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(57) Abrégé/Abstract:

A computer-implemented method for providing a real-time estimate of glycosylated hemoglobin (HbAlc) of a patient from a self-
monitoring blood glucose (SMBG) measurement, and tracking changes in average glycemia of said patient over time is disclosed.
The method includes the steps of; a computer computing a surrogate fasting measurement based on SMBG data received from
the patient; a computer computing a glycation value using the said surrogate fasting measurement in a predetermined glycation
equation; a computer outputting said glycation value as an initial estimate of HbAlc upon initialization of tracking of said patient's
average glycemia; a computer updating said glycation value by using an updated SMBG value in said predetermined glycation
equation, said updated SMBG value being based on a subsequent computed surrogate fasting measurement; and a computer
computing an updated estimate of HbAlc using said initial estimate of HbAlc and said updated glycation value in a predetermined
HbAlc estimation equation.
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(57) Abstract: A computer-implemented method for provid-
ing a real-time estimate of glycosylated hemoglobin (HbAlc)
of a patient from a self-monitoring blood glucose (SMBG)
measurement, and tracking changes in average glycemia of
said patient over time is disclosed. The method includes the
steps of; a computer computing a surrogate fasting measure-
ment based on SMBG data received from the patient; a com-
puter computing a glycation value using the said surrogate
fasting measurement in a predetermined glycation equation; a
computer outputting said glycation value as an initial estimate
of HbAlc upon initialization of tracking of said patient's aver-
age glycemia; a computer updating said glycation value by
using an updated SMBG value in said predetermined glyca-
tion equation, said updated SMBG value being based on a
subsequent computed surrogate fasting measurement; and a
computer computing an updated estimate of HbAlc using said
initial estimate of HbAlc and said updated glycation value in
a predetermined HbAlc estimation equation.
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System And Method For Tracking Changes In Average Glycemia In Diabetics

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Application Serial No. 62/172,522, filed
June 8, 2015, and is related to International Application No. PCT/US2014/017754, filed February 21,
2014, (the national stage of which was entered as U.S. Application Serial No. 14/769,638) which
claims priority from U.S. Provisional Application Serial No. 61/767,451, filed February 21, 2013,

entitled "Tracking Changes in Average Glycemia in Diabetics”.

Background

An approach to real-time estimation of HbAc (hemoglobin Alc or glycated hemoglobin) from
infrequent self-monitoring (SMBG) data was previously disclosed. The method introduced was
designed to track changes in average glycemia and was based on a conceptually new approach to the
retrieval of SMBG using a mathematical model to estimate HbAlc as the measurable aggregated
effect of the action of an underlying dynamical system which translates ambient blood glucose (BG)
levels into HbAlc values through hemoglobin glycation. This model-based approach was adopted
because, while it is generally true that HbA 1c¢ is roughly proportional to the average BG of a person
over the past 2-3 months and a number of linear and nonlinear formulas have been used to describe
this relationship, it is also established that average BG estimated from HbA ¢ using a linear formula
and average BG estimated from SMBG are discordant measures of glycemic control. The
discrepancies have been quantified by the hemoglobin glycation index (HGI, equal to observed
HbA ¢ — predicted HbA 1c), where the prediction is a linear regression formula based on average BG

derived from
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7-point daily profiles collected quarterly, or on average fasting BG. Because the regression
coefficients were study specific, derived from DCCT data in the case of 7-point profiles or from
ACCORD study data in the case of fasting BG, the calculation of the HGI was also study-specific.
Nevertheless, it was determined that DCCT patients in the high-HGI group (those with HbA 1c higher
than the estimate provided by linear regression) had 3 times greater risk of retinopathy and 6 times
greater risk of nephropathy compared with the low-HGI group. Similarly, the reanalysis of the
ACCORD study data determined that higher total mortality in intensively treated patients was
confined to the high-HGI subgroup, and high HGI was associated with a greater risk for hypoglycemia
in the standard and intensive treatment groups. Thus, these studies have confirmed the clinical
significance of the biological variation in HbA1¢ that is not explained by linear models using SMBG
data. It was further concluded that nonlinear dynamics methods should be employed to approximate
HbA 1¢ values instead of proportions based on average BG.

A dynamical tracking algorithm was previously introduced — a new two-step procedure that
computes real-time estimates of HbA1lc (eAlc) from fasting glucose readings, which are updated with
any new incoming fasting SMBG data point. The eAlc is first initialized and then calibrated
periodically with 7-point daily SMBG profiles taken approximately every month. The eAlc algorithm
was developed using training data comprised of daily fasting SMBG readings and monthly 7-point
daily profiles collected by patients with Type 2 diabetes. Then all model parameters were fixed and
the algorithm was applied without further modification to independent test data, also collected in
patients with Type 2 diabetes. The mean absolute relative difference (MARD) - the metric that is
typically used to assess accuracy of any direct measurement or other assessment of unknown analyte

- was <7%.

Date Recue/Date Received 2023-04-18
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Achieving MARD below 7% signified that the method was capable of providing accurate and
precise tracking of changes in average glycemia over time. Specifically, the eAlc algorithm
tracks average glycemia from SMBG data and then derives eAlc values that could be available
daily. The key feature of this approach is that it is capable of working with infrequent SMBG
data typical for type 2 diabetes, e.g. fasting readings on most days and occasional (monthly) 7-
point SMBG profiles. Thus, the eAlc algorithm differed from all previously introduced
techniques by its use of an underlying model that “filled in” the gaps between sparse SMBG

values, thereby allowing continuous tracing of average glycemia.

Summary
The same method is described herein but without any parameter alteration. Specifically,
three new steps are taken:
(1) Reconstruct 7-point daily profiles from non-structured episodic SMBG data; thus eliminating
the need for collecting special profiles, provided that sufficient SMBG readings are available;
(2) Validate the dynamical tracking eAlc algorithm in Type 1 diabetes;
(3) Correlate the results from the eAlc algorithm with the HGI, as previously defined, to gauge
whether eAlc accounts for at least some of the biological variation causing discrepancies

between HbA1c and its linear estimates from SMBG data.

Background:

Previously the ed /c has been introduced- a new approach to real-time tracking of average
glycemia and estimation of HbAlc from infrequent self-monitoring (SMBGQG) data, which was

developed and tested in Type 2 Diabetes. In the present disclosure, ed/c is tested in Type 1
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diabetes and its relationship to the hemoglobin glycation index (HGI), an established predictor of

complications and treatment effect, is assessed.

Methods:

Reanalysis of previously published 12-month data from 120 patients with Type 1 diabetes,
age 39.15(14.35) years; 51/69 males/females; baseline Hb A 1¢=7.99%(1.48), duration of diabetes
20.28(12.92) years;, number SMBG/day=4.69(1.84). Surrogate fasting BG and 7-point daily
profiles were derived from these unstructured SMBG data and the previously reported ed/c
method was applied without any changes. Following the literature, we calculated HGI = HbAlc

— (0.009*Fasting BG + 6.8).

Results:

The correlation of ed/c with reference HbAlc was r=0.75 and its deviation from
reference was MARD= 7.98%, 95% of all e4ic values fell within £20% from reference. The
HGI was well approximated by a linear combination of the e4/c¢ calibration factors: HGI =
0.007552*%0; + 0.007645*%@, — 3.154 (p<0.0001);, 73% of low- vs. moderate-high HGIs were

correctly classified by the same factors as well.

Conclusions:
The ed Ic procedure developed in Type 2 diabetes to track in real time changes in average
glycemia and present the results in HbAlc-equivalent units, has now been validated in Type 1

diabetes. The eAdlc calibration factors are highly predictive of the HGI; thereby explaining
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partially the biological variation causing discrepancies between HbAlc and its linear estimates from
SMBG data.

According to one aspect of the present invention, there is provided a computer-implemented
method for providing a real-time estimate of glycosylated hemoglobin (HbA 1¢) of a patient having
Type 1 diabetes from a self-monitoring blood glucose (SMBG) measurement, and tracking changes
in average glycemia of said patient over time, said method comprising the steps of: computing a
surrogate fasting measurement, based on unstructured SMBG data (a) received from said patient on
each of consecutive days and (b) aggregated according to predefined time bins for said each of
consecutive days when computing said surrogate fasting measurement; computing a glycation value
using said surrogate fasting measurement and a calibration offset in a predetermined glycation
equation, wherein said calibration offset is calculated according to components of a blood glucose
(BG) profile computed from values of said aggregated unstructured SMBG data, such that said BG
profile defines a surrogate BG profile for said patient as against a seven-point SMBG profile therefor;
outputting said glycation value as an initial estimate of HbA 1¢ upon initialization of tracking of said
patient’s average glycemia; updating said glycation value by using an updated SMBG value in said
predetermined glycation equation, said updated SMBG value being based on a subsequent computed
surrogate fasting measurement; computing an updated estimate of HbA1c¢ using said initial estimate
of HbAlc and said updated glycation value in a predetermined HbAlc estimation equation; and
outputting said updated estimate of HbA ¢ to a user.

According to another aspect of the present invention, there is provided a system comprising
one or more processors, one or more computer-readable tangible storage devices, and computer-
executable instructions stored on at least one of said one or more storage devices for execution by one

or more computing devices having at least one of said one or more processors, said computer-
5
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executable instructions comprising: first computer-executable instructions, that when executed by said
one or more computing devices, compute a surrogate fasting measurement, based on unstructured self-
monitoring blood glucose (SMBG) data received on each of consecutive days from a patient having
Type 1 diabetes, said unstructured SMBG data being aggregated according to predefined time bins
for said each of consecutive days when computing said surrogate fasting measurement; second
computer-executable instructions, that when executed by said one or more computing devices,
compute a glycation value using said surrogate fasting measurement and a calibration offset in a
predetermined glycation equation, wherein said calibration offset is calculated according to
components of a blood glucose (BG) profile computed from values of said aggregated unstructured
SMBG data, such that said BG profile defines a surrogate BG profile for said patient as against a
seven-point SMBG profile therefor; third computer-executable instructions, that when executed by
said one or more computing devices, output said glycation value as an initial estimate of glycosylated
hemoglobin (HbAlc) upon initialization of tracking of said patient’s average glycemia; fourth
computer-executable instructions, that when executed by said one or more computing devices, update
said glycation value by using an updated SMBG value in said predetermined glycation equation, said
updated SMBG value being based on a subsequent computed surrogate fasting measurement; fifth
computer-executable instructions, that when executed by said one or more computing devices,
compute an updated estimate of HbAlc using said initial estimate of HbAlc and said updated
glycation value in a predetermined HbAlc estimation equation; and sixth computer-executable
instructions, that when executed by said one or more computing devices, output said updated estimate
of HbAlc to a user.

According to another aspect of the present invention, there is provided a non-transient

computer-readable medium having stored therein computer-executable instructions for providing a
5a
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real-time estimate of glycosylated hemoglobin (HbA 1c) of a patient having Type 1 diabetes from a
self-monitoring blood glucose (SMBG) measurement, and tracking changes in average glycemia of
said patient over time, said instructions being configured for execution in a computing device and
comprising: first computer-executable instructions, that when executed by said computing device,
compute a surrogate fasting measurement, based on unstructured SMBG data received on each of
consecutive days from said patient, said unstructured SMBG data being aggregated according to
predefined time bins for said each of consecutive days when computing said surrogate fasting
measurement; second computer-executable instructions, that when executed by said computing
device, compute a glycation value using said surrogate fasting measurement and a calibration offset
in a predetermined glycation equation, wherein said calibration offset is calculated according to
components of a blood glucose (BG) profile computed from values of said aggregated unstructured
SMBG data, such that said BG profile defines a surrogate BG profile for said patient as against a
seven-point SMBG profile therefor; third computer-executable instructions, that when executed by
said computing device, output said glycation value as an initial estimate of HbA 1¢ upon initialization
of tracking of said patient’s average glycemia; fourth computer-executable instructions, that when
executed by said computing device, update said glycation value by using an updated SMBG value in
said predetermined glycation equation, said updated SMBG value being based on a subsequent
computed surrogate fasting measurement; fifth computer-executable instructions, that when executed
by said computing device, compute an updated estimate of Hb Alc using said initial estimate of HbAlc
and said updated glycation value in a predetermined HbA 1c estimation equation; and sixth computer-
executable instructions, that when executed by said computing device, output said updated estimate

of HbAlc to a user.

5b
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram of an HbAlc error-grid for a dynamic HbA 1¢ tracking procedure, according to
one embodiment.

Figure 2 illustrates a functional block diagram of a system for tracking changes in average glycaemia
in diabetics, according to one embodiment.

Figure 3A illustrates a block diagram of an example computing device.

Figure 3B illustrates an example network system in which embodiments of the example system of
Figure 2 can be implemented.

Figure 4 is a block diagram that illustrates an example system including a computer system and the
associated Internet connection upon which an embodiment of the example system of Figure 2 may
be implemented.

Figure S illustrates an example system in which one or more embodiments of the example system of

Figure 2 can be implemented using a network.

DETAILED DESCRIPTION
METHODS
Data Set:

To validate the eA 1¢ algorithm in Type 1 diabetes we used previously published data collected
by 120 patients over the course of a 12-month behavioral training. As previously described, the
participants in this study had average age 39.15 (SD=14.35) years, there were 51/69 males/females,

the average baseline HbA 1¢ was 7.99% (SD=1 .48), and the average

5¢
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duration of diabetes was 20.28 (SD=12.92) years. Thirty-two percent of these subjects reported
severe hypoglycemia during the year prior to the study, and 47 subjects met the criteria for
hypoglycemia unawareness. During the study, subjects were instructed to perform SMBG 4-5
times per day. As a result, the average number of SMBG readings per person per day was 4.69
(SD=1.84), for a total of 188,219 readings collected during the study. HbA1c was assessed at the
baseline and then approximately every 4 months, yielding 457 HbAlc values used for the
analyses in this manuscript. All HbAlc values were assayed at the University of Virginia
laboratory, thereby eliminating between-lab differences. Ninety-seven subjects completed the
12-month protocol and during the study their HbAlc improved to 7.58% (SD=1.08) as a result of
the behavioral training procedure — an improvement that was entirely accounted for by those
subjects who had baseline HbAlc >= 8.0%. Overall, the behavioral training resulted in
sufficiently large changes in HbAlc to allow for adequate testing of the eAlc procedure in Type

1 diabetes.

The eAlc algorithm used here is identical to the previously presented algorithm that was
developed and tested in Type 2 diabetes. To reiterate, a dynamical model of hemoglobin

glycation and clearance was constructed that corresponded to a first order differential equation:

oHbALc 1, __
— T — — — 1
— - (HBAlc - F(SMBG,)) (1)

where the function f (SMBG),) is a function using self-monitoring data to track glucose exposure
over time. The parameter 7 is fixed at 7=20. The function f (SMBG,) was defined as follows:
F(SMBG,) = MAX(0.99 = (4.756 + 0.0049 = mP,(t) + CalA1lc), 5)
Where:mPy(t) is the average fasting glucose over the past 6 days (current day included) and is
updated every time a new fasting glucose is measured. The function f (SMBG,) was originally
calibrated using data from 7-point SMBG profiles collected approximately every month. The
calibration offset is computed as:
CalAlc = 0.0065 % 6, + 0.0044 * 0,

6
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where @; and & were the principal components of the 7-point profiles derived via standard data
rotation. Because 7-point profiles were not available in the Type 1 diabetes data used here, the
profiles were reconstructed as described below, after which the iterative eAlc procedure

remained the same: First we compute an initial estimate:
eAlc(ty) = f(SMBG,)
Then, we compute daily runtime estimate:
eAlc(t) = 09512 « eAlc(t — 1 day) + 0.0488 = f(SMBG,)

The runtime estimate tracks average glycemia and presents the data in Alc units,

Reconstructing 7-Point Daily Profiles and Fasting BG: While routine SMBG data do not
provide specific information whether a reading is taken before or after meal (which would be
required for a 7-point profile), data density of 4-5 SMBG readings per day, which is typical for
Type 1 diabetes, allows for reconstructing daily profiles taking SMBG readings from several
sequential days as follows: First, the day was split into 6 time bins: (6:00-10:00)-fasting, (10:00-
13:00), (13:00-16:00), (16:00-19:00), (19:00-21:00), (21:00-0:00). Surrogate for daily fasting
glucose was calculated as a 3-day average of SMBG between 6:00-10:00 because these readings
were not available every day. Surrogates for 7-point profiles were computed from a week of data
as follows: pre-breakfast = mean of values falling in the 6:00-10:00 time bin; post-breakfast BG
= maximum BG value in the 10:00-13:00 bin; pre-lunch BG = minimum BG value in that same
time bin. Post-lunch, pre-post dinner, and bedtime values were determined as the averages of the
(13:00-16:00), (16:00-19:00), (19:00-21:00), and (21:00-0:00) time bins, respectively.

The Hemoglobin Glycation Index (HGI) was computed as the difference between
laboratory HbAlc and predicted HbAlc, where for the prediction we used surrogate fasting BG
values and the exact formula previously proposed: Predicted HbAlc = 0.009*Fasting BG + 6.8.
In order to keep the HGI results compatible with literature findings, we did not derive new HGI

formula using a linear regression in this particular data set.

Data Analysis: Accuracy of the estimation procedure was evaluated in the test data set by

computing mean absolute deviation (MAD), MARD, correlation between the estimate ed/c and
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reference HbAlc, and parameters of the distribution of the eAlc estimation error. Correlations

between eAlc and HGI values were computed as well.

RESULTS
Accuracy of eAlc in Type 1 Diabetes: In this data set, the correlation of e4/c with

reference HbAlc was r=0.75, i.e. similar to the correlation previously observed in type 2 diabetes
data. The mean absolute and relative deviations were MAD=0.64 HbAlc units, and MARD=
7.98%. The distribution of estimation errors was as follows: 95% of eA Ic values fell within +
20% from reference and 51% of all edlc values fell within = 7% from reference corresponding
to roughly half of the eAlc values within £ 0.5 HbAlc units of the laboratory value. Figure 1
presents the HbAlc error-grid plot for edlc in Type 1 diabetes data stratified by reference
HbAlc values below 6% and above 10% (open circles 12) and between 6-10% (closed circles
14). A total of 67.66% of all e4/c values fell within 10% from reference HbAlc (A-zone 16) and
95.4% fell within 20% from reference (A+B zones 16 and 18). If limited to a reportable HbAlc
range (6-10%), the accuracy of ed/c was 72.8% (A-zone 16) and 98.6% (A+B zones 16 and 18).
In terms of edlc trend, there was no difference in the distributions of the HbAlc daily rate of
change observed in reference HbAlc values and in e4 /c values, with 95% of all estimated trends
within + 0.02 HbAlc units/day from reference and 81% of all estimated trends within £ 0.01

HbA1lc units/day from reference.

Comparison to established linear methods: To compare the accuracy of eAlc to

established linear formulas, we used two previously published linear approximations: the inverse
of Nathan’s formula translating the A1C assay into estimated average glucose values and the
formula previously introduced by Hempe, which uses only fasting BG readings to estimate

HbAlc. The present inventors kept unchanged the coefficient introduced in the original
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publications and computed MAD, MARD, and correlations with reference HbAlc of eAlc and

the two linear estimates. Table 1 summarizes the results:

eAlc Nathan’s formula Hempe’s formula
MAD 0.64 0.87 1.05
MARD 7.98% 11.40% 14.5%
Correlation 0.75 0.65 0.54

Table 1: comparison of performances between eAlc and static methods based on fasting
glucose

Robustness analysis: Stratifying the data by reference HbA lc, the dynamical method was
most accurate in the 7-8% HbAlc¢ range, with minimal bias and 4.6% MARD, as illustrated in
Table 2. Bias of edlc was mostly below 1% HbAlc and MARD <10%, but for the 9-10
categories, in which we had limited data. Stratifying the data by e4/c and not reporting values
below 6% and above 10% resulted in HbAlc biases between —0.66% and 0.07% and MARDs
between 6.74% and 10.3%. Performance at the initial e4/c for each subject was similar to
overall performance (MARD 8.49% vs. 7.98%; MAD 0.71 vs. 0.65). The larger initial MAD was
not associated with the initial HbAlc values being significantly higher than subsequent values

(7.71% vs. 7.59%, ns).

reference HbAlc ranges 6-7 7-8 8-9 9-10
Number of pairs 136 161 103 33
eAlc 6.4% 4.6% 9.4% 15.3%
MARD | Nathan's
formula 11.1% [ 112% |128% | 11.2%
eAlc 0.42 0.34 0.79 1.44
MAD Nathan's
formula 0.73 0.84 1.07 1.05
eAlc 0.38 -0.11 -0.74 -1.44
Bias Nathan's
f 1

¢Alc ranges
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Number of pairs 129 274 66 1
eAlc 6.7% 8.0% 10.3% | NA
MARD | Nathan's
formula 10.9% 11.0% 139% | NA
eAlc 0.44 0.64 0.99 NA
MAD | Nathan's
formula 0.75 0.85 1.20 NA
eAlc 0.07 -0.31 -0.66 NA
Bias Nathan's
formula -0.65 -0.20 0.44 NA

Table 2: Performance of eAcl and Nathan's formula by HbAlc and eAlc ranges

Relationship between HGI and eAlc: To determine whether the calibration factors of
eAlc can predict the difference between lab HbAlc and Hempe’s linear model, a regression of
HGI was performed with the calibration factors 8, and &, which resulted in a highly significant
linear model (F=158.4, p<0.0001) and Multiple R=0.63 (R*=0.40). This suggests that HGI can
be approximated by the following linear combination of the edlc calibration factors: HGI =
0.007552*% 6, + 0.007645* 68, — 3.154. In addition, the direct correlation between HGI and ed/c
was 0.51, p<0.001. The low vs. moderate-high HGI groups defined by Hempe et al as HGI < -
0.520, vs. HGI > -0.520 were predicted by discriminant analysis using & and &, which resulted
in a highly significant discriminant model (Chi-square=133.1, p<0.0001) and correct overall
classification of 73%. The correct classification of the Low-HGI group was 78.5% and of the
Moderate-High HGI subgroup was 63.4%. We should note that the distribution of low-moderate-
high HGI in this population was different than the distribution in the original paper where these
subgroups were defined by the sample tertiles: here we observed 63%, 18%, 19% low, moderate,
high HGI, respectively. Thus, the biological variation causing discrepancies between HbAlc and
its linear estimates from SMBG data can be at least partially explained by the eAlc calibration

factors.
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DISCUSSION

Without changing a previously reported Dynamical Tracking eAlc Algorithm developed
in a population of people with Type 2 diabetes, the present inventors tested its ability to track
HbAlc in a group of 120 patients with Type 1 Diabetes who were observed over a year as part of
a behavioural intervention study. The present inventors have confirmed that the eAlc procedure
works as designed and produces results similar to those achieved in the original Type 2
population. The slight increase in MARD observed here is attributed to the significant departure
of the structure of the data in hand from the data structure in our original studies. Specifically,
the original algorithm design was based on daily fasting BGs and occasional (monthly) 7-point
BG profiles taken at pre-post meal times and used for calibration of the fasting eAlc trace. Here,
7-point profiles were not available and there was no indication which SMBG readings were
feasting, pre- or post-meal. To compensate for this data deficiency, we reconstructed surrogate
daily profiles using time bins that were for all subjects. The time bins were filled up with
available SMBG readings acquired over 7 consecutive days of observation (3 days for fasting
BG) and were then used in the exact same way as the 7-point profiles of the original algorithm.
In addition to being necessary in this data set, such an approach allows the collection of
structured 7-point daily profiles (which was found inconvenient by some users) to be abandoned
and replaced by appropriate binning of routine SMBG data, provided that sufficient BG readings
are collected to aggregate a profile over time (e.g. 7 days). Moreover, structured “profile days”
would become unnecessary and the profiles can be constructed and tracked on weekly basis.
Given the need for a calibration profile approximately once a month as established by our

original work, we can now speculate that routine SMBG yielding 1 week out of 5 weeks with
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good “profile-grade” data would be sufficient to run the eAlc estimation procedure without
structured profile entries.

Despite the arbitrary interpretation of the available SMBG data, the eAlc procedure held
its accuracy. Thus, the findings of this manuscript can be viewed not only as a validation of the
eAlc estimate in Type 1 diabetes, but also as a test of the robustness of the procedure under
extreme unstructured data conditions. The key to this level of robustness is our conceptually new
approach to the retrieval of SMBG data: using compartmental modelling, we constructed a two-
step algorithm that includes real-time eAlc from fasting glucose readings, updated with any new
incoming fasting SMBG data point, and initialization and calibration of the estimated HbAlc
trace with daily SMBG profiles taken approximately every month. The model was originally
developed using training data, then fixed and applied to independent test data, both of which
were collected in Type 2 diabetes. Now the eAlc is translated without any further changes to
Type 1 diabetes as well.

As in the present inventors’ previous paper, they compared the eAlc procedure to established
linear methods and verified that its accuracy in approximating laboratory HbA 1¢ was still higher.
We took this comparison one step further and evaluated the relationship between eAlc and the
HGI (haemoglobin glycation index) in this population using the original HGI formula and
proposed cutoff points. We found that the two factors used to calibrate the eAlc algorithm are
highly (and equally) related to the HGI. Used in a regression or discriminant predictive models,
these factors resulted not only in statistically significant relationships, but also in 73% accurate
classification rate of low- vs. moderate-high HGI groups. This would suggest that these factors
(which are based on routine SMBG data alone) could be used as surrogate classifiers for low- vs.

moderate-high HGI. Given the clinical significance of the HGI for both prediction of
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complications of diabetes and prediction of the effectiveness of diabetes treatment, the ability to
track HGI state in real time from routine SMBG opens new possibilities for patient assessment
and fine-tuning of treatment aggressiveness. Such an application of the eAlc calibration factors
is consistent with the original intent of the eAlc procedure: it is a method for tracking changes in
average glycemia in-between laboratory HbAlc assessments.

Figure 2 is a high level functional block diagram of an embodiment of a system 110 for
tracking changes in average glycaemia in diabetics.

As shown in Figure 2, a processor or controller 102 communicates with the glucose
monitor or device 101, and optionally the insulin device 100. The glucose monitor or device 101
communicates with the subject 103 to monitor glucose levels of the subject 103. The processor
or controller 102 is configured to perform the required calculations. Optionally, the insulin
device 100 communicates with the subject 103 to deliver insulin to the subject 103. The
processor or controller 102 is configured to perform the required calculations. The glucose
monitor 101 and the insulin device 100 may be implemented as a separate device or as a single
device. The processor 102 can be implemented locally in the glucose monitor 101, the insulin
device 100, or a standalone device (or in any combination of two or more of the glucose monitor,
insulin device, or a stand along device). The processor 102 or a portion of the system can be
located remotely such that the device is operated as a telemedicine device.

Referring to Figure 3A, in its most basic configuration, computing device 144 typically
includes at least one processing unit 150 and memory 146. Depending on the exact
configuration and type of computing device, memory 146 can be volatile (such as RAM), non-
volatile (such as ROM, flash memory, etc.) or some combination of the two.

Additionally, device 144 may also have other features and/or functionality. For example,
the device could also include additional removable and/or non-removable storage including, but
not limited to, magnetic or optical disks or tape, as well as writable electrical storage media.
Such additional storage is the figure by removable storage 152 and non-removable storage 148.
Computer storage media includes volatile and nonvolatile, removable and non-removable media
implemented in any method or technology for storage of information such as computer readable

instructions, data structures, program modules or other data. The memory, the removable
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storage and the non-removable storage are all examples of computer storage media. Computer
storage media includes, but is not limited to, RAM, ROM, EEPROM, flash memory or other
memory technology CDROM, digital versatile disks (DVD) or other optical storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other magnetic storage devices, or any other
medium which can be used to store the desired information and which can accessed by the
device. Any such computer storage media may be part of, or used in conjunction with, the
device.

The device may also contain one or more communications connections 154 that allow the
device to communicate with other devices (e.g. other computing devices). The communications
connections carry information in a communication media. Communication media typically
embodies computer readable instructions, data structures, program modules or other data in a
modulated data signal such as a carrier wave or other transport mechanism and includes any
information delivery media. The term “modulated data signal” means a signal that has one or
more of its characteristics set or changed in such a manner as to encode, execute, or process
information in the signal. By way of example, and not limitation, communication medium
includes wired media such as a wired network or direct-wired connection, and wireless media
such as radio, RF, infrared and other wireless media. As discussed above, the term computer
readable media as used herein includes both storage media and communication media.

In addition to a stand-alone computing machine, embodiments of the invention can also
be implemented on a network system comprising a plurality of computing devices that are in
communication with a networking means, such as a network with an infrastructure or an ad hoc
network. The network connection can be wired connections or wireless connections. As a way
of example, Figure 3B illustrates a network system 300 in which embodiments of the example
system 110 can be implemented. In this example, the network system comprises computer 156
(e.g. a network server), network connection means 158 (e.g. wired and/or wireless connections),
computer terminal 160, and PDA (e.g. a smart-phone) 162 (or other handheld or portable device,
such as a cell phone, laptop computer, tablet computer, GPS receiver, mp3 player, handheld
video player, pocket projector, etc. or handheld devices (or non portable devices) with
combinations of such features). In an embodiment, it should be appreciated that the module
listed as 156 may be glucose monitor device. In an embodiment, it should be appreciated that

the module listed as 156 may be a glucose monitor device and/or an insulin device. Any of the

14



10

15

20

25

30

ca 03027019 2018~12-07

WO 2016/200970 PCT/US2016/036481

components shown or discussed with Figure 3B may be multiple in number. The embodiments
of the invention can be implemented in anyone of the devices of the system. For example,
execution of the instructions or other desired processing can be performed on the same
computing device that is anyone of 156, 160, and 162. Alternatively, an embodiment of the
invention can be performed on different computing devices of the network system. For example,
certain desired or required processing or execution can be performed on one of the computing
devices of the network (e.g. server 186 and/or glucose monitor device), whereas other processing
and execution of the instruction can be performed at another computing device (e.g. terminal
160) of the network system, or vice versa. In fact, certain processing or execution can be
performed at one computing device (e.g. server 156 and/or glucose monitor device); and the
other processing or execution of the instructions can be performed at different computing devices
that may or may not be networked. For example, the certain processing can be performed at
terminal 160, while the other processing or instructions are passed to device 162 where the
instructions are executed. This scenario may be of particular value especially when the PDA 162
device, for example, accesses to the network through computer terminal 160 (or an access point
in an ad hoc network). For another example, software to be protected can be executed, encoded
or processed with one or more embodiments of the invention. The processed, encoded or
executed software can then be distributed to customers. The distribution can be in a form of
storage media (e.g. disk) or electronic copy.

Figure 4 is a block diagram that illustrates a system 130 including a computer system
140 and the associated Internet 11 connection upon which an embodiment of the example system
110 may be implemented. Such configuration is typically used for computers (hosts) connected
to the Internet 11 and executing a server or a client (or a combination) software. A source
computer such as laptop, an ultimate destination computer and relay servers, for example, as well
as any computer or processor described herein, may use the computer system configuration and
the Internet connection shown in Figure 4. The system 140 may be used as a portable electronic
device such as a notebook/laptop computer, a media player (e.g., MP3 based or video player), a
cellular phone, a Personal Digital Assistant (PDA), a glucose monitor device, an insulin delivery
device, an image processing device (e.g., a digital camera or video recorder), and/or any other
handheld computing devices, or a combination of any of these devices. Note that while Figure 4

illustrates various components of a computer system, it is not intended to represent any particular
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architecture or manner of interconnecting the components; as such details are not germane to the
present invention. It will also be appreciated that network computers, handheld computers, cell
phones and other data processing systems which have fewer components or perhaps more
components may also be used. The computer system of Figure 4 may, for example, be an Apple
Macintosh computer or Power Book, or an IBM compatible PC. Computer system 140 includes
a bus 137, an interconnect, or other communication mechanism for communicating information,
and a processor 138, commonly in the form of an integrated circuit, coupled with bus 137 for
processing information and for executing the computer executable instructions. Computer system
140 also includes a main memory 134, such as a Random Access Memory (RAM) or other
dynamic storage device, coupled to bus 137 for storing information and instructions to be
executed by processor 138.

Main memory 134 also may be used for storing temporary variables or other intermediate
information during execution of instructions to be executed by processor 138. Computer system
140 further includes a Read Only Memory (ROM) 136 (or other non-volatile memory) or other
static storage device coupled to bus 137 for storing static information and instructions for
processor 138. A storage device 13§, such as a magnetic disk or optical disk, a hard disk drive
for reading from and writing to a hard disk, a magnetic disk drive for reading from and writing to
a magnetic disk, and/or an optical disk drive (such as DVD) for reading from and writing to a
removable optical disk, is coupled to bus 137 for storing information and instructions. The hard
disk drive, magnetic disk drive, and optical disk drive may be connected to the system bus by a
hard disk drive interface, a magnetic disk drive interface, and an optical disk drive interface,
respectively. The drives and their associated computer-readable media provide non-volatile
storage of computer readable instructions, data structures, program modules and other data for
the general purpose computing devices. Typically computer system 140 includes an Operating
System (OS) stored in a non-volatile storage for managing the computer resources and provides
the applications and programs with an access to the computer resources and interfaces. An
operating system commonly processes system data and user input, and responds by allocating
and managing tasks and internal system resources, such as controlling and allocating memory,
prioritizing system requests, controlling input and output devices, facilitating networking and
managing files. Non-limiting examples of operating systems are Microsoft Windows, Mac OS X,

and Linux.
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The term "processor” is meant to include any integrated circuit or other electronic device
(or collection of devices) capable of performing an operation on at least one instruction including,
without limitation, Reduced Instruction Set Core (RISC) processors, CISC microprocessors,
Microcontroller Units (MCUs), CISC-based Central Processing Units (CPUs), and Digital Signal
Processors (DSPs). The hardware of such devices may be integrated onto a single substrate (e.g.,
silicon "die"), or distributed among two or more substrates. Furthermore, various functional
aspects of the processor may be implemented solely as software or firmware associated with the
processor.

Computer system 140 may be coupled via bus 137 to a display 131, such as a Cathode
Ray Tube (CRT), a Liquid Crystal Display (LCD), a flat screen monitor, a touch screen monitor
or similar means for displaying text and graphical data to a user. The display may be connected
via a video adapter for supporting the display. The display allows a user to view, enter, and/or
edit information that is relevant to the operation of the system. An input device 132, including
alphanumeric and other keys, is coupled to bus 137 for communicating information and
command selections to processor 138. Another type of user input device is cursor control 133,
such as a mouse, a trackball, or cursor direction keys for communicating direction information
and command selections to processor 138 and for controlling cursor movement on display 131.
This input device typically has two degrees of freedom in two axes, a first axis (e.g., x) and a
second axis (e.g., y), that allows the device to specify positions in a plane.

The computer system 140 may be used for implementing the methods and techniques
described herein. According to one embodiment, those methods and techniques are performed
by computer system 140 in response to processor 138 executing one or more sequences of one or
more instructions contained in main memory 134. Such instructions may be read into main
memory 134 from another computer-readable medium, such as storage device 135. Execution of
the sequences of instructions contained in main memory 134 causes processor 138 to perform the
process steps described herein. In alternative embodiments, hard-wired circuitry may be used in
place of or in combination with software instructions to implement the arrangement. Thus,
embodiments of the invention are not limited to any specific combination of hardware circuitry
and software.

The term "computer-readable medium" (or "machine-readable medium") as used herein

is an extensible term that refers to any medium or any memory, that participates in providing
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instructions to a processor, (such as processor 138) for execution, or any mechanism for storing
or transmitting information in a form readable by a machine (e.g., a computer). Such a medium
may store computer-executable instructions to be executed by a processing element and/or
control logic, and data which is manipulated by a processing element and/or control logic, and
may take many forms, including but not limited to, non-volatile medium, volatile medium, and
transmission medium. Transmission media includes coaxial cables, copper wire and fiber optics,
including the wires that comprise bus 137. Transmission media can also take the form of acoustic
or light waves, such as those generated during radio-wave and infrared data communications, or
other form of propagated signals (e.g., carrier waves, infrared signals, digital signals, etc.).
Common forms of computer-readable media include, for example, a floppy disk, a flexible disk,
hard disk, magnetic tape, or any other magnetic medium, a CD-ROM, any other optical medium,
punch-cards, paper-tape, any other physical medium with patterns of holes, a RAM, a PROM,
and EPROM, a FLASH-EPROM, any other memory chip or cartridge, a carrier wave as
described hereinafter, or any other medium from which a computer can read.

Various forms of computer-readable media may be involved in carrying one or more
sequences of one or more instructions to processor 138 for execution. For example, the
instructions may initially be carried on a magnetic disk of a remote computer. The remote
computer can load the instructions into its dynamic memory and send the instructions over a
telephone line using a modem. A modem local to computer system 140 can receive the data on
the telephone line and use an infra-red transmitter to convert the data to an infra-red signal. An
infra-red detector can receive the data carried in the infra-red signal and appropriate circuitry can
place the data on bus 137. Bus 137 carries the data to main memory 134, from which processor
138 retrieves and executes the instructions. The instructions received by main memory 134 may
optionally be stored on storage device 135 either before or after execution by processor 138.

Computer system 140 also includes a communication interface 141 coupled to bus 137,
Communication interface 141 provides a two-way data communication coupling to a network
link 139 that is connected to a local network 111, For example, communication interface 141
may be an Integrated Services Digital Network (ISDN) card or a modem to provide a data
communication connection to a corresponding type of telephone line. As another non-limiting
example, communication interface 141 may be a local area network (ILAN) card to provide a data

communication connection to a compatible LAN. For example, Ethernet based connection based
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on IEEE802.3 standard may be used such as 10/100BaseT, 1000BaseT (gigabit Ethemet), 10 gigabit
Ethemet (10 GE or 10 GbE or 10 GigE per IEEE Std 802.3ae-2002 as standard), 40 Gigabit Ethemet
(40 GbE), or 100 Gigabit Ethernet (100 GbE as per Ethemet standard IEEE P802.3ba), as described
in Cisco Systems, Inc. Publication number 1-587005-001-3 (6/99), "Internetworking Technologies
Handbook", Chapter 7: "Ethemet Technologies”, pages 7-1 to 7-38. In such a case, the
communication interface 141 typically include a LAN transceiver or a modem, such as Standard
Microsystems Corporation (SMSC) LAN91C111 10/100 Ethernet transceiver described in the
Standard Microsystems Corporation (SMSC) data-sheet "LAN91C111 10/100 Non-PCI Ethemet
Single Chip MAC+PHY" Data-Sheet, Rev. 15 (02-20-04).

Wireless links may also be implemented. In any such implementation, communication

interface 141 sends and receives electrical, electromagnetic or optical signals that carry digital data
streams representing various types of information.
Network link 139 typically provides data communication through one or more networks to other data
devices. For example, network link 139 may provide a connection through local network 111 to a
host computer or to data equipment operated by an Internet Service Provider (ISP) 142. ISP 142 in
turn provides data communication services through the world wide packet data communication
network Internet 11. Local network 111 and Internet 11 both use electrical, electromagnetic or optical
signals that carry digital data streams. The signals through the various networks and the signals on
the network link 139 and through the communication interface 141, which carry the digital data to
and from computer system 140, are exemplary forms of carrier waves transporting the information.

A received code may be executed by processor 138 as it is received, and/or stored in storage
device 135, or other non-volatile storage for later execution. In this manner, computer system 140
may obtain application code in the form of a carrier wave.

The concept of real-time estimation of HBA 1¢ from self-monitoring data has been developed.
The concept of testing edlc in Type 1 diabetes and assessing its relationship to the hemoglobin
glycation index (HGI) has been established. = As seen from the algorithm and methodology
requirements discussed herein, the procedure is readily applicable into devices with limited processing

power, such as hoe SMBG meters, and may be implemented and utilized with
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the related processors, networks, computer systems, internet, and components and functions
according to the schemes disclosed herein,

Figure 5 illustrates a system in which one or more embodiments of the example system
110 can be implemented using a network, or portions of a network or computers. However, it
should be appreciated that, in an example embodiment, a glucose device may be practiced
without a network.

Figure 5 diagrammatically illustrates an exemplary system 500 in which examples of the
system 110 can be implemented. In an embodiment the glucose monitor may be implemented by
the subject (or patient) locally at home or other desired location. However, in an alternative
embodiment it may be implemented in a clinic setting or assistance setting. For instance,
referring to Figure 5, a clinic setup 158 provides a place for doctors (e.g. 164) or
clinician/assistant to diagnose patients (e.g. 159) with diseases related with glucose and related
diseases and conditions. A glucose monitoring device 10 can be used to monitor and/or test the
glucose levels of the patient—as a standalone device. It should be appreciated that while only
glucose monitor device 10 is shown in the figure, the system of the invention and any component
thereof may be used in the manner depicted by Figure 5. The system or component may be
affixed to the patient or in communication with the patient as desired or required. For example
the system or combination of components thereof - including a glucose monitor device 10 (or
other related devices or systems such as a controller, and/or an insulin pump, or any other desired
or required devices or components) - may be in contact, communication or affixed to the patient
through tape or tubing (or other medical instruments or components) or may be in
communication through wired or wireless connections. Such monitor and/or test can be short
term (e.g. clinical visit) or long term (e.g. clinical stay or family). The glucose monitoring
device outputs can be used by the doctor (clinician or assistant) for appropriate actions, such as
insulin injection or food feeding for the patient, or other appropriate actions or modeling.
Alternatively, the glucose monitoring device output can be delivered to computer terminal 168
for instant or future analyses. The delivery can be through cable or wireless or any other suitable
medium. The glucose monitoring device output from the patient can also be delivered to a
portable device, such as PDA 166. The glucose monitoring device outputs with improved

accuracy can be delivered to a glucose monitoring center 172 for processing and/or analyzing.
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Such delivery can be accomplished in many ways, such as network connection 170, which can
be wired or wireless.

In addition to the glucose monitoring device outputs, errors, parameters for accuracy
improvements, and any accuracy related information can be delivered, such as to computer 168,
and / or glucose monitoring center 172 for performing error analyses. This can provide a
centralized accuracy monitoring, modeling and/or accuracy enhancement for glucose centers,
due to the importance of the glucose sensors,

Examples of the invention can also be implemented in a standalone computing device
associated with the target glucose monitoring device. An exemplary computing device (or
portions thereof) in which examples of the invention can be implemented is schematically
illustrated in Figure 3A.

CONCLUSIONS

The eAlc procedure developed in Type 2 diabetes to track in real time changes in

average glycemia and present the results in HbAlc-equivalent units has now been validated in
Type 1 diabetes. In the process, two new findings have emerged, such as but not limited thereto:
(1) Appropriate aggregation of routine SMBG data into time bins would eliminate the need for
taking structured 7-point SMBG profiles once a month, and (2) The calibration factors of the
eAlc estimation procedure are highly predictive of the Hemoglobin Glycation Index, which

opens possibilities for tracking the clinically-relevant HGI in real time as well,
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CLAIMS:

1. A computer-implemented method for providing a real-time estimate of glycosylated
hemoglobin (HbA 1c) of a patient having Type 1 diabetes from a self-monitoring blood glucose
(SMBG) measurement, and tracking changes in average glycemia of said patient over time, said

method comprising the steps of:

computing a surrogate fasting measurement, based on unstructured SMBG data (a) received
from said patient on each of consecutive days and (b) aggregated according to predefined time bins

for said each of consecutive days when computing said surrogate fasting measurement;

computing a glycation value using said surrogate fasting measurement and a calibration
offset in a predetermined glycation equation, wherein said calibration offset is calculated according
to components of a blood glucose (BG) profile computed from values of said aggregated
unstructured SMBG data, such that said BG profile defines a surrogate BG profile for said patient as
against a seven-point SMBG profile therefor;

outputting said glycation value as an initial estimate of HbA 1¢ upon initialization of tracking

of said patient’s average glycemia;

updating said glycation value by using an updated SMBG value in said predetermined
glycation equation, said updated SMBG value being based on a subsequent computed surrogate

fasting measurement;

computing an updated estimate of HbA 1c using said initial estimate of HbA 1c and said

updated glycation value in a predetermined HbA 1¢ estimation equation; and
outputting said updated estimate of HbA 1¢ to a user.

2. The computer-implemented method of claim 1, wherein said step of computing a surrogate
fasting measurement comprises computing an average of SMBG data received during a defined time

of day over a defined range of days.
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3. The computer-implemented method of claim 2, wherein said defined time of day comprises
between 6:00 and 10:00.

4. The computer-implemented method of claim 2, wherein said defined range of days

comprises 3 days.
5. The computer-implemented method of claim 1, further comprising the steps of*
updating said updated estimate of HbA lc by:

using a subsequent updated SMBG value in said predetermined glycation
equation based on a further subsequent computed surrogate fasting measurement to

compute a further updated glycation value; and

computing a further updated estimate of HbA 1c¢ using a last updated estimate
of HbA1c and said further updated glycation value in said predetermined HbA lc

estimation equation; and
outputting said further updated estimate of HbAlc to a user.

6. The computer-implemented method of claim 5, wherein said predetermined glycation

equation is given by:
f(SMBG,) = MAX(0.99 % (4.756 + 0.0049 * mP,(t) + CalAlc),5)

where mP, (t) is the average surrogate fasting glucose over a predetermined period of time

and is updated every time a new surrogate fasting glucose measurement is computed;

where CalAlc is said calibration offset;
said initial estimate of HbAlc is given by eAlc(t,) = f(SMBG,,); and

said updated estimate of HbA lc is given by
eAlc(t) = 0.9512 x eAlc(t — 1day) + 0.0488 * f(SMBG,).
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7. The computer-implemented method of claim 6, wherein
CalAlc = 0.0065 = 8, + 0.0044 = 6,, and wherein 8, and 8, are said components in said BG

profile of said patient, said components being predefined.

8. The computer-implemented method of claim 7, wherein said BG profile is computed by
using compartmental modelling to aggregate said unstructured SMBG data into said predefined time

bins.

9. The computer-implemented method of claim 8, wherein said predefined time bins comprise
6:00-10:00, 10:01-13:00, 13:01-16:00, 16:01-19:00, 19:01-21:00, and 21:01-23:59.

10.  The computer-implemented method of claim 9, wherein said BG profile is computed by:

computing the mean of values in the 6:00-10:00 time bin to determine a pre-breakfast

surrogate for a seven-point pre-breakfast SMBG value;

identifying the maximum value in said 10:01-13:00 time bin to determine a post-breakfast

surrogate for a seven-point post-breakfast SMBG value;

identifying the minimum value in said 10:01-13:00 time bin to determine a pre-lunch

surrogate for a seven point pre-lunch SMBG value;

computing the mean of values in said 13:01-16:00 time bin to determine a post-lunch

surrogate for a seven-point post-lunch SMBG value;

computing the mean of values in said 16:01-19:00 time bin to determine a pre-dinner

surrogate for a seven-point pre-dinner SMBG value;

computing the mean of values in said 19:01-21:00 time bin to determine a post-dinner

surrogate for a seven-point post-dinner SMBG value; and

computing the mean of values in said 21:01-23:59 time bin to determine a bedtime surrogate

for a seven-point bedtime SMBG value.
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11. A system comprising one or more processors, one or more computer-readable tangible
storage devices, and computer-executable instructions stored on at least one of said one or more
storage devices for execution by one or more computing devices having at least one of said one or

more processors, said computer-executable instructions comprising:

first computer-executable instructions, that when executed by said one or more computing
devices, compute a surrogate fasting measurement, based on unstructured self-monitoring blood
glucose (SMBG) data received on each of consecutive days from a patient having Type 1 diabetes,
said unstructured SMBG data being aggregated according to predefined time bins for said each of

consecutive days when computing said surrogate fasting measurement;

second computer-executable instructions, that when executed by said one or more computing
devices, compute a glycation value using said surrogate fasting measurement and a calibration offset
in a predetermined glycation equation, wherein said calibration offset is calculated according to
components of a blood glucose (BG) profile computed from values of said aggregated unstructured
SMBG data, such that said BG profile defines a surrogate BG profile for said patient as against a
seven-point SMBG profile therefor;

third computer-executable instructions, that when executed by said one or more computing
devices, output said glycation value as an initial estimate of glycosylated hemoglobin (HbA1c) upon

initialization of tracking of said patient’s average glycemia;

fourth computer-executable instructions, that when executed by said one or more computing
devices, update said glycation value by using an updated SMBG value in said predetermined
glycation equation, said updated SMBG value being based on a subsequent computed surrogate

fasting measurement;

fifth computer-executable instructions, that when executed by said one or more computing
devices, compute an updated estimate of HbA 1c using said initial estimate of HbAlc and said

updated glycation value in a predetermined HbA 1¢ estimation equation; and

sixth computer-executable instructions, that when executed by said one or more computing

devices, output said updated estimate of HbA 1c to a user.
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12.  The system of claim 11, wherein said first computer-executable instructions, when executed
by said one or more computing devices, compute a surrogate fasting measurement by computing an

average of SMBG data received during a defined time of day over a defined range of days.

13.  The system of claim 12, wherein said defined time of day comprises between 6:00 and
10:00.

14.  The system of claim 12, wherein said defined range of days comprises 3 days.

15.  The system of claim 11, further comprising seventh computer-executable instructions, that

when executed by said one or more computing devices, update said updated estimate of HbAlc by:

using a subsequent updated SMBG value in said predetermined glycation equation based on
a further subsequent computed surrogate fasting measurement to compute a further updated

glycation value; and

computing a further updated estimate of HbA1c using a last updated estimate of HbAlc and

said further updated glycation value in said predetermined HbA 1¢ estimation equation.
16.  The system of claim 15, wherein said predetermined glycation equation is given by:

F(SMBG,) = MAX(0.99 * (4.756 + 0.0049 * mP,(t) + CalA1lc),5)

where mP,(t) is the average surrogate fasting glucose over a predetermined period of time

and is updated every time a new surrogate fasting glucose measurement is computed;

where CalAlc is said calibration offset;
said initial estimate of HbAlc is given by eAlc(t,) = f (SMBGtO); and

said updated estimate of HbA 1c is given by
eAlc(t) = 0.9512  eAlc(t — 1 day) + 0.0488 = f(SMBG,).
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17.  The system of claim 16, wherein
CalAlc = 0.0065 = 8, + 0.0044 = 6,, and wherein 8, and 0, are said components in said
computed BG profile of said patient, said components being predefined.

18.  The system of claim 17, further comprising eighth computer-executable instructions, that
when executed by said one or more computing devices, compute said BG profile by using

compartmental modelling to aggregate said unstructured SMBG data into said predefined time bins.

19.  The system of claim 18, wherein said predefined time bins comprise 6:00-10:00, 10:01-
13:00, 13:01-16:00, 16:01-19:00, 19:01-21:00, and 21:01-23:59.

20.  The system of claim 19, wherein said eighth computer-executable instructions, when

executed by said one or more computing devices, compute said BG profile by:

computing the mean of values in said 6:00-10:00 time bin to determine a pre-breakfast

surrogate for a seven-point pre-breakfast SMBG value;

identifying the maximum value in said 10:01-13:00 time bin to determine a post-breakfast

surrogate for a seven-point post-breakfast SMBG value;

identifying the minimum value in said 10:01-13:00 time bin to determine a pre-lunch

surrogate for a seven-point pre-lunch SMBG value;

computing the mean of values in said 13:01-16:00 time bin to determine a post-lunch

surrogate for a seven-point post-lunch SMBG value;

computing the mean of values in said 16:01-19:00 time bin to determine a pre-dinner

surrogate for a seven-point pre-dinner blood-glucose SMBG value;

computing the mean of values in said 19:01-21:00 time bin to determine a post-dinner

surrogate for a seven-point post-dinner SMBG value; and

computing the mean of values in said 21:01-23:59 time bin to determine a bedtime surrogate

for a seven-point bedtime blood-glucose SMBG value.
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21. A non-transient computer-readable medium having stored therein computer-executable
instructions for providing a real-time estimate of glycosylated hemoglobin (HbA1c) of a patient
having Type 1 diabetes from a self-monitoring blood glucose (SMBG) measurement, and tracking
changes in average glycemia of said patient over time, said instructions being configured for

execution in a computing device and comprising:

first computer-executable instructions, that when executed by said computing device,
compute a surrogate fasting measurement, based on unstructured SMBG data received on each of
consecutive days from said patient, said unstructured SMBG data being aggregated according to
predefined time bins for said each of consecutive days when computing said surrogate fasting

measurement;

second computer-executable instructions, that when executed by said computing device,
compute a glycation value using said surrogate fasting measurement and a calibration offset in a
predetermined glycation equation, wherein said calibration offset is calculated according to
components of a blood glucose (BG) profile computed from values of said aggregated unstructured
SMBG data, such that said BG profile defines a surrogate BG profile for said patient as against a
seven-point SMBG profile therefor;

third computer-executable instructions, that when executed by said computing device, output
said glycation value as an initial estimate of HbA 1c upon initialization of tracking of said patient’s

average glycemia;

fourth computer-executable instructions, that when executed by said computing device,
update said glycation value by using an updated SMBG value in said predetermined glycation
equation, said updated SMBG value being based on a subsequent computed surrogate fasting

measurement;

fifth computer-executable instructions, that when executed by said computing device,
compute an updated estimate of HbA 1¢ using said initial estimate of HbA 1c and said updated

glycation value in a predetermined HbA1c estimation equation; and
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sixth computer-executable instructions, that when executed by said computing device, output

said updated estimate of HbA1c to a user.

22.  The non-transient computer-readable medium of claim 21, wherein said first computer-
executable instructions, when executed by said computing device, compute a surrogate fasting
measurement by computing an average of SMBG data received during a defined time of day over a

defined range of days.

23.  The non-transient computer-readable medium of claim 22, wherein said defined time of day

comprises between 6:00 and 10:00.

24.  The non-transient computer-readable medium of claim 22, wherein said defined range of

days comprises 3 days.

25.  The non-transient computer-readable medium of claim 21, further comprising seventh
computer-executable instructions, that when executed by said computing device, update said

updated estimate of HbA 1¢ by:

using a subsequent updated SMBG value in said predetermined glycation equation based on
a further subsequent computed surrogate fasting measurement to compute a further updated

glycation value; and

computing a further updated estimate of HbAlc using a last updated estimate of HbA1c and

said further updated glycation value in said predetermined HbA 1¢ estimation equation.

26.  The non-transient computer-readable medium of claim 25, wherein said predetermined

glycation equation is given by:
f(SMBG,) = MAX(0.99 % (4.756 + 0.0049 * mP,(t) + CalAlc),5)

where mP, (t) is the average surrogate fasting glucose over a predetermined period of time

and is updated every time a new surrogate fasting glucose measurement is computed;

where CalA1lc is said calibration offset;
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said initial estimate of HbAlc is given by eAlc(t,) = f(SMBG,,); and

said updated estimate of HbA 1c is given by
eAlc(t) = 0.9512 x eAlc(t — 1day) + 0.0488 * f(SMBG,).

27.  The non-transient computer-readable medium of claim 26, wherein
CalAlc = 0.0065 * 6, + 0.0044 * 6,, and wherein 6; and 6, are said components in said

computed BG profile of said patient, said components being predefined.

28.  The non-transient computer-readable medium of claim 27, further comprising eighth
computer-executable instructions, that when executed by said computing device, compute said BG
profile by using compartmental modelling to aggregate said unstructured SMBG data into said

predefined time bins.

29.  The non-transient computer-readable medium of claim 28, wherein said predefined time bins
comprise 6:00-10:00, 10:01-13:00, 13:01-16:00, 16:01-19:00, 19:01-21:00, and 21:01-23:59.

30.  The non-transient computer-readable medium of claim 29, wherein said eighth computer-

executable instructions, when executed by said computing device, compute said BG profile by:

computing the mean of values in said 6:00-10:00 time bin to determine a pre-breakfast

surrogate for a seven-point pre-breakfast SMBG value;

identifying the maximum value in said 10:01-13:00 time bin to determine a post-breakfast

surrogate for a seven-point post-breakfast SMBG value;

identifying the minimum value in said 10:01-13:00 time bin to determine a pre-lunch

surrogate for a seven-point pre-lunch SMBG value;

computing the mean of values in said 13:01-16:00 time bin to determine a post-lunch

surrogate for a seven-point post-lunch SMBG value;

computing the mean of values in said 16:01-19:00 time bin to determine a pre-dinner

surrogate for a seven-point pre-dinner SMBG value;
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computing the mean of values in said 19:01-21:00 time bin to determine a post-dinner

surrogate for a seven-point post-dinner SMBG value; and

computing the mean of values in said 21:01-23:59 time bin to determine a bedtime surrogate

for a seven-point bedtime SMBG value.
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