computer or computer network including at least
one processor, where the processor is adapted to perform at
least one of the methods disclosed herein;

[0180] A computer loadable data structure adapted to per-
form at least one of the methods disclosed herein while the
data structure is being executed on a computer;

[0181] A computer program adapted to perform at least one
of the disclosed herein while the program is being executed
on a computer;

[0182] A computer program including program means for
performing at least one of the methods described herein while
the computer program is being executed on a computer or on
a computer network;

[0183] A computer program including program means as
described above, where the program means are stored on a
storage medium readable to a computer;

[0184] A storage medium, where a data structure is stored
onthe storage medium and where the data structure is adapted
to perform at least one of the methods disclosed herein after
having been loaded into a main and/or working storage of a
computer or of a computer network; and

[0185] A computer program product having program code
means, where the program code means can be stored or are
stored on a storage medium, for performing at least one of the
methods disclosed herein, if the program code means are
executed on a computer or on a computer network.

[0186] Devices

[0187] Evaluation devices also are disclosed for evaluating
an optical measurement curve for analyzing at least one body
fluid sample and incorporate the inventive concept. Such
devices can include at least one evaluation unit adapted to
perform at least one of the methods for evaluating a measure-
ment as disclosed herein. The evaluation device may be an
evaluation device being able to evaluate the optical measure-
ment curve.

[0188] Sample analysis devices also are disclosed for char-
acterizing a sample of a body fluid and incorporate the inven-
tive concept. Such devices include at least one measuring unit
for measuring a detection reaction of at least one test sub-
stance and at least one body fluid sample. The detection
reaction is known to be influenced by a set of state variables,
where each state variable characterizes at least one of a state
of the body fluid sample and a condition of the detection
reaction. The measuring unit further is adapted for monitor-
ing a time development of at least one measurement value
indicating a progress of the detection reaction, thereby
recording an optical measurement curve containing a plural-
ity of the measurement values acquired at different points in
time.

[0189] Inaddition, the sample analysis devices may include
at least one evaluation device as described above.

[0190] Furthermore, the sample analysis devices may
include at least one test element such as at least one test strip.
The test element may contain the at least one test substance
adapted to perform the detection reaction.

[0191] The sample analysis devices therefore may be
adapted such that the body fluid sample can be applied to the
test element. The test element may be a part of the sample
analysis device being able to contain the test substance and
being able to perform the detection reaction. The test element
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may be arranged such that the optical measurement curve
and/or the measurement curve may be generated. The sample
analysis devices may be arranged to get the optical measure-
ment curve and/or the electrochemical measurement curve.
The sample analysis devices may be embodied as a hand-held
device. As used herein, “hand-held device” means that the
sample analysis devices may be used by a single user and may
be carried in a hand.

[0192] Moreover, the sample analysis devices may include
at least one detector. The detector may be or may include at
least one detector array such as, for example, a detector ofter-
ing a spatial resolution. Alternatively, the detector may be a
single detector or may include only one detection segment
(e.g., a detector having no spatial resolution).

[0193] InFIG.1, an embodiment of an analysis device 110
is shown for characterizing a body fluid sample. The device
110, such as a sample analysis device, includes at least one
measuring unit 112 for measuring a detection reaction of at
least one test substance and at least one body fluid sample.
The detection reaction is known to be influenced by a set of
state variables. Each state variable characterizes at least one
of a state of the body fluid sample and/or a condition of the
detection reaction. The measuring unit 112 further is adapted
for monitoring a time development of at least one measure-
ment value indicating a progress of the detection reaction,
thereby recording an optical measurement curve and/or a
measurement curve containing a plurality of the measure-
ment values acquired at different points in time.

[0194] The device 110 further can include at least one
evaluation device 114. The evaluation device 114 may be an
evaluation device for evaluating an optical measurement
curve and/or a measurement curve for analyzing at least one
sample of a body fluid. The evaluation device 114 can include
at least one evaluation unit 116 adapted to perform a method
as disclosed herein.

[0195] The device 110 also may include at least one test
element 118, especially at least one test strip 120. The test
element 118 may contain the at least one test substance
adapted to perform the detection reaction. The device 110
may be adapted such that the body fluid sample is applicable
to the test element 118.

[0196] Additionally or alternatively, the test element 118,
especially the test strip 120, may be reversibly attached to the
sample analysis device 110. The test element 118 may alter-
natively be not a part of the device 110. The test element 118
and/or the test strip 120 may be able to be inserted into the
sample analysis device 110 after attaching/applying the body
fluid sample on the test element 118.

[0197] The device 110 may be embodied as a hand-held
device 122. In this manner, the device 110 also may include at
least one monitor 124 (e.g., at least one touchscreen and/or at
least one screen and/or at least one display). The monitor 124
may be adapted to display a concentration of the at least one
analyte and/or at least one estimate value for the at least one
target variable. The device 110 further may include at least
one input panel 126. The input panel 126 may be designed to
act as an interface between a user and the device 110. The
input panel 126 may include at least one key and/or at least
one keyboard and/or at least one knob and/or at least one
touchscreen and/or at least one touchscreen pad. In some
instances, the monitor 124 and the input panel 126 may be
separated from each other. In other instances, the input panel
126 may be integrated in the monitor 124 (e.g., as in a touch-
screen panel).
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[0198] The measuring unit 112 may include at least one
light source 128. The light source 128 may include at least one
light emitting diode (LED) and/or at least one laser and/or at
least one lamp. The measuring unit 112 also may include at
least one detector 130. The detector 130 may be a device
being able to detect light being emitted by the sample and/or
being reflected by the sample and/or by the test element 118
and/or being emitted by the light source 128. The detector 130
may be able to detect the remission (e.g., a reflection and/or a
scattering of the light emitted by the light source 128 and/or
by the test element 118 and/or by the sample 110 and/or by the
analyte). The detector 130 alternatively or additionally may
be able to detect a fluorescence signal emitted by the test
element 118 and/or by the sample and/or by the analyte.

[0199] The sample analysis device 110, especially the mea-
suring unit 112, may include different components for doing
spectroscopy of the sample and/or of the analyte.

[0200] The measuring unit 112 further may include at least
one lance and/or at least one filter and/or at least one mirror
and/or at least one wavemeter.

[0201] The detector 130 may include at least one photo-
diode (e.g., an avalanche photodiode), and/or at least one
CCD chip and/or at least one camera and/or at least one
wavemeter and/or at least one frequency comb and/or at least
one spectroscopy cell. The detector 130 may be able to detect
light by generating at least one signal, preferably be generat-
ing the measurement curve and/or the optical measurement
curve. The signal may be detected in dependence of a time t
and/or may be integrated over a certain time period.

[0202] The sample analysis device 110 also may include at
least one computer 132 and/or at least one computer network
134. The computer 132 and/or the computer network 134 may
be integrated in the evaluation unit 116. The computer 132
and/or the computer network 134 may also be at least partially
separated from the sample analysis device 110. The computer
132 and/or the computer network 134 may be able to be
connected to the sample analysis device 110 by at least one
interface (e.g., by at least one USB connection).

[0203] The computer 132 and/or the computer network 134
and/or the sample analysis device 110 may be adapted to
execute at least one computer program. The computer pro-
gram includes computer-executable instructions for perform-
ing at least one of the methods as disclosed herein when the
program is executed on the computer 132 and/or on the com-
puter network 134.

[0204] The sample analysis device 110 may include at least
one photometric glucose element (e.g., the test strip 120). The
sample analysis device 110 may be an Accu-Chek® Active
system by Roche Diagnostics Deutschland GmbH. The fol-
lowing embodiments may refer to photometric glucose strips
and/or the Accu-Chek® Active system, but the methods, as
well as the computer programs and/or the evaluation devices
and/or the sample analysis devices 110 may alternatively be
assigned to a plurality of different systems, especially sys-
tems in which at least one analyte concentration should be
determined and a accuracy of reading of a measured signal
may depend on additional properties of the sample and/or of
the measurement and/or of other circumstances (e.g., of at
least one state variable).

[0205] The methods disclosed herein also may be com-
bined with electrochemical measurements of an analyte in a
body fluid sample (e.g., referring to glucose test elements
and/or absorption kinetics in lab analysis systems).
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[0206] Another method of detecting an analyte in a body
fluid sample is disclosed herein and includes the following
steps:

[0207] 1). providing at least one measurement curve, where

the measurement curve contains a plurality of measurement
values recorded by monitoring a time development of at least
one measurement value indicating a progress of a detection
reaction of at least one test substance and the sample of a body
fluid, where the measurement values contained in the mea-
surement curve are acquired at differing points in time 136,
and where the detection reaction is known to be influenced by
a set of state variables, each state variable characterizing at
least one of a state of the body fluid sample and a condition of
the detection reaction;
[0208] 1ii). determining at least one target variable and/or at
least one estimate value for at least one Y by using a first time
interval t; of the measurement curve, where O<t,<x, and
where the target variable Y is different from a concentration of
the at least one analyte; and

[0209] iii). determining at least one analyte concentra-

tion by using the at least one target variable.

[0210] The methods further may include the following
step:
[0211] 1iv). providing a set of at least two different evalua-

tion rules, each evaluation rule being adapted to derive a
characteristic value 138 from the measurement curve, thereby
deriving a set of characteristic values X={X,},_;  ,from the
measurement curve, the set of characteristic values 138
including at least one first characteristic value 138 being
derived from the measurement curve by using at least one first
evaluation rule from the set of evaluation rules and at least one
second characteristic value 138 being derived from the mea-
surement curve by using at least one second evaluation rule
from the set of evaluation rules, the second evaluation rule
being different from the first evaluation rule, preferably by
using a computer 132.

[0212] The methods further may include the following
step:
[0213] V). performing at least one multivariate analysis of

the at least one first characteristic value 138 and the at least
one second characteristic value 138 by using at least one
predetermined multivariate evaluation algorithm, the multi-
variate evaluation algorithm being an algorithm adapted to
derive at least one result from at least two variables, where the
at least one first characteristic value 138 and the at least one
second characteristic value 138 are used as the at least two
variables, thereby deriving the at least one estimate value for
at least one target variable Y of the state variables.

[0214] The measurement curve may be an optical measure-
ment curve. The measurement values contained in the optical
measurement curve may be acquired at identical measuring
conditions. The first evaluation rule may not be transformed,
or at least may not be transformable, into the second evalua-
tion rule by a time transformation.

[0215] FIGS.2A to 7 show exemplary methods of detecting
an analyte in a body fluid sample.

[0216] In connection therewith, a method of detecting an
analyte in a body fluid sample includes the following steps:
[0217] a).providing atleast one optical measurement curve
containing a plurality of measurement values recorded by
monitoring a time development of at least one measurement
value indicating a progress of a detection reaction of at least
one test substance and the sample of a body fluid. The mea-
surement values contained in the optical measurement curve
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are acquired at different points in time 136. The detection
reaction is known to be influenced by a set of state variables,
where each state variable characterizes at least one of a state
of the body fluid sample and a condition of the detection
reaction;

[0218] D). providing a set of atleast two different evaluation
rules, where each evaluation rule is adapted to derive a char-
acteristic value 138 from the optical measurement curve,
thereby deriving a set of characteristic values X={X,},_,
from the optical measurement curve The set of characteristic
values 138 includes at least one first characteristic value 138
being derived from the optical measurement curve by using at
least one first evaluation rule from the set of evaluation rules
and at least one second characteristic value 138 being derived
from the optical measurement curve by using at least one
second evaluation rule from the set of evaluation rules. The
second evaluation rule is different from the first evaluation
rule;

[0219] c¢) performing at least one multivariate analysis of
the at least one first characteristic value 138 and the at least
one second characteristic value 138 by using at least one
predetermined multivariate evaluation algorithm. The multi-
variate evaluation algorithm is an algorithm adapted to derive
at least one result from at least two variables. The at least one
first characteristic value 138 and the at least one second
characteristic value 138 are used as the at least two variables,
thereby deriving at least one estimate value for at least one
target variable Y of the state variables; and

[0220] d) determining at least one analyte concentration by
using the at least one target variable.

[0221] For an evaluation, especially not only one charac-
teristic value 138 (e.g. a parameter, like an end value and/or a
derivative and/or something similar) is used but a plurality of
parameters (e.g., a plurality of characteristic values 138, espe-
cially at least two characteristic values 138) of a kinetic curve
are used. The methods disclosed herein may not exclusively
use a univariate analysis with only one parameter (e.g., only
one characteristic value 138), but a multivariate analysis with
more parameters, especially with at least two characteristic
values 138.

[0222] This may be the reason why using the predeter-
mined multivariate evaluation algorithm may also be called
multivariate analysis. Methods of executing the multivariate
analysis and/or multivariate evaluation algorithms are
described, for example, in Martens & Nees (1998) supra,
and/or Henrion & Henrion (1995) supra.

[0223] Although, the following embodiments are predomi-
nantly described for analyzing kinetic curves of blood glu-
cose measurements, the methods herein may alternatively be
used in a wider context of analyzing data, especially but not
exclusively, of time dependent data. The optical measurement
curve may be a measurement curve changing during a fer-
mentation for analyzing the fermentation by using at least one
method as disclosed herein for making production processes
more stable.

[0224] The use of the methods herein may be especially
advantageous by using periodic and/or similar developing
optical measurement curves. The methods therefore may be
used for avoiding an influence of a state variable such as, for
example, hematocrit and/or a temperature on a detection of
the analyte in the body fluid sample. At least one of the
characteristic values 138 may not just be a measurement
value, but a characteristic value 138. At least one of the
characteristic values 138 may be different from a simple
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measurement value. The points in time 136 may be distrib-
uted over about 0 seconds to about 5 minutes, about 0 seconds
to about 101 seconds, about 0 seconds to about 30 seconds, or
even about 3 seconds to about 6 seconds.

[0225] The methods herein may not be part of a closed loop
and/or may not be part of a closed loop.

[0226] Inthe methods herein, at least one test strip 120 may
be observed. In some instances, the analyte in the body fluid
sample may be detected only once. For example, only one
body fluid sample may be taken from the body once the
method is performed. Thus, the optical measurement curve
may be a single measurement on the test element 118 (e.g., the
test strip 120) and not a periodic signal.

[0227] Alternatively, the methods herein may be performed
periodically on different body fluid samples and/or may be
part of a closed loop.

[0228] A relationship between a signal (e.g., the optical
measurement curve and/or the measurement curve, especially
at least one integration of at least a part of the optical mea-
surement curve) may be inversed proportional to the concen-
tration of glucose. For example, a high glucose concentration
may result in a smaller signal. The relationship between the
glucose concentration and the signal may be provided by a
calibration curve (e.g., for optical sample analysis devices
110). The calibration curve and/or the relationship between
the glucose concentration and the signal may include at least
one exponential function.

[0229] The methods herein may provide a simultaneous
correction of at least two error sources, especially of all error
sources influencing the analyte detection. The simultaneous
correction may be performed without knowledge of connec-
tions and/or correlations and/or relationships between indi-
vidual error sources (e.g., between individual state variables).
The methods herein may perform a simultaneous correction,
where an individual correction term may not have to be
known and/or may not have to be used therein.

[0230] The methods herein may include a simultaneous
correction, where a simultaneous correction may be defined
as an opposite of a sequential correction. In a sequential
correction, error sources may be corrected successively (e.g.,
one error source after another). In the methods, no successive
methods may be performed. In the methods, each step only
may be performed once, especially step d) may only be per-
formed once.

[0231] The state variables may be selected from: a compo-
sition of a body fluid sample, especially a content of at least
one component of the body fluid sample such as at least one
analyte concentration; a content of at least one particulate
component of the body fluid sample, especially a hematocrit;
a temperature of the body fluid sample; a humidity of an
ambient atmosphere surrounding the body fluid sample; a
storage time of the test substance; a storage history (e.g., of
the test element 118, which may influence the test signal). The
state variables, such as the storage history, may change at
least one of the measurement values and/or at least one promi-
nent point of the optical measurement curve (e.g., at least one
minimum such as a local minimum, and/or at least one maxi-
mum and/or at least one turning point and/or at least one other
characteristic point and/or at least one value of at least one
derivative of the optical measurement curve and/or the time of
their appearances). A particulate component may be acetyl-
salicylic acid and/or citric acid and/or maltose and/or xylose.
[0232] The methods herein may be able to suppress inter-
ferences caused by the state variables or even may be able to
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compensate at least a part of the interferences caused by the
state variables. The methods herein may give the opportunity
to determine a state of a reagent kit (e.g., of a test strip 120 in
terms of at least one activity of an enzyme such as glucose
oxidase and/or glucose dehydrogenase and/or glucose deox-
yreductase and/or similar components).

[0233] The methods and devices herein may be used in
detecting analyte concentrations, especially in detections of
analyte concentrations wherein an accuracy of reading out of
the measured signal may be influenced by using methods and
devices known from prior art by other properties besides the
analytes concentrations on properties of the sample and/or of
the measurement.

[0234] The methods herein, especially when using multi-
variate analysis, not only may be limited to optical detection
methods but also may be applicable in systems being able to
execute a different unperturbed measurement.

[0235] The methods herein also may be used in electro-
chemical detection methods and/or may include electro-
chemical detection methods. In a multivariate analysis, not
only one parameter (e.g., not only one characteristic value
138) is used but also a plurality of parameters (e.g., a plurality
of characteristic values 138) is used. The multivariate analy-
sis may deviate from a univariate analysis.

[0236] The influences of the state variables, like tempera-
ture and/or hematocrit, may influence the optical measure-
ment curve (e.g., the kinetic curve) in such a way that these
interference factors and/or state variables may be able to be
determined by the at least two characteristic values 138. The
two characteristic values 138 may differ from each other
and/or may be independent parameters. The set of character-
istic values 138, especially the two characteristic values 138,
may be determined out of only one optical measurement
curve (e.g. out of only one kinetic curve). The influences of
the state variables may be quantified by the at least two
characteristic values 138. The two characteristic values 138
may include the first characteristic value 138 and the second
characteristic value 138.

[0237] In the methods herein, besides the detection of at
least one analyte concentration at least one additional state
variable (e.g., the temperature and/or the hematocrit and/or
another state variable) may be determined by, for example,
evaluating one single optical measurement curve (e.g., one
single kinetic curve).

[0238] The first evaluation rule may not be transformed, or
at least not be transformable, into the second evaluation rule
by a time transformation. The first characteristic value 138
may be determined by using a first time interval of the optical
measurement curve. The second characteristic value 138 may
be determined by using a second time interval of the optical
measurement curve. The first time interval of the optical
measurement curve may be different from the second time
interval of the optical measurement curve. The target value
may be different from the at least one analyte concentration.
[0239] The at least two evaluation rules may be adapted to
derive the characteristic values 138 from at least two deriva-
tives of the optical measurement curve. The characteristic
values 138 may be derived by using at least two derivatives of
the optical measurement curve. At least one of the derivatives
of the optical measurement curve not only may be used for
determining a criterion (e.g., an end point value). At least one
quantitative value of the derivatives of the optical measure-
ment curve may be used directly for deriving at least one of
the characteristic values 138. For example, the numerical
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value of the first derivative of the optical measurement curve
of a remission kinetic curve may be included in the evalua-
tion. By evaluating only one optical measurement curve (e.g.,
only one kinetic curve), at least one hematocrit value and/or at
least one analyte concentration and/or at least one tempera-
ture and/or at least one another state variable may be able to be
determined, especially quantitatively. Alternatively, the two
evaluation rules may differ from each other by applying two
different components related to the algorithm, such as two
different thresholds or two different change rates below a
predetermined threshold.

[0240] The at least two derivatives may be derivatives
including at least two derivatives of different order. The order
of the derivatives may range from 0 to n, where n is a natural
number.

[0241] The derivatives may be generated by using at least
one filtering algorithm, such as a Savitzky-Golay filtering
algorithm. The Savitzky-Golay filter is a filter known from
data analysis. The filtering algorithm may be a filter and may
range up to the order.

[0242] During using the filtering algorithm, 11 neighboring
measurement values or data points in, for example, a distance
0f'0.1 seconds may be examined.

[0243] Additionally or alternatively, at least one spline
function may be fitted, preferably segmentally, to the optical
measurement curve and/or to the measurement curve (e.g., to
the kinetic curve). A spline function may be a sufficiently
smooth polynomial function. The spline function may be
piecewise-defined. The spline function may possess a high
degree of smoothness at places where polynomial pieces may
connect. These places may be called knots. In the methods
herein, at least one polynomial interpolation may be used.
The knots may have a distance of about 0.1 seconds. Addi-
tionally or alternatively, knots having a varying distance may
be used, such as a small distance in regions in which a high
alteration rate of the curves is encountered and a higher dis-
tance in regions in which a low alteration rate of the curves is
encountered. Thus, the density of the knots may be adapted to
the degree of changes or alterations in the curves.

[0244] Significant changes of the optical measurement
curve often may take place shortly after bringing the body
fluid sample into contact with the at least one test substance
(e.g., with a test element 118, especially with a test strip 120).
[0245] A functional dependency of the optical measure-
ment curve, e.g. of a development of the remission in time on
at least one state variable, e.g. on a hematocrit value, may be
seen as a perturbation of the detection of the analyte in the
sample, preferably of determining the at least one analyte
concentration (e.g., the determining of glucose), but on the
other hand, information about at least one state value (e.g.,
about a hematocrit concentration) may be included in the
measurement curve and/or in the optical measurement curve
(e.g., in the kinetic curve).

[0246] The optical measurement curves (e.g., measured
kinetic curves) and/or the at least two derivatives of the opti-
cal measurement curve (e.g., the first derivative and/or the
second derivative and/or the third derivative) may be divided
in time intervals starting with bringing the body fluid sample
into contact with the at least one test substance at t=0.
[0247] As essential changes often may happen shortly after
bringing the body fluid sample into contact with the at least
one test substance such as the test element 118 and/or the test
strip 120, it may be advantageous to use time intervals with
different length instead of using equidistant time intervals.
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[0248] Additionally or alternatively, the time intervals at
least partially may be equidistant. For example, the time
intervals may be short shortly after bringing the body fluid
sample into contact with the at least one test substance, where
the short time interval may last about 1 ms to about 2 s, about
10 ms to about 1 s, or even about 100 ms. For later times,
longer time intervals may be useful such as about 1 s to about
55, about 1.5 s to about 2.5 s, or even about 2 s. For example,
an optical measurement curve of about 30 s may be divided in
23 time intervals, where the length of the time intervals may
increase proportional to the square root of the time.

[0249] Additionally or alternatively, the optical measure-
ment curve may be divided in different parts of the optical
measurement curve (e.g., in different time intervals), where
different analysis methods may be applied to the parts of the
optical measurement curve (e.g., different evaluation rules).
The evaluation rule may include determining at least one
slope for a first part of the optical measurement curve and/or
determining at least one second derivative for at least one
second part of the optical measurement curve or something
similar.

[0250] The set of characteristic values 138 may contain
2-20 characteristic values 138, especially 3-10 characteristic
values 138. The target variable Y may include at least one
analyte concentration in the body fluid sample such as a
glucose concentration.

[0251] Instep d), in addition to the at least one target vari-
ableY, at least one electrochemical measurement value may
be used for determining the analyte concentration. The elec-
trochemical measurement value may be determined by using
at least one electrochemical measurement. By using the elec-
trochemical measurement value, an approximated value of
the at least one analyte concentration in the body fluid sample
may be determined. The target value Y may be used for
correcting the approximated value.

[0252] The predetermined multivariate evaluation algo-
rithm may i at least one polynomial algorithm selected from:

Y=4X, (1);

y=x74-X, (2); and

Y=xT-(xT4-X), 3).

[0253] A may be a one-dimensional, a two-dimensional or
a three-dimensional evaluation tensor. In some instances, A
may be a symmetric tensor. For example, A may be a 3x3
tensor. X and/or Y may be vectors or matrixes. In some
instances, Y is a matrix or a vector that includes different
target variables; and X can be a matrix or a vector that
includes at least two different characteristic values. Other
polynomial algorithms also may be used.

[0254] Alternatively, the predetermined multivariate evalu-
ation algorithm may inlcude at least one algorithm selected
from:

Y=3,4,-X,, s
Y=3,0,X+4%, 0, XX, (5); and
Y=2,a; XA 2, 0y Xy Xib 2 350X X X ).
[0255] a,a,,a,, may be predetermined coeflicients. 1, j and

k may be, mutually independent, integers from 1 to N.

[0256] Themethod also may include at least one calibration
step. Formula (5) may show that the use of squared terms
already may be sufficient. Formula (6) may show that cross

Oct. 8, 2015

terms between the characteristic values 138 (e.g., products of
two characteristic values 138) may be important. It may be
convenient to use the characteristic values X, (e.g., input
parameters) not only in linear combinations, similar to the
partial least squares (PLS) method, but additionally or alter-
natively also use products of the characteristic values 138
(e.g., of the input parameters) among themselves and/or
squares of the characteristic values 138 (e.g., of an input
parameters) expressed by cross terms. In other words, it may
be advantageous to use formula (5) instead of formula (4). Y
may be the predicted glucose values.

[0257] The characteristic value 138 may be an end value.
The end value as a single characteristic value 138 (e.g., as
single parameter) may be used in the PLS and/or may be used
in a squared term as at least the square of the end value. In
such a case, the multivariate analysis (e.g., the multivariate
data analysis) may only include two characteristic values 138,
especially two input values (e.g., X;,=EV (end value) and
X,7=EV?, with respective coeflicients a,, and a,;- ;- Such
a step already may decrease a median of a prediction error
from about 6.3 to about 4.8.

[0258] The methods further may include at least one cali-
bration step. In the calibration step, a plurality of calibration
measurement curves may be generated by acquiring measure-
ment curves, especially optical measurement curves, of a
plurality of calibration fluids with the respective known target
variables Y. The characteristic values 138 may be determined
for each calibration measurement curve. An equation system
including the coefficients of one or more of Equations (4)-(6)
may be solved, thereby determining numeric values for the
coefficients.

[0259] At least one influence of at least one state variable
(e.g., of the hematocrit) may be measured before the calibra-
tion for taking the influence into account in the calibration
step (e.g., in a multivariate calibration). In the calibration
step, dependencies on the state variables (e.g., on hematocrit)
may be taken into account. A computation and/or application
of at least one derivative by using the Savitzky-Golay filter
may take place inside the evaluation device 114. In the meth-
ods herein, terms of higher order with a plurality of sectors
may be taken into account.

[0260] Instepb), the evaluation rules may be adapted such
that the characteristic values 138 may be linearly indepen-
dent, thereby generating unique solutions for the numeric
values of the coefficients.

[0261] The at least one multivariate evaluation algorithm
may include at least one algorithm selected from: a partial
least squares regression algorithm (PLSR); a principal com-
ponent regression algorithm (PCR) a support vector machine
algorithm (SVM); an artificial neuronal network algorithm
(ANN); and/or a genetic algorithm (GA). The characteristic
values 138 may be independent (e.g., co-linear) in a math-
ematical sense. The characteristic values 138 may be
extracted out of one and the same measurement curve, espe-
cially out of one and the same optical measurement curve
(e.g., out of one and the same kinetic curve).

[0262] The body fluid may be selected from blood, inter-
stitial fluid, urine, plasma, serum and saliva. The monitoring
of'the time development of the at least one measurement value
indicating the progress of the detection reaction may be
adapted to be an impact-free monitoring of the detection
reaction without influencing the detection reaction. An
impact-free monitoring may be a measurement, where no, or
with no significant, impact on the measurement procedure
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may happen during the actual generation of the measurement
signals, especially of the optical measurement curve.

[0263] Inthe methods herein, at least one of the two differ-
ent evaluation rules may be selected from:

[0264] a.using a specific measurement value of the optical
measurement curve or a derivative of the optical measure-
ment curve at a predetermined point in time as the character-
istic value 138;

[0265] b. using a mean value of the optical measurement
curve or a derivative of the optical measurement curve over a
predetermined period of time as the characteristic value 138,
especially using one or more specific criteria, particularly
using one or more specific conditions, which may include at
least one end value criterion, especially a change rate below a
predetermined threshold value;

[0266] c. using a characteristic point in time of the optical
measurement curve or of a derivative of the optical measure-
ment curve as the characteristic value 138, especially a char-
acteristic point in time at which one or more of the following
occur: a maximum of the optical measurement curve or of a
derivative of the optical measurement curve; a minimum of
the optical measurement curve or of a derivative of the optical
measurement curve; and/or an inflection point of the optical
measurement curve or of a derivative of the optical measure-
ment curve;

[0267] d. using a characteristic parameter of the optical
measurement curve or of a derivative of the optical measure-
ment curve as the characteristic value 138, especially a char-
acteristic parameter at one of: a maximum of the optical
measurement curve or of a derivative of the optical measure-
ment curve; a minimum of the optical measurement curve or
of a derivative of the optical measurement curve; and/or an
inflection point of the optical measurement curve or of a
derivative of the optical measurement curve;

[0268] e.using a fit parameter derived by at least one fitting
process as the characteristic value 138. The fitting process
may imply a fitting of at least one predetermined fit curve to
at least a section of the optical measurement curve or of a
derivative of the optical measurement curve; and

[0269] f. using at least one value derived from a phase plot
as shown, for example, in FIG. 6 A and/or 6B, of at least two
derivatives of different order of the optical measurement
curve as the characteristic value 138, where the phase plot
may include at least one phase space curve, where the value
derived from the phase plot preferably may be selected from:
aposition of a center of the phase space curve; a length of the
phase space curve; a phase space volume; a phase space area;
a point with a maximal distance to the center of the phase
space curve; and/or a mean squared distance from the origin
of the phase space.

[0270] The phase plot may be used for detecting the analyte
in the body fluid sample, especially the phase plot may be
used for determining the glucose concentration. The phase
plot may be used for a calculation of at least one parameter,
especially for a calculation of the characteristic values 138,
out of the optical measurement curve for detecting the analyte
in the body fluid sample, especially for calculating glucose
concentration. The analyte concentration (e.g., the glucose
concentration) may be the result of the phase plot. The phase
plot may be an input quantity for determining the analyte
concentration, especially for determining glucose concentra-
tion.

[0271] At least two different evaluation rules may be
selected from different members of the group a.-f. may be
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selected. Step b) may include generating the set of evaluation
rules, which may include the following sub-steps:

[0272] bl): providing a learning set of learning measure-
ment curves, acquired by using a learning set of learning body
fluids and by monitoring detection reactions of a test sub-
stance and the test body fluids. The test body fluids and the
detection reactions may be chosen such that the learning
measurement curves are acquired with deferring sets of state
variables;

[0273] b2). identifying a set of candidate evaluation rules
and deriving a set of candidate characteristic values 138 from
the learning set of learning measurement curves;

[0274] b3): determining a correlation between the candi-
date characteristic values 138 for each candidate evaluation
rule and the state variables; and

[0275] b4) selecting the set of evaluation rules from the set
of candidate evaluation rules by accounting for the correla-
tions determined in sub-step b3).

[0276] Sub-step b3) may include determining at least one
correlation parameter for each candidate evaluation rule for
each state variable, especially the Pearson correlation coeffi-
cient.

[0277] Atleast one of the two different evaluation rules for
determining and/or choosing optimal input parameters (e.g.,
optimal characteristic values 138, characteristic points) may
be used. The characteristic points may include the mentioned
end value and/or a minima and/or a maxima of the optical
measurement curve, especially of the kinetic curve. Addition-
ally or alternatively, at least one inflection point and/or at least
one zero of a function and/or at least one third deviation may
be used. In particular, not only the value of the function of the
optical measurement curve, especially of the kinetic curve, at
the time of such a zero of the function and/or of a derivative
may be used but also values of the respective derivatives may
be used. For example, the value of the first derivative (e.g., the
slope) at a zero of the second derivative (e.g., the inflection
point) may be an advantageous input parameter, especially a
characteristic value 138. Additionally or alternatively, the
points in time 136 of the characteristic points and/or of dis-
tinctive positions of the kinetic curve of the optical measure-
ment curve, may be advantageous as input parameter, espe-
cially as characteristic value 138.

[0278] In each time interval i, at least one correlation
parameter, such as a correlation, for at least one of the char-
acteristic values 138 (e.g., an averaged numerical value, espe-
cially an input parameter X,) of the optical measurement
curve of a function curve, as well as of the first derivative
and/or the second derivative and/or the third derivative of the
measurement curve and/or the optical measurement curve
with the glucose concentration and/or with different other
parameters, especially with different state variables (e.g.,
with the hematocrit value of the used blood) may be deter-
mined.

[0279] The Pearson correlation coefficient may have arbi-
trary values between one, over 0, to -1. 1 may indicate a
strong correlation, 0 may indicate no correlation, and -1 may
indicate a strong anti-correlation.

[0280] FIG. 2A shows correlation coefficients of an optical
measurement curve of a test element 118, especially of a test
strip to be used with the Accu-Chek® Active system, with the
glucose concentration for each input parameter X,. FIG. 2A
shows a correlation between the optical measurement curve
SDO (e.g., an original curve), and the glucose concentration in
the upper diagram. Below, the correlation of the first deriva-
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tive SD1, the correlation of the second derivative SD2, and the
correlation of the third derivative SD3 with the glucose con-
centration are shown. The x-axis may correspond to different
time intervals i, and the y-axis may correspond to the Pearson
correlation coefficient. The data was taken using a test ele-
ment for an Accu-Chek® Active system as test element 118.
[0281] In FIG. 2A, one may identify clearly a strong anti-
correlation of the input parameters X45-X,,, of the optical
measurement curve, especially of the original curve SDO.
Furthermore, one may recognize an anti-correlation in the
first derivative SD1 for the input parameters X,-Xq4 Or a
correlation in the second derivative SD12 for the input param-
eters X,;-X,5. The correlation in the original curve, in the
zero derivative SDO, with the glucose concentration for high
times may not be surprising as this may refer to determining
the glucose concentration by using the end value. Further-
more, correlations in time intervals of the first derivative may
not be surprising as the gradient of the optical measurement
curve for small times may be used for an evaluation. For
example, one may use the first derivative instead of the end
value for evaluating the optical measurement curves. Inter-
ferences, caused by state variables, may influence the first
derivative signal too much, thus, a prediction of the glucose
concentration may be too inexact.

[0282] Insub-step b4), a Merit value may be calculated for
each correlation. The selecting of the set of evaluation rules
from the set of candidate evaluation rules may be performed
by accounting for the Merit values. In sub-step b4), a candi-
date evaluation rule may be determined to be an evaluation
rule if the corresponding correlation determined in sub-step
b3) may fulfill at least one predetermined condition. A
method for use in a multivariate data analysis may be the
so-called “partial least squares regression” (PLS).

[0283] As shown in FIG. 2A, the end value may be com-
bined with at least one gradient value (e.g., a first derivative).
For understanding, which parameters (e.g., which character-
istic values 138) may be suiting best for a multivariate analy-
sis, a correlation analysis may be useful. Within generating
the set of evaluation rules, input parameters and/or character-
istic values 138 may be chosen, which may correlate maxi-
mally with the analyte concentration and probably not with
other state variables, respectively.

[0284] FIG. 2B shows for the identical optical measure-
ment curve for the identical data set, as for FIG. 2A not the
correlation with the glucose concentration, but the correlation
coefficient referring to the hematocrit concentration (e.g., to a
hematocrit value). FIG. 2B particularly shows that the param-
eter X ., the first derivative of the optical measurement curve
for a time interval between 7.2-8.7 seconds, correlates very
strong with the hematocrit concentration, but basically not, as
shown in FIG. 2A, with the glucose concentration.

[0285] Forexample, by using the parameters X5 and X, as
characteristic values 138, an influence of hematocrit may be
divided from an influence of the glucose concentration by
smart analysis, especially by using the multivariate analysis.
By using these two parameters together with the end value in
a PLS analysis, one may get already a significant improve-
ment of the prediction of the glucose concentration.

[0286] FIG. 2B shows, similar to FIG. 2A, correlations
between the optical measurement curve SDO, the first deriva-
tive SD1, the second derivative SD2, the third derivative SD3,
and the hematocrit concentration. The x-axis may correspond
to the different time intervals, indicated by i. The y-axis may
correspond to the Pearson correlation coefficient. i may be
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related to at least one index of a parameter matrix. The data
shown in FIG. 2B may be related to measurements using test
strips for an Accu-Chek® Active system.

[0287] FIG. 2C shows the deviation d in mg/dl. or %
against a reference glucose concentration in mg/dL. for dif-
ferent hematocrit values. The different hematocrit values are
indicated by differently shaped symbols as described in the
legend of FIG. 2C. In particular, FIG. 2C in particular shows
the difference between the glucose concentration determined
by a method as disclosed herein using the multivariate analy-
sis and a reference concentration, especially a reference glu-
cose concentration, for different hematocrit values. The mea-
surements according to FIG. 2C are carried out by using a
sample analysis device 110 as disclosed herein, especially by
using an Accu-Chek® Active system. FIG. 2C shows the
deviation d of the prediction of the glucose concentration
from the reference glucose concentration r as reference value,
where the predicted glucose concentrations may be deter-
mined by using the PLS analysis based on the end value and
the parameter X, and Xg;. By deriving the median of the
absolute deviation and/or of the relative deviation one may
get as total error a value of 3.5, compared to a value of 6.3 by
using an end value criterion known from prior art.

[0288] By using methods as disclosed herein, especially by
using the multivariate evaluation algorithm, one may be able
to distinguish between changes of the optical measurement
curve (e.g., of the kinetic curve, such as changes of the signal)
induced by the glucose concentration and induced by the
hematocrit concentration.

[0289] The methods herein may provide the possibility for
a prediction, especially at least a rough prediction, of deter-
mining the hematocrit concentration out of the optical mea-
surement curve (e.g., out of the kinetic curve). This is shown
in FIG. 2D. In particular, FIG. 2D shows a predicted hemat-
ocrit h in % against a reference hematocrit rh in %. The
different symbols may reflect different glucose concentra-
tions.

[0290] FIG. 2D specifically shows the predicted hematocrit
determined out of the parameters (e.g., input parameters) X,
and X, and the end value compared to an actual hematocrit
value, especially the reference hematocrit rh exemplary for a
test strip 120 to be used with the Accu-Chek® Active system
for glucose, a test element 118 specified for analyzing glu-
cose.

[0291] Other methods herein can be used for characterizing
abody fluid sample, where such methods include the follow-
ing steps:

[0292] A): bringing the body fluid sample into contact with
at least one test substance, thereby initiating a detection reac-
tion of the test substance and the body fluid sample. The
detection reaction is known to be influenced by a set of state
variables, where each state variable characterizes at least one
of a state of the body fluid sample and the condition of the
detection reaction;

[0293] B): monitoring a time development of at least one
measurement value indicating a progress of the detection
reaction, thereby recording an optical measurement curve
containing a plurality of the measurement values acquired at
different points in time 136; and

[0294] C): evaluating the optical measurement curve by
using a method of detecting an analyte in the body fluid
sample by the methods disclosed above.

[0295] In the methods of detecting an analyte in the body
fluid sample, evaluation rules may be used as disclosed
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herein. The best parameters X, may be searched for the mul-
tivariate data analysis. Accordingly, the respective numeric
coefficient a, of a multivariate analysis for a code curve may
be found as numeric values of the coefficients.

[0296] FIG. 3 shows correlations for another exemplary
method. In particular, FIG. 3 shows correlations between an
optical measurement curve (e.g., an original remission kinetic
curve SDO, especially original data), the first derivative (e.g.,
the slope SD1), the second derivative (e.g., the curvature
SD2), the third derivative SD3, and the glucose concentra-
tion, especially for test strips 120. The y-axis relates to the
Pearson correlation coefficient, and the x-axis relates to the
time t in seconds. The white marked intervals i may indicate
the time intervals chosen for the characteristic values 138.
FIG. 3 shows 22 white marked intervals, thus 22 characteris-
tic values 138 may be used in the further analysis such as a
multivariate analysis. Here, a suppression of an influence of
the temperature on the optical measurement curve (e.g., on
the kinetic curve) may be compensated. At least one, espe-
cially several, features described above may be used. For
example, the methods of determining and/or identification of
the input parameters and/or of the characteristic values 138
may be used. As aresult, the white marked time intervals may
be advantageous due to using the methods herein for selecting
the evaluation rules and/or of characteristic values 138.

[0297] In the methods, carbanicotinamide adenine nucle-
otide (cNAD) may serve as co-factor for an enzyme-based
detection, as described in von Ketteler et al. (2012) supra. By
using a cNAD test substance, cNADH may be generated
proportional to the glucose concentration. cNADH may not
only absorb ultraviolet (UV) light with a wavelength of 360
nm during excitation with light but also may emit fluores-
cence light, especially fluorescence light with an emission
maximum at 460 nm. The fluorescence light may be detected
by using an optical filter, such as a simple optical filter, in
front of a photodiode as detector 130. Alternatively or addi-
tionally, the detecting of the remission and/or the detection of
the fluorescence light may be advantageous for use in analyz-
ing the sample, in particular in the multivariate analysis.

[0298] FIG. 4 shows correlations between the optical mea-
surement curve (e.g., an original fluorescence kinetic curve
SDO0), the first derivative SD1 (e.g., the slope), the second
derivative SD2 (e.g., the curvature), the third derivative SD3,
and the glucose concentration for a cNAD strip. The white
marked time intervals were chosen for a further analysis such
as for a multivariate analysis. FIG. 4 also shows correlation
coefficients against a time t in s. Input parameters (e.g., char-
acteristic values 138) may be deduced from a correlation
analysis. The correlation analysis is shown in FIG. 4. These
input parameters may alternatively or additionally be used in
a mixture with remission data, as shown in FIG. 3.

[0299] Using the multivariate data analysis as disclosed
herein for predicting a glucose concentration may reduce a
dependency, even a strong dependency, of a prediction of a
glucose concentration on a temperature. The strong depen-
dency of the prediction of the glucose concentration on the
temperature for a method using only the end value, (e.g., as
known from prior art) may be in average 1.76%/K. The
dependency by using the methods herein (e.g., by using a PLS
analysis on basis of the optical measurement curve, such as
the kinetic curve, of the remission) may be 0.47%/K. The
dependency when using the methods herein (e.g., when using
the PLS analysis of the optical measurement curve, such as
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the kinetic curve, generated by photometry and fluorescence)
may be 0.02%/K. This reduction of the dependency is shown
in FIG. 5.

[0300] FIG. 5 shows the dependency of the deviation
between a prediction of the glucose concentration and a real
concentration of glucose on the influence of strong tempera-
ture changes dc,,,/dT in %/K against the real glucose con-
centration r, in mg/dl. Curve 140 refers to a measurement
using an end point detection (e.g., the end value criterion,
known from prior art), where the dependency on a tempera-
ture may be about 1.76%/K. Curve 142 shows a measurement
using the methods herein, especially using the multivariate
analysis, by using the remission, particularly showing a
dependency on a temperature 0of 0.47%/K. Curve 144 refers to
ameasurement using methods herein and using the remission
and the fluorescence, wherein the dependency from a tem-
perature may be 0.02%/K. The deviations may achieve sig-
nificantly more than 2%/K for using a method known from
prior art with end point value detection. The deviation may be
reduced by using the multivariate analysis, in average less
than about 1%/K, especially by using the remission, and less
than about 0.2%/K, by using the remission and the fluores-
cence. Thus, by using the methods herein, compensation of
deviations due to temperature may be possible without using
a temperature sensor, such as only by using the optical mea-
surement curve (e.g., the kinetic curve). In the methods
herein, no temperature sensor may be used for detecting the
analyte in the body fluid sample.

[0301] FIGS. 3 and 4 show methods for selection of at least
one of the evaluation rules. FIGS. 6A and 6B show an advan-
tageous method of determining characteristic values 138
(e.g., of the parameters), which may be called the phase space
method. The phase space method may include generating a
phase plot, especially at least one phase space curve, of at
least two derivatives of diftferent order of the optical measure-
ment curve. Auxiliary quantities may be derived from the
phase plot. In some instances, the auxiliary quantities may
include at least one input parameter, especially at least one
characteristic value 138. At every point in time, especially of
the optical measurement curve, a pair of data including at
least one point out of the optical measurement curve and/or at
least one point of at least one derivative of the optical mea-
surement curve may be plotted.

[0302] FIGS. 6A and 6B show examples of phase plots. The
phase plot may also be called phase space diagram. The phase
plot may include pairs of points. One data point may relate to
one point in time in the optical measurement curve (e.g., in the
kinetic curve). The pair of points may include a remission and
the first derivative of the remission with respect to time. FIGS.
6A and 6B show phase plots, where remission values S are
plotted over the first derivative of the remission with respect
to time dS/dt in 1/s, thus, over the slope of the optical mea-
surement curve (e.g., over the slope of the kinetic curve). FIG.
6A shows a phase plot for a temperature of 5+1° C. for
different glucose concentrations, and FIG. 6B shows a phase
plot for a temperature of 45+1° C. for different glucose con-
centrations. The curves 146 belong to a glucose concentration
ot 0+5 mg/dl, the curves 148 belong to a glucose concentra-
tion of 89+5 mg/dl, the curves 150 belong to a glucose con-
centration of 258+5 mg/dl, and the curves 152 belong to a
glucose concentration of 554+5 mg/dl. Curve 146, curve 148,
curve 150 and curve 152 may be phase space curves. FIGS.
6A and 6B show phase plots including phase space curves.
The curve may start at a point (0-0) and may propagate on
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loops to a value near the value of dS/dt=0. dS/dt=0 may be the
basis for an evaluation using a remission value by using a stop
criterion. The loops before reaching the end point in a phase
plot may include information about at least one state variable,
especially about the temperature, which may be used for a
compensation by the multivariate analysis (e.g., by a multi-
variate evaluation). For example, one may ask at which remis-
sion value the slope may have its minimum (e.g., at S=0.44 or
at S=0.40). S=0.44 may indicate a low temperature, espe-
cially almost independent on a concentration (e.g., on a glu-
cose concentration. S=0.40 may indicate a high concentration
(e.g., a high glucose concentration) and a high temperature.
The point with the smallest, especially negative, slope, the
furthest left point of the phase plot, may be helpful in all its
information with respect to its remission value and/or its first
and/or second and/or third derivative and/or its point in time
at which this point may be reached.

[0303] Additionally or alternatively, values directly gener-
ated by using the phase plot may be used (e.g., a position of a
center of the phase space curve, especially coordinates of a
center of the phase space curve, of the phase plot, a length of
the phase space curve, and/or a length of the phase space
curve, and/or a phase space volume and/or a phase space area
and/or points with a maximal distance to the center of the
phase space curve and/or a mean squared distance from the
origin of the phase space, indicating dS/dt=0 and/or other
properties of the phase space plot). FIGS. 6A and 6B show
that a slope and/or an end value in phase space (e.g., in a phase
space curve and/or in a phase space plot) may depend on the
glucose concentration. In particular, FIGS. 6A and 6B show
that phase plots and/or phase space curves may look different
for different temperatures. Differences of phase plots for
different temperatures may be analyzed by using mathemati-
cal methods. For example, mathematical methods may be
used for distinguishing phase plots and/or phase space curves
interms of at least one state variable, especially in terms of the
temperature, by calculating the value derived from the phase
plot as described above.

[0304] An advantage of the multivariate analysis may be a
simultaneous determination of calibration data and/or of at
least one target value and/or of at least one state value. The
multivariate analysis may alternatively or additionally
include a consecutive procedure. A consecutive procedure
may beused in a method using a phase plot (e.g., in the phase
space analysis as described above). For example, an end value
may be determined out of the optical measurement curve
(e.g., out of the kinetic curve), where the end value may lead
to a prediction of the glucose concentration. A value of a
prediction of the glucose concentration may be corrected
depending on a presence of other criteria of the optical mea-
surement curve (e.g., of the kinetic curve). The method of
correcting the predicted glucose concentration may include at
least one weighting. For example, the weighting may be done
in respect to a temperature and/or a hematocrit value and/or a
humidity and/or an enzyme activity and/or a date of expiry
and/or a marker of an endurance, where at least one of these
properties may be determined out of the optical measurement
curve (e.g., out of the kinetic curve). Alternatively, the
weighting may include at least one other property of the
method and/or of the device and/or of the optical measure-
ment curve.

[0305] The methods herein may include a determination of
parts of the optical measurement curve that may be used for
calculating different parameters of the characteristic values
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138. The calculation may include at least one weighting. The
weighting may be used for stronger weighting of selected
parameters of selected characteristic values 138. For
example, a parameter, especially a characteristic value 138,
related to hematocrit may be determined by using a first part
of the optical measurement curve. A parameter, especially a
characteristic value 138, being related to a dependency on a
temperature and/or on another state variable may be deter-
mined by using at least one part of the optical measurement
curve being different from the first part of the optical mea-
surement curve. The methods herein may include determin-
ing parts of the optical measurement curve (e.g., a time inter-
val) and a correlation of the parts of the optical measurement
curve with at least one parameter, especially a correlation of
the part of the optical measurement curve with at least one
state variable.

[0306] The PLS analysis described above may be a linear
multivariate method. The relation between the glucose con-
centration and the remission and/or the fluorescence may not
be linear, as may be seen on calibration curves based on the
end value criterion. But using the PLS analysis may lead to an
improvement. The improvement may be caused by the qua-
dratic term in the multivariate analysis (e.g., in the algorithm).
Additionally or alternatively, the optical measurement curve
(e.g., the original kinetic curve) may be transformed by a term
being not proportional to the remission, but by a term being
proportional to 1/R and/or 1/R? and/or log(R) and/or R
and/or R*? and/or a similar term, where R may be the remis-
sion.

[0307] Additionally or alternatively, inherent non-linear
multivariate methods may be used. Inherent non-linear mul-
tivariate methods may include a neural network with sigmoid
neurons and/or support-vector machines. Thus, the methods
may include at least one neural network and/or at least one
support-vector machine. Alternatively or additionally,
genetic algorithms may be used in the methods herein.
[0308] The methods herein may include at least one corre-
lation analysis and/or at least one determination of character-
istic values 138 and/or a search in the phase space and/or a
renormalization by non-linear functions and/or the use of
PLS algorithms and/or the use of non-linear classification
methods and/or regression methods as ANNs and/or SVMs.
[0309] The characteristic values 138 may be independent.
The correlation analysis and/or the calculation of the merit
function may be used for avoiding dependencies of the char-
acteristic values 138.

[0310] The optical measurement curve (e.g., at least one
kinetic curve) may be linearized. For linearization, a model
for a prediction of the glucose concentration out of the remis-
sion value may be derived by using an end value evaluation
(e.g., based on a —2% end value) out of the optical measure-
ment curve (e.g., out of a precision set of data). This model
may be applied to the whole optical measurement curve (e.g.,
to the whole kinetic curve) afterwards. Furthermore, the
methods may include an averaging of at least a part of the
optical measurement curve (e.g., of the kinetic curve). Fur-
thermore, at least one merit-function, especially for the lin-
earized optical measurement curve (e.g., for the linearized set
of data) may be used. For example, in the linearized optical
measurement curve, especially in the linearized set of data, a
correlation analysis may be executed for each temperature for
the characteristic values 138 (e.g., for characteristic curve
parameters). The correlation analysis may include a calcula-
tion of correlations with a glucose concentration and/or a
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hematocrit concentration and/or a humidity. Merit-functions
may be derived out of the correlations (e.g., out of correlation
values), especially out of the Pearson correlation coefficients
by using the following formula:

Merit value =

correlation®

([correlationgyycose| + correlationpemarocrir) + |correlationhum;d;,y|)'

[0311] The correlation may be the correlation coefficient
for the concentration of glucose correlation,,,,.,, or the cor-
relation coefficient for the hematocrit concentration correla-
101,000 OF the correlation coefficient for the humidity
concentration correlationy,,,,; 4, The Merit value may be
used for extracting the characteristic values 138.

[0312] The methods herein thus include a multivariate
analysis for evaluating an optical measurement curve, espe-
cially a kinetic curve such as a kinetic curve for determining
a glucose value/concentration generated by an optical mea-
surement, but also by other types of measurements. The first
characteristic value or the second characteristic value may not
be the dry empty value of the measurement (i.e., may be
different from a dry empty value).

[0313] For a successful use of the multivariate analysis, a
correlation being as significant as possible between the target
values and/or the state variables, especially a glucose concen-
tration, and different state variables and/or disturbing factors
may be useful. The characteristic values 138 generated
thereby may be used together with, for example, statistically
generated, concrete number values for coefficients (e.g., the
Pearson correlation coefficient) for implementing in a simple
algorithm in the devices herein. The precision may be
increased by taking into account cross-terms and/or terms of
higher order.

[0314] Inthe methods herein, the characteristic values 138
may be different parameters. The different parameters may be
weighted with different weights per parameter. The charac-
teristic values 138 may be extracted from defined parts of the
optical measurement curve and/or may be single characteris-
tic points of the optical measurement curves (e.g., of the
kinetic curve). The methods herein may include determining
the parts of the optical measurement curve and their assign-
ment for getting the parameters, especially for getting the
characteristic values 138.

[0315] The optical measurement curve (e.g., the kinetic
curve) may be divided in parts of the optical measurement
curve, where this may enable applying individual algorithms
on the parts of the optical measurement curve. For example,
defined time intervals (e.g., time windows) in the optical
measurement curve may be attached to an influence of con-
crete state variables (e.g., concrete disturbance values). The
methods herein may include a combination of determined
parameters (e.g., a combination of the characteristic values
138).

[0316] A selection of the parts of the optical measurement
curve (e.g., of the time intervals) may be made by calculating
the merit function as part of the correlation analysis. The
methods herein also may include the end value criterion. The
characteristic values 138 may be independent from each
other. The target variable Y may be the analyte concentration,
which may be determined. The characteristic values 138 may
be determined by using the evaluation rules. The character-
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istic value 138 may be characteristic for at least one variable
(e.g., for at least one state variable, especially for at least one
target variable, and even for the analyte concentration). The
characteristic value 138 may be different from the analyte
concentration, especially different from the glucose concen-
tration. The multivariate analysis may be done with at least
two different characteristic values 138 and/or with at least two
different variables. At least one variable (e.g., at least one
characteristic value 138) may be different from the analyte
concentration. The variable may be determined out of the
characteristic value 138 by using at least one evaluation rule.
The characteristic value 138 being different from the analyte
concentration may be determined by using the evaluation
rule. The multivariate analysis may use at least one variable
being different from the analyte concentration. The variable
being different from the analyte concentration may be deter-
mined by using the evaluation rule.

[0317] FIG. 7 shows another aspect of the methods herein.
The state variables may include at least one disturbance value.
Influences of disturbance values on the measurement values,
especially on values for the glucose concentration, may be
compensated by an analysis of at least one derivative (e.g., of
more than two derivatives) of the optical measurement curve
and/or of the measurement curve.

[0318] An analysis of derivatives of the measurement
curve, especially of the optical measurement curve such as a
kinetic curve, may show correlations with the glucose con-
centration as well as correlations with disturbance values
(e.g., state variables) as the temperature and/or the humidity,
especially an air humidity, and/or the hematocrit concentra-
tion. In particular, at very early times of the kinetic curve (e.g.,
directly after combining the test substance and the body fluid
sample), it may be probable that there may be no correlation
with the glucose concentration. But directly starting diffusion
processes and/or dissolution processes usually may cause a
dependency on the disturbance values. These dependencies
on the disturbance values may be visible, analogous to an
evaluation of the glucose concentration, by a structure of the
derivatives of the measurement curve, especially of the opti-
cal measurement curve (e.g., in a maxima or a minimum).
This correlation with at least one disturbance value may be
used for a compensation from the disturbance value and/or
from the disturbance effect, especially for calculating a com-
pensation. For example, a first minimum of the first derivate
may depend on a temperature and/or on the hematocrit con-
centration, but may be independent on the glucose concen-
tration. This phenomena may be referred to as the wetting dip
or wetting step in the measurement curve and/or in a first
order or higher order derivative of the measurement curve. A
combination of this phenomenon, especially of the compen-
sation, with the end value criterion discussed above may lead
to a value for the glucose concentration that may be corrected
from influences caused by the hematocrit concentration.

[0319] The methods may include a multivariate analysis,
especially a bivariate analysis. A formula for deriving the
glucose concentration may be searched “manually” by com-
paring measurement curves and/or derivatives of measure-
ment curves and/or influences of disturbance values and/or
state variables by a skilled person. In particular, FIG. 7 in
particular shows the first derivative 1st d of a measurement
curve, especially of an optical measurement curve, in arbi-
trary units, against the time t, especially against the measure-
ment time t, in seconds. FIG. 7 further shows an example of
measurement values depending on the temperature and on the
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glucose concentration, which may at early times only depend
on the temperature. Similar effects may be present also for
other disturbance values (e.g., for the hematocrit concentra-
tion). FIG. 7 also shows the dip, particularly the wetting dip,
visible in the first derivative 1st d. The temperatures may vary
between about 5° C. and about 45° C. The data includes
different glucose concentrations, where they may not be dis-
tinguishable at these times, especially at these times of the
kinetic curve. Only a dependency on the temperature is
clearly visible. By using the depth of the dip a, at least partial,
compensation for the temperature dependency may be pos-
sible.
[0320] Additionally or alternatively, the predetermined
multivariate evaluation algorithm may include a procedure
that may involve a first-order, a second-order, and/or a higher-
order decision tree 154, 164, which may include at least one
decision branch that may allow selecting one out of at least
two, especially two, alternative procedures based on an
assessment whether a predetermined condition may be ful-
filled or not. Hereby, the predetermined condition may assess
whether a definite value falls within a predetermined range or
not and may, thus, offer a decision between performing or not
performing a specific procedure or performing the specific
procedure under a specific parameter, with a specific param-
eter set, or within a specific parameter range, wherein the
specific parameter may comprise the first or the second char-
acteristic value 138.
[0321] As anon-limiting example, the predetermined mul-
tivariate evaluation algorithm may include the following
function involving a first-order decision tree f (X, X,),
Y=AX, X5)={g,(X5) for cond(X}); g,(X5) for NOT
cond(X))}, ™,

wherein, depending on the assessment whether the predeter-
mined condition cond(X,), which may depend on the first
characteristic value X, may be fulfilled or not, the estimate
value for target variable Y may be derived according to Equa-
tion (7) by either using a first function g, (X, ) or an alternative
second function g,(X2), which both may depend on the sec-
ond characteristic value X,.

[0322] Asanexample related to Equation (7), FIG. 8 shows
a first decision tree 154, where a hematocrit correction 156 of
the glucose concentration may only be applied outside a
predetermined hematocrit range 158 (i.e., only such glucose
values may be corrected for which such a correction may be
required). In particular, after a determination 160 of the sec-
ond characteristic value 138 (i.e., the glucose concentration),
it may firstly be determined whether the first characteristic
value 138 (i.e., the hematocrit) may be inside or outside the
predetermined hematocrit range 158, especially covering the
range from about 35% to about 50%. However, other values
for the predetermined hematocrit range 158 are possible. In
this exemplary first decision tree 154, the hematocrit correc-
tion 156 of the second characteristic value 138 (i.e., the glu-
cose concentration) may only be applied in case the first
characteristic value 138 (i.e. the hematocrit) may be outside
the predetermined hematocrit range 158. Thus, a determina-
tion 162 of the target value Y involves both the second char-
acteristic value 138 (i.e., the glucose concentration) and the
first characteristic value 138 (i.e., the hematocrit).

[0323] Consequently, the first decision tree 154 as exem-
plary depicted in FIG. 8 exhibits the positive effect that only
such glucose values are submitted to the hematocrit correc-
tion 156 where the hematocrit correction 156 may be required
for a further processing of the respective glucose values, in
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particular for rare cases in which a patient may display a very
low or a very high hematocrit. Therefore, this kind of dis-
crimination according to the first decision tree 154 may, thus,
help to improve both the speed and the quality of the deter-
mination 162 of the target value Y.

[0324] As a further example based on Equation (7), the
determination 162 of the target value Y may be performed
according to a second decision tree 164 as exemplary
depicted in FIG. 9. According to the second decision tree 164,
the methods may start with a determination 166 of an end
value, from which a preliminary value for the second charac-
teristic value 138 (i.e., the glucose concentration) may be
derived. According to an assessment whether the preliminary
value for the second characteristic value 138 (i.e., the glucose
concentration) may fall within a predetermined glucose con-
centration range 168, firstly, respective first and second
threshold values 170, 172 for determining the actual glucose
concentration may be selected.

[0325] Inthis example, in case the preliminary value for the
glucose concentration may be estimated to be below 100
mg/dl, first and second threshold values 170 of -2%/s for the
first threshold and of -0.5%/s for the second threshold may be
particularly applied, whereas in case the preliminary value for
the glucose concentration may be estimated to be 100 mg/dl
or more, the above mentioned values of —=5%/s and of -2%/s
may be selected as first and second threshold values 172.
However, other values the first threshold and for the second
threshold may be chosen.

[0326] Secondly, in an additional second-order decision
branch of the second decision tree 164, a hematocrit correc-
tion 156 of the glucose values may only be applied outside the
predetermined hematocrit range 158. As already described
above in relation to FIG. 8, the hematocrit correction 156 of
the glucose concentration may only be performed in case the
hematocrit may take a value outside a range of about 35% to
about 50%. However, other values are possible.

[0327] According to the discrimination as depicted in FIG.
9, the determination 162 of a final value for the glucose
concentration may be determined here also with or without
hematocrit correction 156 depending on the actual value of
the first characteristic value 138 (i.e., the hematocrit). Hereby,
the actual values chosen for the hematocrit correction 156
may be independent from the second-order decision branch
of the second decision tree 164. Alternatively, for the hema-
tocrit correction 156 actual values may be chosen that might
depend on which second-order decision branch of the second
decision tree 164 the hematocrit correction 156 may be per-
formed.

[0328] Consequently, the second decision tree 164 as
exemplary depicted in FIG. 9 may exhibit the positive effects
that, firstly, very low glucose values even down to 40 mg/dl or
below may be correctly determined, and that, secondly, only
such glucose values may be submitted to the hematocrit cor-
rection 156, where it may be required in particular for rare
cases in which a patient may display a very low or a very high
hematocrit. Therefore, this kind of discrimination according
to the second decision tree 164 may, thus, help to improve
both the speed and the quality of the determination 162 ofthe
final value of the glucose concentration over a much larger
range of glucose concentrations than before.

[0329] Asafurther example, FIG. 10 shows a third decision
tree 174, where from the determination 166 of the end value
the preliminary value for the second characteristic value 138
(i.e., the glucose concentration) may be derived. According to
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an assessment, whether the preliminary value for the glucose
concentration may fall within the predetermined glucose con-
centration range 168, the preliminary value for the glucose
concentration as acquired by the determination 166 ofthe end
value may be kept or not. In the latter case, a determination
176 of a decay constant I" or a quantity related to the decay
constant F, such as a quantity proportional to the decay con-
stant F or proportional to the inverse 1/F of the decay con-
stant, may be performed, where the decay constant I' may
describe an exponential characteristic within at least an evalu-
ation part of a measurement curve related to the progress of a
detection reaction of the glucose concentration. According to
a further assessment 178 that might deliver an answer to the
question whether the decay constant I" or the quantity related
to the decay constant I' may be equal to or exceed a predefined
constant I'0, the preliminary value for the glucose concentra-
tion as acquired by the determination 166 of the end value
may still be kept or not. In the latter case, an additional
evaluation procedure 180 for determining the glucose con-
centration may be performed, where the additional evaluation
procedure 180 may take the hematocrit into account. Herein,
the additional evaluation procedure 180 may further include
another decision branch (not depicted here), which might
branch out to different hematocrit evaluation procedures
depending on whether the decay constant I' or the quantity
related to the decay constant I may be equal to or exceed a
further predefined constant I'1.

[0330] All of the patents, patent applications, patent appli-
cation publications and other publications recited herein are
hereby incorporated by reference as if set forth in their
entirety.

[0331] The present inventive concept has been described in
connection with what are presently considered to be the most
practical and preferred embodiments. However, the inventive
concept has been presented by way of illustration and is not
intended to be limited to the disclosed embodiments. Accord-
ingly, one of skill in the art will realize that the inventive
concept is intended to encompass all modifications and alter-
native arrangements within the spirit and scope of the inven-
tive concept as set forth in the appended claims. Numbered
embodiments are presented below.

Numbered Embodiments

Embodiment 1

[0332] A method for detecting an analyte in a sample of a
body fluid, the method comprising the following steps:

[0333] providing at least one optical measurement curve,
wherein the optical measurement curve contains a plurality of
measurement values recorded by monitoring a time develop-
ment of at least one measurement value indicating a progress
of a detection reaction of at least one test substance and the
sample of a body fluid, wherein the measurement values
contained in the optical measurement curve are acquired at
differing points in time, wherein the detection reaction is
known to be influenced by a set of state variables, each state
variable characterizing at least one of a state of the sample of
the body fluid and a condition of the detection reaction;

[0334] providing a set of at least two different evaluation
rules, each evaluation rule being adapted to derive a charac-
teristic value from the optical measurement curve, thereby
deriving a set of characteristic values X={X,},_, =, from the
optical measurement curve, the set of characteristic values
comprising at least one first characteristic value being derived
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from the optical measurement curve by using at least one first
evaluation rule from the set of evaluation rules and at least one
second characteristic value being derived from the optical
measurement curve by using at least one second evaluation
rule from the set of evaluation rules, the second evaluation
rule being different from the first evaluation rule;

[0335] performing at least one multivariate analysis of the
at least one first characteristic value and the at least one
second characteristic value by using at least one predeter-
mined multivariate evaluation algorithm, the multivariate
evaluation algorithm being an algorithm adapted to derive at
least one result from at least two variables, wherein the at least
one first characteristic value and the at least one second char-
acteristic value are used as the at least two variables, thereby
deriving at least one estimate value for at least one target
variable Y of the state variables;

[0336] determining a concentration of the at least one ana-
lyte by using the at least one target variable Y.

Embodiment 2

[0337] The method according to the preceding embodi-
ment, wherein the state variables are selected from the group
consisting of: a composition of the sample of the body fluid,
preferably a content of at least one component of the sample
of the body fluid and more preferably a concentration of at
least one analyte; a content of at least one particulate compo-
nent of the sample of the body fluid, preferably a hematocrit;
atemperature of the sample of the body fluid; a humidity of an
ambient atmosphere surrounding the sample of the body
fluid; a storage time of the test substance; an interfering
substance; alterations of the sample or of certain properties of
the sample caused by pharmacological treatment of a donor
of the sample.

Embodiment 3

[0338] The method according to one of the preceding
embodiments, wherein the first evaluation rule may not be
transformed into the second evaluation rule by a time trans-
formation.

Embodiment 4

[0339] The method according to one of the preceding
embodiments, wherein the second evaluation rule differs
from the first evaluation rule in at least one coefficient and/or
in at least one parameter and/or in at least one component
related to the algorithm.

Embodiment 5

[0340] The method according to the preceding embodi-
ment, wherein the algorithm of the first evaluation rule differs
from the algorithm of the second evaluation rule in a point in
time.

Embodiment 6

[0341] The method according to one of the preceding
embodiments, wherein a third evaluation rule is provided,
wherein, in step ¢), the at least one first characteristic value is
derived from the first evaluation rule, and wherein, in the
multivariate evaluation algorithm, the second evaluation rule
or the third evaluation rule is used depending on the at least
one first characteristic value.
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Embodiment 7

[0342] The method according to one of the preceding
embodiments, wherein the first characteristic value is deter-
mined by using a first time interval of the optical measure-
ment curve, wherein the second characteristic value is deter-
mined by using a second time interval of the optical
measurement curve, wherein the first time interval of the
optical measurement curve is different from the second time
interval of the optical measurement curve.

Embodiment 8

[0343] The method according to the preceding embodi-
ment, wherein the target value is different from the concen-
tration of the at least one analyte.

Embodiment 9

[0344] The method according to one of the preceding
embodiments, wherein the at least two evaluation rules are
adapted to derive the characteristic values from at least two
derivatives of the optical measurement curve.

Embodiment 10

[0345] The method according to the preceding embodi-
ment, wherein the at least two derivatives are derivatives
comprising at least two derivatives of different order.

Embodiment 11

[0346] The method according to one of the two preceding
embodiments, wherein the derivatives are generated by using
at least one filtering algorithm, preferably a Savitzky-Golay
filtering algorithm.

Embodiment 12

[0347] The method according to one of the preceding
embodiments, wherein the set of characteristic values con-
tains 2-20 characteristic values, preferably 3-10 characteristic
values.

Embodiment 13

[0348] The method according to one of the preceding
embodiments, wherein the target variable Y comprises the
concentration of the at least one analyte in the sample of the
body fluid.

Embodiment 14

[0349] The method according to one of the preceding
embodiments, wherein, in step d), in addition to the at least
one target variable Y, at least one electrochemical measure-
ment value is used for determining the concentration of the
analyte, wherein the electrochemical measurement value is
determined by using at least one electrochemical measure-
ment.

Embodiment 15

[0350] The method according to the preceding embodi-
ment, wherein, by using the electrochemical measurement
value, an approximated value of the concentration of the at
least one analyte in the sample of the body fluid is determined,
wherein the target value Y is used for correcting the approxi-
mated value.
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Embodiment 16

[0351] The method according to one of the preceding
embodiments, wherein the predetermined multivariate evalu-
ation algorithm comprises at least one polynomial algorithm
selected from:

Y=4X, (695
Y:XT'A'X, (2); and
y=xT(xT4:X), 3).

wherein A is a one-dimensional, a two-dimensional or a
three-dimensional evaluation tensor.

Embodiment 17

[0352] The method according to one of the preceding
embodiments, wherein the predetermined multivariate evalu-
ation algorithm comprises at least one algorithm selected
from:

Y=2,a,X, s
Y=5,a, X%, a4, X, X, (); and
Y=2a, XA 2 4y X Xt 2 2 X X X (6).

wherein a, a,, a,; may be predetermined coefficients, and
wherein i, j and k may be mutually independent, integers from
1toN.

Embodiment 18

[0353] The method according to the preceding embodi-
ment, further comprising at least one calibration step,
wherein, in the calibration step, a plurality of calibration
measurement curves is generated by acquiring measurement
curves of a plurality of calibration fluids with the respective
known target variables Y, wherein the characteristic values
are determined for each calibration measurement curve,
wherein an equation system comprising the coefficients of
one or more of equations (4)-(6) is solved, thereby determin-
ing numeric values for the coefficients.

Embodiment 19

[0354] The method according to the preceding embodi-
ment, wherein, in step b), the evaluation rules are adapted
such that the characteristic values are linearly independent,
thereby generating unique solutions for the numeric values of
the coefficients.

Embodiment 20

[0355] The method according to one of the preceding
embodiments, wherein the at least one multivariate evalua-
tion algorithm comprises at least one algorithm selected from
the group consisting of: a partial least squares regression
algorithm (PLSR); a principal component regression algo-
rithm (PCR); a support vector machine algorithm (SVM); an
artificial neuronal network algorithm (ANN); a genetic algo-
rithm (GA).

Embodiment 21

[0356] The method according to one of the preceding
embodiments, wherein the at least one multivariate evalua-
tion algorithm comprises a function involving at least one
decision tree, wherein the decision tree comprises at least one
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decision branch which allows selecting one out of at least two
alternative procedures based on an assessment whether a
predetermined condition may be fulfilled.

Embodiment 22

[0357] The method according to the preceding embodi-
ment, wherein the decision branch offers a decision between
performing or not performing a specific procedure or per-
forming the specific procedure under a specific parameter,
with a specific parameter set, or within a specific parameter
range.

Embodiment 23

[0358] The method according to the preceding embodi-
ment, wherein the specific parameter comprises the charac-
teristic value.

Embodiment 24

[0359] The method according to one of the preceding
embodiments, wherein the body fluid is selected from the
group consisting of blood, interstitial fluid, urine, plasma,
serum and saliva.

Embodiment 25

[0360] The method according to one of the preceding
embodiments, wherein the monitoring of the time develop-
ment of the at least one measurement value indicating the
progress of the detection reaction is adapted to be an impact-
free monitoring of the detection reaction without influencing
the detection reaction.

Embodiment 26

[0361] The method according to one of the preceding
embodiments, wherein at least one of the two different evalu-
ation rules is selected from the group consisting of:

[0362] using a specific measurement value of the optical
measurement curve or a derivative of the optical measure-
ment curve at a predetermined point in time as the character-
istic value, preferably using one or more specific criteria,
particularly using one or more specific conditions, which may
comprise at least one end value criterion, more preferably a
change rate below a predetermined threshold value;

[0363] using a mean value of the optical measurement
curve or a derivative of the optical measurement curve over a
predetermined period of time as the characteristic value;
[0364] using a characteristic point in time of the optical
measurement curve or of a derivative of the optical measure-
ment curve as the characteristic value, preferably a character-
istic point in time at which one or more of the following occur:
a maximum of the optical measurement curve or of a deriva-
tive of the optical measurement curve; a minimum of the
optical measurement curve or of a derivative of the optical
measurement curve; an inflection point of the optical mea-
surement curve or of a derivative of the optical measurement
curve;

[0365] using a characteristic parameter of the optical mea-
surement curve or of a derivative of the optical measurement
curve as the characteristic value, preferably a characteristic
parameter at one of: a maximum of the optical measurement
curve or of a derivative of the optical measurement curve; a
minimum of the optical measurement curve or of a derivative
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of the optical measurement curve; an inflection point of the
optical measurement curve or of a derivative of the optical
measurement curve;

[0366] using a fit parameter derived by at least one fitting
process as the characteristic value, wherein the fitting process
implies a fitting of at least one predetermined fit curve to at
least a section of the optical measurement curve or of a
derivative of the optical measurement curve; and

[0367] using at least one value derived from a phase plot of
at least two derivatives of different order of the optical mea-
surement curve as the characteristic value, wherein the phase
plot comprises at least one phase space curve, wherein the
value derived from the phase plot preferably is selected from
the group consisting of: a position of a center of the phase
space curve; a length of the phase space curve; a phase space
volume; a phase space area; a point with a maximal distance
to the center of the phase space curve; a mean squared dis-
tance from the origin of the phase space.

Embodiment 27

[0368] The method according to the preceding embodi-
ment, wherein at least two different evaluation rules selected
from different members of the group a.-f. are selected.

Embodiment 28

[0369] The method according to one of the preceding
embodiments, wherein step b) comprises generating the set of
evaluation rules, the generating of the set of evaluation rules
comprising the following sub-steps:

[0370] b1) providing a learning set of learning measure-
ment curves, acquired by using a learning set of learning body
fluids and by monitoring detection reactions of a test sub-
stance and the test body fluids, wherein the test body fluids
and the detection reactions are chosen such that the learning
measurement curves are acquired with differing sets of state
variables;

[0371] b2) identifying a set of candidate evaluation rules
and deriving a set of candidate characteristic values from the
learning set of learning measurement curves;

[0372] b3)determining a correlation between the candidate
characteristic values for each candidate evaluation rule and
the state variables;

[0373] b4) selecting the set of evaluation rules from the set
of candidate evaluation rules by accounting for the correla-
tions determined in sub-step b3).

Embodiment 29

[0374] The method according to the preceding embodi-
ment, wherein sub-step b3) includes determining at least one
correlation parameter for each candidate evaluation rule for
each state variable, preferably a Pearson correlation coeffi-
cient.

Embodiment 30

[0375] The method according to one of the two preceding
embodiments, wherein, in sub-step b4), a Merit value is cal-
culated for each correlation, wherein the selecting of the set of
evaluation rules from the set of candidate evaluation rules is
performed by accounting for the Merit values.
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Embodiment 31

[0376] The method according to one of the three preceding
embodiments, wherein, in sub-step b4), a candidate evalua-
tion rule is determined to be an evaluation rule if the corre-
sponding correlation determined in sub-step b3) fulfils at
least one predetermined condition.

Embodiment 32

[0377] A method for detecting an analyte in a body fluid
sample, the method comprising the following steps:

[0378] providing at least one measurement curve, wherein
the measurement curve contains a plurality of measurement
values recorded by monitoring a time development of at least
one measurement value indicating a progress of a detection
reaction of at least one test substance and the body fluid
sample, wherein the measurement values contained in the
measurement curve are acquired at differing points in time,
wherein the detection reaction is known to be influenced by a
set of state variables, each state variable characterizing at
least one of a state of the body fluid sample and a condition of
the detection reaction;

[0379] determining at least one target variable and/or at
least one estimate value for at least one Y by using a first time
interval t; of the measurement curve, wherein Ost,=x,
wherein the target variable Y is different from at least one
analyte concentration;

[0380] determining at least one analyte concentration by
using the at least one target variable;

[0381] providing a set of at least two different evaluation
rules, each evaluation rule being adapted to derive a charac-
teristic value from the measurement curve, thereby deriving a
set of characteristic values X={X,},_,  , from the measure-
ment curve, the set of characteristic values comprising at least
one first characteristic value being derived from the measure-
ment curve by using at least one first evaluation rule from the
set of evaluation rules and at least one second characteristic
value being derived from the measurement curve by using at
least one second evaluation rule from the set of evaluation
rules, the second evaluation rule being different from the first
evaluation rule.

Embodiment 33

[0382] The method according to the preceding embodi-
ment, wherein the method further comprises the following
step:

[0383] performing at least one multivariate analysis of the
at least one first characteristic value and the at least one
second characteristic value by using at least one predeter-
mined multivariate evaluation algorithm, the multivariate
evaluation algorithm being an algorithm adapted to derive at
least one result from at least two variables, wherein the at least
one first characteristic value and the at least one second char-
acteristic value are used as the at least two variables, thereby
deriving the at least one estimate value for at least one target
variable Y of the state variables.

Embodiment 34

[0384] The method according to the preceding embodi-
ment, wherein the second evaluation rule differs from the first
evaluation rule in at least one coefficient and/or in at least one
parameter and/or in at least one component related to the
algorithm.
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Embodiment 35

[0385] The method according to one of the three preceding
embodiments, wherein the measurement curve is an optical
measurement curve.

Embodiment 36

[0386] The method according to one of the four preceding
embodiments, wherein the measurement values contained in
the optical measurement curve are acquired at identical mea-
suring conditions.

Embodiment 37

[0387] The method according to one of the five preceding
embodiments, wherein the first evaluation rule may not be
transformed into the second evaluation rule by a time trans-
formation.

Embodiment 38

[0388] A method for characterizing a sample of a body
fluid, the method comprising the following steps:

[0389] bringing the sample of the body fluid into contact
with at least one test substance, thereby initiating a detection
reaction of the test substance and the sample of the body fluid,
wherein the detection reaction is known to be influenced by a
set of state variables, each state variable characterizing at
least one of a state of the sample of the body fluid and a
condition of the detection reaction;

[0390] monitoring a time development of at least one mea-
surement value indicating a progress of the detection reac-
tion, thereby recording an optical measurement curve con-
taining a plurality of the measurement values acquired at
differing points in time;

[0391] evaluating the optical measurement curve by using
the method according to one of the preceding embodiments.

Embodiment 39

[0392] A computer program including computer-execut-
able instructions for performing the method according to one
of'the preceding embodiments when the program is executed
on a computer or computer network.

Embodiment 40

[0393] An evaluation device for evaluating an optical mea-
surement curve for analyzing at least one sample of a body
fluid, the device comprising at least one evaluation unit,
wherein the evaluation unit is adapted to perform a method
according to one of the preceding embodiments referring to a
method for evaluating a measurement.

Embodiment 41

[0394] A sample analysis device for characterizing a
sample of a body fluid, the device comprising:

[0395] at least one measuring unit for measuring a detec-
tion reaction of at least one test substance and at least one
sample of a body fluid, wherein the detection reaction is
known to be influenced by a set of state variables, each state
variable characterizing at least one of a state of the sample of
the body fluid and a condition of the detection reaction, the
measuring unit further being adapted for monitoring a time
development of at least one measurement value indicating a
progress of the detection reaction, thereby recording an opti-
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cal measurement curve containing a plurality of the measure-
ment values acquired at different points in time; and

[0396] at least one evaluation device according to the pre-
ceding embodiment.

Embodiment 42

[0397] The sample analysis device according to the preced-
ing embodiment, furthermore comprising at least one test
element, preferably at least one test strip, wherein the test
element contains the at least one test substance adapted to
perform the detection reaction, wherein the sample analysis
device is adapted such that the sample of the body fluid is
applicable to the test element.

Embodiment 43

[0398] The sample analysis device according to the preced-
ing embodiment, wherein the sample analysis device is
embodied as a hand-held device.

LISTING OF REFERENCE NUMBERS

[0399] 110 sample analysis device

[0400] 112 measuring unit

[0401] 114 evaluation device

[0402] 116 evaluation unit

[0403] 118 test element

[0404] 120 test strip

[0405] 122 hand-held device

[0406] 124 monitor

[0407] 126 input panel

[0408] 128 light source

[0409] 130 detector

[0410] 132 computer

[0411] 134 computer network

[0412] 136 points in time

[0413] 138 characteristic value

[0414] 140 curve

[0415] 142 curve

[0416] 144 curve

[0417] 146 curves

[0418] 148 curves

[0419] 150 curves

[0420] 152 curves

[0421] 154 first decision tree

[0422] 156 hematocrit correction

[0423] 158 predetermined hematocrit range
[0424] 160 determination of the glucose concentration
[0425] 162 determination of the target value
[0426] 164 second decision tree

[0427] 166 determination of the end value
[0428] 168 predetermined glucose concentration range
[0429] 170 first and second threshold values
[0430] 172 first and second threshold values
[0431] 174 third decision tree

[0432] 176 determination of decay constant
[0433] 178 further assessment

[0434] 180 additional evaluation procedure

The invention claimed is:

1. A method for detecting an analyte in a body fluid sample,

the method comprising the steps of:

a). providing at least one optical measurement curve,
wherein the optical measurement curve contains a plu-
rality of measurement values recorded by monitoring a
time development of at least one measurement value
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indicating a progress of a detection reaction of at least
one test substance and the body fluid sample, wherein
the measurement values contained in the optical mea-
surement curve are acquired at differing points in time,
and wherein the detection reaction is influenced by a set
of state variables, each state variable characterizing at
least one of a state of the body fluid sample and a con-
dition of the detection reaction;

b). providing a set of at least two different evaluation rules,
each evaluation rule adapted to derive a characteristic
value from the optical measurement curve, thereby
deriving a set of characteristic values X={X,},_;,  ~
from the optical measurement curve, the set of charac-
teristic values comprising at least one first characteristic
value being derived from the optical measurement curve
by using at least one first evaluation rule from the set of
evaluation rules and at least one second characteristic
value being derived from the optical measurement curve
by using at least one second evaluation rule from the set
of evaluation rules, the second evaluation rule being
different from the first evaluation rule;

¢). performing at least one multivariate analysis of the at
least one first characteristic value and of the at least one
second characteristic value by using at least one prede-
termined multivariate evaluation algorithm, the at least
one multivariate evaluation algorithm adapted to derive
at least one result from at least two variables, wherein the
at least one first characteristic value and the at least one
second characteristic value are used as the at least two
variables, thereby deriving at least one estimate value for
at least one target variable Y of the state variables; and

d). determining at least one analyte concentration by using
the at least one target variable Y.

2. The method of claim 1, wherein the state variables are
selected from the group consisting of a composition of the
body fluid sample; a content of at least one particulate com-
ponent of the body fluid sample; a temperature of the body
fluid sample; a humidity of an ambient atmosphere surround-
ing the body fluid sample; a storage time of the test substance;
an interfering substance; alterations of the body fluid sample
or of certain properties of the body fluid sample caused by
pharmacological treatment of a donor of the body fluid
sample.

3. The method of claim 2, wherein the particulate compo-
nent of the body fluid sample is a hematocrit.

4. The method of claim 1, wherein the first evaluation rule
may not be transformed into the second evaluation rule by a
time transformation.

5. The method of claim 1, wherein the second evaluation
rule differs from the first evaluation rule in at least one of: in
atleast one coefficient, in at least one parameter, and in at least
one component related to the at least one predetermined mul-
tivariate evaluation algorithm.

6. The method of claim 1, wherein a third evaluation rule is
provided, wherein in step c), the at least one first character-
istic value is derived from the first evaluation rule, and
wherein in the at least one multivariate evaluation algorithm,
the second evaluation rule or the third evaluation rule is used
depending on the at least one first characteristic value.

7. The method of claim 1, wherein the first characteristic
value is determined by using a first time interval of the optical
measurement curve, wherein the second characteristic value
is determined by using a second time interval of the optical
measurement curve, and wherein the first time interval of the
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optical measurement curve is different from the second time
interval of the optical measurement curve.

8. The method of claim 7, wherein the target value is
different from the at least one analyte concentration.

9. The method of claim 1, wherein the at least two evalu-
ation rules are adapted to derive the characteristic values from
at least two derivatives of the optical measurement curve.

10. The method of claim 1, wherein the target variable Y
comprises the at least one analyte concentration in the body
fluid sample.

11. The method of claim 1, wherein in step d), in addition
to the at least one target variable Y, at least one electrochemi-
cal measurement value is used for determining the at least one
analyte concentration, and wherein the electrochemical mea-
surement value is determined by using at least one electro-
chemical measurement.

12. The method of claim 11, wherein by using the electro-
chemical measurement value, an approximated value of the at
least one analyte concentration in the body fluid sample is
determined, and wherein the target value Y is used for cor-
recting the approximated value.

13. The method of claim 1, wherein the predetermined
multivariate evaluation algorithm comprises at least one poly-
nomial algorithm selected from:

Y=4X, (695
Y:XT'A'X, (2); and
Y=xT-(xT4-X), 3).

wherein A is a one-dimensional, a two-dimensional or a
three-dimensional evaluation tensor.
14. The method of claim 1, wherein the predetermined
multivariate evaluation algorithm comprises at least one algo-
rithm selected from:

Y=3,4,-X,, s
Y=2,0;X+%, 0, XX, (5); and
Y=2a, X2 4y X Xt 2 2300 X X X (6).

wherein a;, a;, a;; are predetermined coefficients, and
wherein 1, j and k are, mutually independently, integers
from 1 to N.

15. The method of claim 1, wherein the at least one multi-
variate evaluation algorithm comprises a function involving
at least one decision tree, and wherein the decision tree com-
prises at least one decision branch that allows selecting one
out of at least two alternative procedures based on an assess-
ment whether a predetermined condition may be fulfilled.

16. The method of claim 1, wherein at least one of the two
different evaluation rules is selected from the group consist-
ing of:

a). using a specific measurement value of the optical mea-
surement curve or a derivative of the optical measure-
ment curve at a predetermined point in time as the char-
acteristic value;

b). using a mean value of the optical measurement curve or
a derivative of the optical measurement curve over a
predetermined period of time as the characteristic value;

¢). using a characteristic point in time of the optical mea-
surement curve or of a derivative of the optical measure-
ment curve as the characteristic value;
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d). using a characteristic parameter of the optical measure-
ment curve or of a derivative of the optical measurement
curve as the characteristic value;

e). using a fit parameter derived by at least one fitting
process as the characteristic value, wherein the fitting
process implies a fitting of at least one predetermined fit
curve to at least a section of the optical measurement
curve or of a derivative of the optical measurement
curve; and

e). using at least one value derived from a phase plot of at
least two derivatives of different order of the optical
measurement curve as the characteristic value, wherein
the phase plot comprises at least one phase space curve.

17. The method of claim 1, wherein step b) comprises
generating the set of evaluation rules, and wherein generating
of the set of evaluation rules comprising the sub-steps of:

bl). providing a learning set of learning measurement
curves, acquired by using a learning set of learning body
fluids and by monitoring detection reactions of a test
substance and test body fluids, wherein the test body
fluids and the detection reactions are chosen such that
the learning measurement curves are acquired with dif-
fering sets of state variables;

b2). identifying a set of candidate evaluation rules and
deriving a set of candidate characteristic values from the
learning set of learning measurement curves;

b3). determining a correlation between the candidate char-
acteristic values for each candidate evaluation rule and
the state variables; and

b4). selecting the set of evaluation rules from the set of
candidate evaluation rules by accounting for the corre-
lations determined in sub-step b3).

18. A method of characterizing a body fluid sample, the

method comprising the steps of:

A). bringing the body fluid sample into contact with at least
one test substance, thereby initiating a detection reaction
of the test substance and the body fluid sample, wherein
the detection reaction is influenced by a set of state
variables, each state variable characterizing at least one
of a state of the body fluid sample and a condition of the
detection reaction;

B). monitoring a time development of at least one measure-
ment value indicating a progress of the detection reac-
tion, thereby recording an optical measurement curve
containing a plurality of the measurement values
acquired at differing points in time;

C). evaluating the optical measurement curve by using the
method of claim 1.

19. A computer program comprising computer-executable
instructions for performing the method of claim 1 when the
program is executed on a computer or a computer network.

20. A sample analysis device for characterizing a body
fluid sample, the device comprising:

at least one measuring unit for measuring a detection reac-
tion of at least one test substance and at least one body
fluid sample, wherein the detection reaction is known to
be influenced by a set of state variables, each state vari-
able characterizing at least one of a state of the body fluid
sample and a condition of the detection reaction,
wherein the measuring unit is further adapted for moni-
toring a time development of at least one measurement
value indicating a progress of the detection reaction,
thereby recording an optical measurement curve con-
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taining a plurality of the measurement values acquired at
different points in time; and

at least one evaluation device for evaluating an optical

measurement curve for analyzing the at least one body
fluid sample, wherein the device comprises at least one
evaluation unit, and wherein the evaluation unit is
adapted to perform the method of claim 1.

21. The sample analysis device of claim 20 further com-
prising at least one test element, wherein the test element
comprises the at least one test substance adapted to perform
the detection reaction, and wherein the sample analysis
device is adapted so that the body fluid sample is applicable to
the test element.



