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ABSTRACT 

Presented herein are one or more software applications to 
help a user manager their diabetes. Embodiments and 
descriptions of the various applications are provided below in 
conjunction with an analyte measurement device. 
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4 Glucose control targets achieved for hypoglycemia, variability and mean 
glucose expOSure. 
Reduce mean glucose exposure. A. Both Day and Night above target. 

i. Day = Night 
ii. Night > Day 
iii. Day > Night 

B. Night only above target. 
C. Day only above target. 

Reduce glucose volatility. A. Both Day and Night above target. 
B. Night only above target. 
C. Day only above target. 

Reduce hypoglycemia. A. Both Day and Night above target. 
B. Night only above target. 
C. Day only above target. 

Increase glucose monitoring. Insufficient monitoring is available to assess 
COntrol level. 

FIG. 2 
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Overview 
Program Flow 

Attach device 
to PC Data Upload 

(background) 

Data Entry Prompts - inputs to Data Analysis 

Patient Therapy Recent A1C 
Confirmation Confirmation Test Entry 

Prompt Prompt Prompt 
(foreground) (foreground) (foreground) 

All pre-analyses data inputs gathered 

Data Analysis All guided question and therapy considerations generated 
(background) 

Data Entry Prompts - Unguided Questions (answers do not impact analysis) 

Unguided Unguided Unguided 
Ouestion #1 Ouestion #2 Ouestion #3 
(foreground) (foreground) (foreground) 

Interactive 
Analysis Report 
"Dashboard" Data Entry "Populo"Windows 

Report Editing 

TBD 
o A. Selected Therapy 

E Modification. HCP order Unstructured Text "Dashboard" Entry 
Drill Down"Popup"Windows Entry 

------- -- - - - - - - - 

9 TBD 

Episode Current Therapy Selected Therapy 
AGP Calendar Structured Field Modifications: 
Report Structured Text/Field 

Editing (TBD) 

Daily Legend 
Summary 
Report 

Pie Chart 
Report -> Non-Expert and Expert Path 

> Expert Path 

FIG 16 
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. Define episodes using 
Clinical Criteria 

. Collect details of episodes 

. Find and allocate episodes 
over monitoring period 

... lodentify patterns using 
Statistical Criteria 

. Report findings 

FIG. 17 
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(sorting is based 1st of Deviation, then on chi-squared) 

Observed EXOect HVOO Day R (C E. Hypo Rate Deviation Chi-squared 
(count) 

FIG. 20 
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INPUT INPUT OUTPUTS OUTPUTS OUTPUTS 

Go to next treatment stage 2Drug Start 
"Safe to Titrate"Zone Met Adj 

At max Met dose 2Drud Start 
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Out of target for 3 mos? 3Drud Start 
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FIG. 44 
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FEEDBACK FROM CLOUD ORHCP TO 
PAYER OR PATIENT VIA METER OR CELL 

PHONE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001 Pursuant to 35 U.S.C. S 119(e), this application 
claims priority to U.S. Provisional Application No. 61/442, 
085 filed on Feb. 11, 2011, and U.S. Provisional Application 
No. 61/486,117 filed on May 13, 2011, the disclosures of 
which are herein incorporated by reference in their entirety. 
0002 This application is related to U.S. Provisional Patent 
Application No. 61/442,063 filed on Feb. 11, 2011; U.S. 
Provisional Application No. 61/442,092 filed on Feb. 11, 
2011; U.S. Provisional Application No. 61/485,840 filed on 
May 13, 2011; U.S. Provisional Application No. 61/442,093 
filed on Feb. 11, 2011, and Application No. 61/442,097 filed 
on Feb. 11, 2011, the disclosures of which are all incorporated 
herein by reference in their entirety and for all purposes. 

BACKGROUND OF THE INVENTION 

0003 1. The Field of the Invention 
0004. The present invention relates to analyte measure 
ment systems. More specifically, the present invention relates 
to a diabetes management system. 
0005 2. Background 
0006. One tool used in diabetes management is an analyte 
meter. Ananalyte meteris typically used to measure the blood 
glucose level of a user based on a sample of blood. The 
process of using an analyte meter is not complicated, and is 
often performed several times a day. First, the user inserts an 
analyte test strip into a test strip port of the meter. The user 
then lances her finger to obtain a small sample of blood. The 
blood sample is then placed onto the analyte test strip, and the 
meter analyzes the blood sample. The meter then typically 
displays a blood glucose level from the analysis. 
0007 Continuous Glucose Monitoring (CGM) systems 
are also used to manage diabetes and to collect data. A CGM 
system consists of a glucose-detecting sensor embedded in 
the interstitial layer beneath the epidermis, and an apparatus 
to receive and store glucose values. CGM systems have the 
advantage of collecting data on a regular basis, every 10 
minutes for example, continuously for the lifetime of the 
sensor. This typically ranges from several days to one week. 
Much more data is collected, and there is 24-hour coverage. 
0008. The conventional method for providing analysis 
tools to help health care providers (HCPs) and patients absorb 
and understand glucose and other diabetes data has been to 
provide software that generates different graphs for HCPs and 
patients to review and consider. Unfortunately, the providing 
of graphs is lacking in that it is time consuming and requires 
a high level of expertise to be effective. What is needed is a 
system that processes data based on clinical standards and 
provides expert therapy decisions and Support guidance. 

BRIEF DESCRIPTION OF THE FIGURES 

0009. The accompanying drawings, which are incorpo 
rated herein, form part of the specification. Together with this 
written description, the drawings further serve to explain the 
principles of, and to enable a person skilled in the relevant 
art(s), to make and use the present invention. 

Mar. 27, 2014 

0010 FIG. 1 provides a front-side view of handheld ana 
lyte measurement device in accordance with certain embodi 
ments presented herein. 
0011 FIG. 2 illustrates a glucose control level triage scale. 
0012 FIG.3 shows a glucose control grid: Hypoglycemia 
vs. Mean Glucose Exposure. 
0013 FIG. 4 shows a glucose control grid: Mean Glucose 
Exposure vs. Volatility. 
0014 FIG. 5 provides a mean and standard deviation 
graph of hourly 10th percentile of glucose values for 80 
patients on multiple daily injections of insulin. 
0015 FIG. 6 provides hourly hypoglycemia risk: hourly 
mean and standard deviation of 10th percentile adjusted for 
24-hour mean (80 patients on multiple daily injections of 
insulin), 100% set to mean hourly hypoglycemic risk. 
0016 FIG. 7 provides 10th percentile of glucose values at 
4 AM for 80 patients on multiple daily injections of insulin. 
0017 FIG. 8 provides 10th percentile of glucose values at 
9 AM for 80 patients on multiple daily injections of insulin. 
0018 FIG. 9 provides hourly volatility risk: mean and 
standard deviation of hourly (interquartile range/median) of 
glucose values for 80 patients on multiple daily injections of 
insulin. 
0019 FIG. 10 provides relatively interquartile range 
(IQR/median) of glucose values at 9 AM for 80 patients on 
multiple daily injections of insulin. 
0020 FIG. 11 provides relative interquartile range (IQR/ 
median) of glucose values at 4 PM for 80 patients on multiple 
daily injections of insulin. 
0021 FIG. 12 provides hourly excess glucose risk expo 
Sure: mean and standard deviation of hourly median of glu 
cose values for 80 patients on multiple daily injections of 
insulin. 
0022 FIG. 13 provides median of glucose values at 9 AM 
for 80 patients on multiple daily injections of insulin. 
0023 FIG. 14 provides median of glucose values at 4 PM 
for 80 patients of multiple daily injections of insulin. 
0024 FIG. 15 provides an example of self-monitoring 
schedules according to the dimension of concern. 
0025 FIG. 16 is a flowchart in accordance with certain 
embodiments of the present invention. 
0026 FIG. 17 is a flowchart in accordance with certain 
embodiments of the present invention. 
0027 FIG. 18 illustrates an example of a Contingency 
Analysis for the occurrence of hypoglycemic episodes (de 
pendent variable) changing with respect to the day of the 
week (independent variable) from continuous glucose moni 
toring. 
0028 FIG. 19 illustrates an example of a Contingency 
Analysis for the occurrence of hypoglycemic episodes (de 
pendent variable) changing with respect to the day of the 
week (independent variable) from continuous glucose moni 
toring. 
(0029 FIG. 20 shows the rank-order of days of the week by 
being most different in terms of rate of hypoglycemia from 
what would be expected (that is, expected if there was no 
pattern across the days of the week). 
0030 FIG. 21 illustrates an example of a Contingency 
Analysis. 
0031 FIG. 22 illustrates an example of a Contingency 
Analysis. 
0032 FIG. 23 is a table illustrating episodes detected for a 
patient for four calendar days. 
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0033 FIG. 24 is a table illustrating episodes detected and 
allocated for a patient for four calendar days. 
0034 FIG. 25 is a chart illustrating glucose levels versus 
time of day. 
0035 FIG. 26 is a chart illustrating glucose levels versus 
time of day. 
0036 FIG. 27 exemplary data in accordance with one 
method presented herein. 
0037 FIG. 28 exemplary data in accordance with one 
method presented herein. 
0038 FIG. 29 exemplary data in accordance with one 
method presented herein. 
0039 FIG. 30 is a plot of high glucose alarms per day 
Versus high glucose alarm setting. 
0040 FIG. 31 illustrates a control grid, according to cer 
tain embodiments. 
0041 FIG. 32 illustrates a control grid displaying a cen 

troid, according to certain embodiments. 
0042 FIG.33 illustrates a flowchart for a method of rec 
ommending treatment, according to certain embodiments. 
0043 FIG. 34 illustrates a control grid, according to cer 
tain embodiments. 
0044 FIG. 35 illustrates a flowchart for a method of rec 
ommending treatment with multiple control grids, according 
to certain embodiments. 
0045 FIG.36 illustrates an example of a treatment recom 
mendation lookup table, according to certain embodiments. 
0046 FIG. 37 illustrates a control grid, according to cer 
tain embodiments. 
0047 FIG. 38 illustrates a control grid with lines of con 
stant hypoglycemia rate shown thereon, according to certain 
embodiments. 
0048 FIG. 39 illustrates the control grid shown in FIG.32 
with parallel approximations of the lines of constant hypogly 
cemia rate, according to certain embodiments. 
0049 FIG.40 illustrates a control grid showing a hypogly 
cemia risk Zone (Hypo Risk Zone), according to certain 
embodiments. 
0050 FIG. 41 illustrates possible A1c target values on the 
control grid of FIG. 34, according to certain embodiments. 
0051 FIG. 42 illustrates the control grid shown in FIG.35 
with a defined target Zone, according to certain embodiments. 
0052 FIG. 43 illustrates the control grid of FIG. 36 with 
two additional Zones, according to certain embodiments. 
0053 FIG. 44 illustrates a graph of sample data that has 
been fit to a probability distribution, according to certain 
embodiments. 
0054 FIG.45 illustrates a sample point shown on a control 
grid along with a cloud of points derived by using a bootstrap, 
according to certain embodiments. 
0055 FIG. 46 illustrates the data shown in FIG. 41 with a 
line drawn parallel to the border of the Hypo Risk Zone such 
that only 5% of the bootstrap points are below the line, 
according to certain embodiments. 
0056 FIG. 47 illustrates a projection of one bootstrap 
point along a line perpendicular to the lines of constant 
hypoglycemia rate on a control grid, according to certain 
embodiments. 
0057 FIG. 48 illustrates a boundary line of a bootstrap 
cloud that was calculated using confidence limits, according 
to certain embodiments. 
0058 FIG. 49 illustrates a control grid showing a sample 
point, TRP, and an anti-TRP value, according to certain 
embodiments. 
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0059 FIG. 50 illustrates the vertical and horizontal dis 
tances from a Hypo Risk Zone border line to a TRP point on 
a control grid, according to certain embodiments. 
0060 FIG. 51 illustrates contour plots of a probability 
distribution function of a patient’s state of glucose control, 
according to certain embodiments. 
0061 FIG. 52 shows the same distribution from the same 
patient shown in FIG. 47, in the context of two different 
clinical risks, namely the risk of retinopathy (horizontal lines) 
and risk of severe hypoglycemia (diagonal lines), according 
to certain embodiments. 
0062 FIG. 53 illustrates contour lines for 6 additional 
patients plotted on the same control grid, according to certain 
embodiments. 
0063 FIG. 54 illustrates the contour lines generated from 
a relatively stringent testing schedule on the same 7 patients 
as shown in FIG. 48, according to certain embodiments. 
0064 FIG.55 illustrates the determination of areas where 
a given testing schedule is adequate vs. inadequate in detect 
ing a clinically meaningful change in risk of retinopathy, 
according to certain embodiments. 
0065 FIG. 56 illustrates the association between Hb A1c 
and risk of retinopathy and Hb Alc and risk of sever hypogly 
cemia. 
0.066 FIG. 57 illustrates a mapping a clinical risk, namely 
risk of retinopathy, onto a glucose control chart, according to 
certain embodiments. 
0067 FIG. 58 illustrates multiple clinical risks-clinical 
risk of retinopathy and acute risk of hypoglycemia—overlaid 
on glucose control chart containing data for two separate 
diabetic Sub-populations, according to certain embodiments. 
0068 FIG. 59 illustrates an example of the progression of 
a patient's state of glucose control relative to two clinical 
risks, according to certain embodiments. 
0069 FIG. 60 illustrates an example block diagram for the 
Software application for communicatively coupling the meter 
with the remote server via a computer, according to certain 
embodiments. 

BRIEF SUMMARY 

0070 Presented herein are one or more software applica 
tions to help a user manager their diabetes. Embodiments and 
descriptions of the various applications are provided below in 
conjunction with an analyte measurement device. 

DETAILED DESCRIPTION OF THE INVENTION 

0071. Before the embodiments of the present invention are 
described, it is to be understood that this invention is not 
limited to particular embodiments described, and as Such 
may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to be limit 
ing, since the scope of the embodiments of the invention will 
be limited only by the appended claims. 
0072 FIG. 1 provides a front-side view of handheld ana 
lyte measurement device. Such as an analyte meter 102, in 
accordance with certain embodiments presented herein. In 
certain embodiments, analyte meter 102 includes a test strip 
port 104, a display unit 106, and at least one control button 
108. In practice, an analyte test strip (or sensor) is inserted 
into test strip port 104 in order to conduct an analyte test; for 
example, a blood glucose reading or a blood ketone reading. 
Meter 102 includes software to analyze the sample placed on 
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the test Strip, and the results of the analysis are typically 
displayed to the user via display unit 106. The user may also 
use control button 108 to provide appropriate instructions to 
meter 102. 

0073. In certain embodiments, meter 102 includes one or 
more diabetes management software applications. The inte 
gration of software applications with meter 102 provides an 
opportunity to augment traditional glucose and/or ketone 
readings to provide more useful information and feedback to 
patients and HCPs. As such, meter 102, with loaded software 
applications, can be part of a robust therapy management 
system. The Software applications can be factory pre-loaded, 
or installed by the user or health care provider after first use by 
the user. In addition to the Software applications discussed 
below, meter 102 may include one or more of the software 
applications described in U.S. Pat. No. 7,766,829; and U.S. 
Provisional Patent Application Nos. 61/015,185; 61/262,849; 
61/290,841; 61/254,156; and 61/325, 155; the disclosures of 
which are incorporated herein by reference in their entirety. 
As such, in certain embodiments, the analytics described 
herein may be located on the patient's personal device. 
0074. In certain embodiments, software applications are 
licensed, acquired, or otherwise built by third-parties to be 
incorporated into meter 102, or other biometric devices. 
Examples of the types of software that may be incorporated 
include: (a) behavioral engagement software; (b) therapy rec 
ommendation algorithms; (c) Survey applications; (d) report 
generating software; etc. A means may be provided to prevent 
unauthorized software from being executed by the device. A 
number of methods may be used to prevent such unauthorized 
execution. For example, the operating system on the device 
may require a code imbedded in the software before it would 
allow the software to be executed. The code may be provided 
by the meter manufacturer to trusted third-party vendors. 
Furthermore, the code may be generated from information 
provided regarding the application, to prevent the code from 
being publicized. In other words, a generation algorithm code 
may be provided. The information used to generate the code 
may be, for example, the company name or product name or 
another code. Also, time based information may be used. Such 
as the earliest date that the application may be installed. 
Further, actual loading of the software on the device may be 
prevented, using the same techniques. For example, the 
installation driver located on the device may require authori 
zation before it proceeds with installation. 
0075 Analyte meter 102 may further include one or more 
internal or external communication modules. The communi 
cation module(s) may be used to receive and/or transmit data 
and/or program instructions. The communication module(s) 
may also download software applications from one or more 
servers. In certain embodiments, the communication module 
is used to communicate with one or more external devices; 
Such as, for example, a medication (drug) deliver device; a 
cellular phone; a laptop computer, a mobile device, such as a 
PDA, iPhone, iPad, tablet computer, etc.; a desktop computer; 
an analyte meter; and/or another analyte measurement sys 
tem. In certain embodiments, the communication module can 
be configured for wired or wireless communication to an 
external device. Wireless communication may be provided 
by, for example, but not limited to, radio frequency (RF) 
communication (e.g., Radio-Frequency Identification 
(RFID), Zigbee communication protocols, WiFi, infrared, 
wireless Universal Serial Bus (USB), Ultra Wide Band 
(UWB), Bluetooth R communication protocols, and cellular 
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communication, such as code division multiple access 
(CDMA) or Global System for Mobile communications 
(GSM). 
0076. In another embodiment, the patients analyte meter 
102 may include a communication module to connect to one 
or more servers (e.g., networked to a “cloud'). Data obtained 
from an analyte test can then be uploaded to the cloud, ana 
lyZed (automatically or semi-automatically) in the cloud, and 
results of the analysis can be downloaded to the patient’s local 
device for review by the patient or an HCP. As such, the 
patient's local device can have limited processing capabilities 
because the bulk of the processing and analysis will be per 
formed in the cloud. Further, Such a system can allow a 
diabetes management company to control, manage, and/or 
update software in the cloud, without having to control, man 
age, and/or update Software on the local devices of a large 
pool of patients. As such, in certain embodiments, the analyt 
ics described herein may be located on one or more central 
ized servers (i.e., “cloud'). 
0077. Further, such system provides an opportunity to 
employ systems and methods for analyzing patient analyte 
databased on clinical standards, and provide expert therapy 
decision and Support guidance, even if the patient or her local 
care provider lacks the expertise for Sophisticated analyte 
analysis. For example, presented herein are systems and 
methods that can be widely utilized by non-diabetes expert 
primary caretakers. Achieving this goal will generally 
improve the health of people with diabetes and ultimately 
reduce health care payor costs. 
0078. In certain embodiments, the systems and methods 
presented herein are applicable under the preferred architec 
ture of a web-based system (e.g., centralized server, cloud, 
centralized database, etc.) which includes connectivity to per 
sonal devices used by the patients. Patient devices include 
glucose meters, insulin pumps, cellular phones, PDAs, 
mobile devices, and/or personal computers. Intermediate 
connectivity devices may be included, such as a repeater 
which acquires the glucose data periodically from a glucose 
meter via wired or wireless communication (e.g., Bluetooth, 
WiFi, cellular, etc.) and transfers the data to a server (or 
intermediate server) via a standard pager communication net 
work. In addition, a healthcare provider (HCP), or health care 
payor, may use a secondary device (e.g., a personal computer, 
web terminal, cellular phone, etc.) to access information from 
the server. 
0079. In another embodiment, the analytics described 
herein may be located on an HCP's device/system. In addi 
tion, the analytics described herein may be distributed across 
all the nodes of the diabetes management system. 
0080 Provided below are exemplary analytic systems and 
programs, in the form of software applications or otherwise, 
for use in the diabetes management system described herein. 

Software Application for Triaging Glucose Control 
Assessment and Adapting Self-Monitoring Intervention 
I0081 For people with diabetes who are not taking mul 
tiple daily injections of insulin, the utility of self-monitored 
glucose measurements has not been well established. The 
current standard of care is to use the long-term biomarker of 
average glucose control A1C to assess and titrate diabetes 
therapies, with little or no regard to self-monitored glucose 
acquired using strips and sensors by patients in everyday 
settings. However, the failure of this approach is evident in 
that less than half of patients with diabetes in the U.S. meet 
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control targets, putting them at higher risk for diabetes-re 
lated complications. The opportunity exists to create a soft 
ware application which is capable of identifying underlying 
glucose control defects made apparent by self-monitored glu 
cose that are not identifiable from long-term biomarkers such 
A1C. 

0082 Furthermore, for patients who do take insulin, iden 
tification of clinically-important patterns in their self-moni 
tored glucose is extremely unstructured, and generally inef 
ficient and time-consuming for care providers. The effect is 
Such that the vast majority of care providers of insulin-using 
patients do not even bother creating computer-generated 
Summary reports of downloaded self-monitored blood glu 
cose (SMBG) values. 
0083. Further, A1C, as a long-term biomarker of excess 
glucose exposure, falls short of being able to monitor and 
assess important dimensions of glucose control. Such dimen 
sions include overall hypoglycemia and glucose Volatility, as 
well as periods of the day with excess hypoglycemia, glucose 
Volatility, and glucose exposure. Therapeutic interventions to 
achieve target glucose control must recognize the trade-off 
between long-term risk of complications and acute risk of low 
glucose (hypoglycemia). If therapy is added improperly, 
there is the possibility of causing more harm (hypoglycemia) 
than good (reduction of long-term complication risk). To 
mitigate this situation, self-monitored glucose measurements 
may provide the necessary dimensions of control assessment, 
Such that therapy can be adjusted in a progressively safe 
manner. Furthermore, since the physiologic defects in type-2 
diabetes progress overtime, there is a need to maintain moni 
toring of control even once targets have been met. 
0084. In certain embodiments, there is provided a software 
application that uses a clinically-rational scale of glucose 
control; i.e. a “triage scale, and associated logic for selecting 
self-monitoring schedules (when and how often to measure) 
that are optimized to provide assessment of the main control 
defect identified on that scale. This logic is envisioned to be 
therapy-dependent in that the times of day posing control risk 
are expected to vary according to the type of diabetes therapy 
(e.g., single oral agent, combination therapy, background 
insulin only, background insulin with other agents, pre-mixed 
insulin, basal and bolus insulin, etc.) that is being utilized by 
the patient. 
0085. The first aspect of this application provides a ratio 
nal priority to addressing out-of-target dimensions of glucose 
control provided by self-monitored glucose, as shown in FIG. 
2, where the priorities are numbered (beginning with Zero) in 
the order that they should be addressed. Within the categories 
it is proposed that problems identified during the night take 
priority over those during the day due to the increased risk of 
acute problems (low glucose) being unrecognized by the 
patient or others while sleeping. When self-monitored glu 
cose data is analyzed (eitherona meter or external to a meter), 
this scale helps focus clinicians on therapy adjustments which 
address the triaged levels of control in a safe manner. While 
the general categories are fixed, the criteria for satisfying each 
level may vary according to individual patient differences or 
class of patient (e.g., age, therapy used, duration of disease, 
diabetes type). In any case, the goal of the Software applica 
tion is to focus on the optimally addressing a single aspect of 
glucose control while keeping other dimensions of glucose 
control in proper and safe context. 
I0086 Progress along this glucose control scale can be 
represented along the dimensions of interest. For example, 
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FIG. 3 shows how the scale maps to a grid of hypoglycemia 
Versus glucose exposure. This representation emphasizes that 
hypoglycemia needs to be addressed first, even if it results in 
an increase in glucose exposure to get control levels 2 or 3. In 
another example, FIG. 4 shows a grid of glucose exposure 
versus glucose volatility. This representation is more effective 
at contrasting control levels 2 and 3. 
I0087. In another aspect of the present inventions, the soft 
ware application proposes how to allocate discrete self-moni 
tored glucose measurements according to glucose control 
level. This aspect is intended to guide how to allocate a 
relatively small number of glucose measurements per day 
(e.g., 1-12) over a number of days such that the dimension(s) 
of glucose control of interest is optimally measured. At mini 
mum, the Software application proposes that there are optimal 
“schedules' to discrete the self-monitoring of glucose for 
each glucose control levels (1-4). The schedules are likely to 
be further refined according to diabetes therapy type being 
used or other patient characteristics. Furthermore, algorithms 
may be developed which automatically shift between sched 
ules as each dimension of control is assessed and Surpasses 
thresholds. In some cases, prior knowledge of the initial con 
dition of the patient, Such as non-insulin-using type-2, may be 
used to modify the testing schedule to reduce testing for 
hypoglycemia. 
I0088. To demonstrate this aspect of the invention, it is 
applied to a group of patients on multiple daily injections of 
insulin (MDI). Each patient had continuous glucose monitor 
ing every 10 minutes for 14 days. Within each hour of the day, 
the 10th percentile value was found. Typically this means 
there were 6 measurements per hour over 14 days for a total of 
84 values within each hour. These values are sorted, highest to 
lowest, and one method to define the 10th percentile value is 
to do a linear interpolation between the 8th and 9th lowest 
values (since the 84/100="8.4” value doesn't exist). In this 
way, a glucose value is found for each hour where 90% of the 
glucose measurements in this hour of the day are higher than 
that value, and 10% are lower. Combining all the patients, the 
mean and standard deviation of their hourly 10th percentile 
glucose values are shown in FIG. 5. These values are trans 
formed into hourly hypoglycemia risk by Scaling to the 
24-hour mean of the 10th percentile values by: 1-(24-hr 
mean-x-hr)/24-hr mean 100, where x is each hour of the 
day, shown in FIG. 6. This shows that for this class of patients 
the highest hypoglycemia risk is between 11 PM and 7 AM, 
shown by having the error bars exceed the selective threshold 
of 130%. Two hours of the day are compared in FIG. 7 and 
FIG. 8. At 4 AM, 25% of the patients have 10% of their 
glucose values below 67.25 mg/dL, representing more 
hypoglycemia during that hour of the day then at 9 AM (less 
than 10% of the patients have 10% of their glucose values 
below 67.25 mg/dL). This indicates that self-monitoring 
schedule to assess hypoglycemia risk should be more com 
prehensive during the night then during the day. 
I0089. It is important to manage glucose volatility, since 
excess Volatility may result in increased hypoglycemia when 
therapies are adjusted to reduce overall glycemia. FIG. 9 
shows the volatility per hour of this group of MDI patients, 
indicating that a self-monitoring schedule to assess Volatility 
should be more comprehensive during the hours of 10 PM-7 
AM and 2 PM-8 PM. FIG. 10 and FIG. 11 compare the 
volatility of two different hours of the day, one with the main 
time of concern (4 PM) and one outside the time period of 
concern (9 AM). 
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0090. In order to assess excess glucose exposure, FIG. 12 
shows the exposure per hour for this group of MDI patients, 
indicating that a self-monitoring schedule to assess excess 
glucose exposure should be more comprehensive during the 
hours of 7 AM-3 PM and 7 PM-12 AM. FIG. 13 and FIG. 14 
compare the excess glucose exposure of two different hours 
of the day, one with the main time of concern (9 AM) and one 
outside the time period of concern (4 PM). 
0091. In summary, an example of self-monitoring sched 
ules according to the dimension of concern is shown in FIG. 
15. 
0092. In another embodiment, the software application 
associates specific therapies with optimal SMBG test sched 
ules, which can be downloaded to a glucose meter. The soft 
ware application also analyzes diabetes databased on median 
glucose and glucose variability to prioritize the displayed 
findings. As such, the recommended treatment will ultimately 
reduce median glucose without causing hypoglycemia. 

Software Application for Workflow Automation 
0093. Therapy modifications for diabetes patients have 
been traditionally made based on PC software that provides 
HCP's with reports that illustrate glucose management. Uti 
lization of these reports is time consuming and requires a high 
degree of expertise by the HCP. In certain embodiments pro 
vided herein, there is provided a method and system to auto 
mate analysis of diabetes data, which generates treatment 
recommendations and relevant reports that illustrate prob 
lems. In another embodiment, there is provided a method and 
system for workflow automation. Specifically, there is pro 
vided an optimal workflow order presented where automatic 
treatment recommendations are presented and utilized as part 
of the HCPs visit workflow. 
0094. In certain embodiments, there is provided a work 
flow that has two phases—one targeted for clinical assistant 
activities (e.g., “waiting room' workflow), and a second for 
the HCP (e.g., “exam room' workflow). The first phase 
involves uploading the device data and entering data into a PC 
application based on a preliminary interview with the patient. 
This activity can be done by the clinical assistant. The second 
phase is where the application provides a Summary of the 
analysis to the HCP and provides a means for the HCP to 
determine and record treatment modifications, all provided in 
an interactive display. The HCP can review these results, 
which would provide detailed findings, reports associated 
with these detailed findings, questions to the patient associ 
ated with the findings, and treatment recommendations from 
which to select. Answers to questions, selected treatment 
recommendations, and selected reports to illustrate findings 
and treatment decisions, or to educate the patient, would be 
recorded. 
0095 FIG. 16 is a flowchart in accordance with certain 
embodiments of the present invention. In FIG. 16, the boxes 
noted 1-6 generally correlate with the above-described 
"Phase 1. Boxes noted 7-12 (and TBD) generally correlate 
with the above-described “Phase 2. 
0096. In certain embodiments, there is provided a work 
flow method as follows: 

1) Phase 1 
0097 i. Inputs to the automated logic are retrieved 

0.098 1. Glucose data and any other pertinent logged 
data are uploaded from the glucose measurement 
device. 
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0099 2. Patient identification and specific informa 
tion is retrieved based on the uploaded device serial 
number and a prompt is presented to allow confirma 
tion or correction. 

0100 3. Current patient treatment is retrieved based 
on the uploaded device serial number, and a prompt is 
presented to allow confirmation or correction to this 
treatment. 

0101 4. A prompt is presented for entry of any recent 
test information, Such as A1C or blood pressure. 

0102 5. A prompt is presented for entry of any other 
information that is required as an input to the analysis 
logic. 

0103 6. A prompt (optional) is presented for patients 
to describe any conditions or problems they wish to 
discuss during the exam with the HCP. This may or 
may not impact the analysis logic. An example situa 
tion, which would impact the analysis, would be if the 
patient selects a specific time period(s) that was dif 
ficult to manage and wishes to discuss/review with the 
HCP. Such prompts are provided for the patient to 
enter additional information that is not typically used 
as an input to the analysis logic (e.g., “unguided’ or 
open-ended questions that can be answered by the 
patient). 

0104 ii. Analysis logic process is performed using the 
above inputs 

2) Phase 2 

0105 i An interactive display (e.g., Box 7 in FIG.16) is 
presented that includes: 
0106 a. results of the analysis (“Findings' and 
“Actions to Consider'), structured by the important 
periods of the day for diabetes management: “Fast 
ing and “Post-Meal', and (optionally) a standardized 
report; 

0107 b. findings may be color-coded, or otherwise 
annotated, to indicate negative and positive findings; 

0.108 c. means to expand and collapse Findings, 
where Findings can be expanded to detail findings and 
actions to consider, questions to ask the patient, and 
treatment recommendations (e.g., results from the 
analysis); 

0109 d. means to navigate to a report pertinent to a 
particular finding: 

0110 e. means to navigate to HCP-oriented refer 
ence materials pertinent to a particular finding and/or 
action to consider, 

0111 f. means to naviagate to patient-oriented dia 
betes self-care education materials pertinent to a par 
ticular finding and/or action to consider 

0112 g. means to select or deselect the patient-ori 
ented diabetes self-care education materials pertinent 
to a particular finding and/or action to consider for 
printing or electronic delivery to the patient 

0113 h. means to add HCP-selected detailed reports 
to a Summary report for long-term storage (e.g., jour 
nal specific reports of value for medical charting or 
patient education); 

0114 i. means to navigate to entry screenpertinent to 
a particular question or treatment recommendation; 
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0115 j.a displays of entry screen inputs for questions 
answered; 

0116 k. a displays of entry screen inputs for selected 
treatment recommendations; and/or 

0117 1. a displays entry screen for ad hoc questions 
answered and treatment recommendations. 

0118 ii. A treatment order is prepared based on the 
Selected treatment recommendations and the results of 
the analysis and HCP input (e.g., Box 8 in FIG. 16). 

0119 The selected treatment recommendations may be 
text fields and may include modification of treatment fields. 
The interactive display may present this information in a 
dashboard format, a tab format, an icon based format or some 
other means. Other interactive fields may be added to this 
interactive display, such as means to compare treatments and 
treatment results from prior clinical visits. 
0120. The described workflow may be extended to include 
two or more analysis stages. For instance, the first analysis 
stage may be as described above, but may generate additional 
questions to be asked of the patient that may form inputs to a 
second analysis stage (along with inputs to the first analysis 
stage and outputs from the first analysis stage). 

Software Application for Identifying Episodes 
0121. In certain embodiments, there is provided a process 
for identifying features of glucose measurements (i.e., "epi 
sodes'), collecting Supporting details about these episodes, 
using statistical methods to assess if any particular conditions 
or actions appear to influence the likelihood of these episodes 
occurring, and describing this analysis in a clinically-mean 
ingful way to better inform health-care providers about the 
status of their patients and potential next steps in their treat 
ment and disease management. FIG. 17 provides a flowchart 
in accordance with said process. 
0122. HCPs who use current systems of glucose data man 
agement and assessment still request further assistance from 
these systems to help answer basic questions of clinical rel 
evance. For example, HCPs want to know if a patient is 
experiencing hypoglycemia more often on Some days of the 
week compared to others. Provided herein is a method to 
address questions of this nature, with both statistical and 
clinical input, to arrive at answers and Suggested clinical 
actions. 
0123. In certain embodiments, there is provided a method 
to define episodes using clinical criteria. The clinical criteria 
may be universally applied for many patients of similar dis 
ease state and therapy, or customized for individual patients. 
Episodes are generally a categorized period with the possible 
mutually exclusive values of"Yes,” “No”, or “unknown.” The 
“unknown” category would apply if a period of time has no 
data to relate whether an episode may or may not have 
occurred. 
0.124 Episodes are further generally categorized by clini 
cally-relevant criteria. Examples may include episodes of 
hypoglycemia, hyperglycemia, rapid glucose increases, rapid 
glucose drops, etc. Examples here will focus on episodes 
determined from glucose monitoring, but may be extended to 
any other frequently monitored behavior, activity, or biologi 
cal parameter. 
0.125. In certain embodiments, there is provided a method 

to collect details of episodes. Details of episodes are collected 
for further analysis, such as: 1) when the episode started and 
ended; 2) the day of the week the episode occurred; 3) the 
week of the month the episode occurred; 4) how long before 
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or after the episode an activity was performed; 5) the glucose 
levels or statistical summaries of the glucose levels before, 
during and after the episode; 6) the Source of the glucose 
measurements (say "continuous glucose monitoring” or 
“self-monitored blood glucose). 
0.126 The method further includes finding and allocating 
episodes over a monitoring period. Allocation may be 
assigned according to a number of possible clinically relevant 
reasons, such as: week of a month, day of the week, time 
period in a day, behavior or activities (taking medication, 
eating, sleeping, exercising, etc), glucose value, glucose rate 
of change, state of health of the patient, etc. 
I0127. As one example, the allocation may be done over 
each hour of the monitoring period being evaluated. For 
example, if three months have elapsed since monitoring has 
been initiated by the patient, there may be approximately 
9024–2160 hours of monitoring where an episode can be 
allocated as "Yes.” “No” or “No monitoring available (un 
known).” 
I0128. As another example, the allocation may be done 
according to the measured glucose value, and whether an 
episode occurs within some future time period. Alternatively, 
when an episode does occur, descriptive details of that epi 
sode can be allocated (such as the maximum glucose rate of 
change within 1 hour before the episode) and statistically and 
clinically relevant patterns can be investigated. 
I0129. The method further includes identifying patterns 
using statistical criteria. Once allocated over the monitoring 
period of interest, statistical methods can be used to deter 
mine how likely occurrences of episodes (the “dependent 
variable') relative to any possible independent variable (i.e. 
“clinically relevant reason') is to be observed simply by mere 
coincidence. If the likelihood of coincidental observation, i.e. 
“by mere chance or luck” is low (say less than 1 in 20), then 
independent variables may be identified as having a strong 
association with the occurrence of episodes, and be deemed 
worthy of further investigation or discussion between the 
patient and healthcare provider, and interpretation by the 
healthcare provider to Suggest therapy or behavior modifica 
tions. 
0.130. A statistical method for this technique is the “Con 
tingency Analysis.” Shown FIGS. 18 and 19 are examples of 
a Contingency Analysis for the occurrence of hypoglycemic 
episodes (dependent variable) changing with respect to the 
day of the week (independent variable) from continuous glu 
cose monitoring. 
I0131 For the shown example, the statistical methods indi 
cate a very low likelihood that the increased frequency of 
hypoglycemia on Sunday and Saturday is mere chance coin 
cidence. In fact, the statistics indicate the likelihood of coin 
cidentally seeing this pattern of hypoglycemia across the days 
of the week is smaller than 1 in 10,000. Therefore it's reason 
able to assume that something about this patient’s behavior or 
therapy on Saturday and Sunday is different from the rest of 
the week in regards to having hypoglycemic episodes. There 
fore, a possible output of the system may be to Summarize 
these findings: “Statistical analysis indicates the likelihood of 
coincidentally seeing this pattern of hypoglycemia across the 
days of the week is smaller than 1 in 10,000. 
0.132. The rank-order of days of the week by being most 
different in terms of rate of hypoglycemia from what would 
be expected (that is, expected if there was no pattern across 
the days of the week), are shown in FIG. 20. Therefore, a 
possible output of the system may be to Summarize these 
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findings: “Consider evaluating therapy and/or behavior dif 
ferences for those days that are at the extremes of being 
different from expected compared to those that are similar to 
expected.” Or, “Consider ways to address the extremes and 
reduce hypoglycemic episode occurrence overall.” 
0.133 Similar logic can be used for patterns related to 
hours of the day and patterns derived from SMBG. However, 
it is likely that with infrequent SMBG, the most likely out 
come is to have too few monitoring periods to reach statistical 
significance, as shown in FIGS. 21 and 22. Therefore, a pos 
sible output of the system may be to summarize these find 
ings: “The statistical analysis indicates the likelihood of coin 
cidentally seeing this pattern of hypoglycemia across the days 
of the week is bigger than 1 in 4. Therefore no patterns of 
hypoglycemia across days of the week should be concluded, 
as they are too likely coincidental or mere chance observa 
tions.” 

0134. In addition, one output of the system may be to 
indicate that there are not enough measurements to execute 
the statistical analysis accurately. By convention, the rules are 
that the minimum expected number in any cell is 1 and that no 
more than 20% of the cells have an expected value of less than 
5 

0135. This invention would be incorporated into glucose 
data management Software, either on a device or external to 
the glucose monitoring device. It would primarily be targeted 
to health care providers who guide therapy decisions to man 
age glucose levels. It would aid in investigating and relating 
clinically significant glucose measurements of interest with 
particular behaviors or therapy choices that their patient is 
performing. From there, the clinician may use his or her 
judgment to suggest effective actions for the patient to take in 
order to mitigate the observations and improve their disease 
control. 

0136. In certain embodiments, there is provided a process 
for creating Summaries of patient-specific diabetes manage 
ment information. Such information includes glucose (blood 
and interstitial), other analytes (e.g., blood lipids, albumin 
uria), markers of kidney (SrCr, eGFR) and liver (ALT, ULN) 
function, and daily activity information (meals, medication, 
exercise, disease symptoms). In certain embodiments, this 
information is used in an analytical tool that includes expert 
logic to drive automatic treatment recommendations. The 
information is used in a manner designed to make clinical 
review and therapeutic change decisions more rapid, consis 
tent, and accurate. 

Software Application for Providing Automatic Treatment 
Recommendations 

0137 Using glucose measurements to assess and deter 
mine changes to diabetes management and therapy interven 
tion is a complicated process. HCPs in the field have repeat 
edly requested methods for “guidance' and 
“recommendations” for decisions that may help their patients 
better manage their disease. Historically, state-of-the-art 
methods for analyzing and Summarizing glucose measure 
ments have lacked clear links with therapy changes, and 
therefor automatically producing recommendations based on 
a priori logic has not be achieved in any broad sense. 
0138 Provided herein is a process for automatic and/or 
clinician-guided interpretation of extreme glycemic episodes 
for an individual with diabetes in order to improve selection 
of therapies and self-management intervention(s). 
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0.139. For example, in certain embodiments, there is pro 
vided a method for providing automated treatment recom 
mendations by: (1) allocating episodes; (2) displaying pat 
terns; and (3) allocating episode chains. A more specific 
description is provided below. 
0140) 1. Allocating episodes in “initiators' and “follow 
on episodes, and linking episodes into “chains that start 
with a single “initiator” and may or may not continue with one 
or more “follow-on episodes. An initiator episode with no 
follow-on episodes is considered here to be a “single-link 
episode chain.” An initiator episode with two follow-on epi 
sodes is considered a "3-link episode chain, and so on. All of 
these are considered “episode chains.” This allocation of 
“chains' allows focusing on self-management problems that 
do or do not start a series of negative effects. Review of 
glucose measurements may reveal an episode was treated 
inappropriately, and thus initiated one or more additional 
episodes that the individual had to handle. A specific example 
would be a high glucose episode that is treated too aggres 
sively. Such that a rapid fall episode and a low glucose episode 
occur. This low glucose episode may also be treated inappro 
priately, and therefore a rise episode occurs, followed by 
another high glucose episode. This example shows the 
“roller-coaster” effect that can be the hallmark of difficult-to 
manage diabetes. From a clinical perspective, however, the 
best place to intervene in self-management behavior is likely 
with the “initiating episode. If the high glucose is treated 
differently, or is avoided altogether, then the train of episodes 
following may be reduced or removed effectively. 
0141 2. Displaying patterns of episodes relative both to 
time-of-day and time of initiation of a chain of episodes. 
Rather than a conventional 24-hour “modal day' plot, this 
invention plots additional “follow-on episodes beyond the 
24-hour time-axis if the chain extends past midnight of the 
day the chain initiated. 
0142. 3. Allocating “episode chains” (defined here to 
minimally include a single “initiator episode, and may have 
one or more “follow-on episodes) into clinically relevant 
categories. This allocation is done according to the attributes 
of the chain, and may be done automatically to help frame the 
type of therapy interventions the clinician should likely con 
sider for the individual under his or her care. Possible 
attributes of the chain are detailed more specifically below, 
but may be considered to include things Such as: a) start time 
(or “time-of-day”) of the chain; b) glucose value at the start of 
the chain; c) presence or absence of a continuous glucose 
monitoring threshold or projected glucose alarm; d) order of 
the types of episodes in the chain, e.g., a "High-High' chain 
would be allocated differently than an “High-Low’ chain; 
and e) user actions (or inactions) before or during the chain. 
An “action” may be eating, taking medication, exercising, or 
other actions that may affect their diabetes management and 
glucose control. 
0.143 An example patient may have glucose measure 
ments that are Summarized into a list of Low, High, Rise and 
Fall episodes, as shown in FIG. 23. These episodes are then 
allocated to “initiators' and “follow-on episodes. Methods 
for determining initiator versus follow-on episodes may be 
based optimal selection of one or more of the following 
criteria: 1) time elapsed since previous episode, for example, 
if sufficient time has passed after an episode, the next episode 
may automatically be considered an “initiator,” which would 
be based on the idea that therapeutic or other actions that 
affect glucose only have a finite period of influence on the 
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glucose: 2) time of day of the episode; 3) the order or type of 
episodes, for example, all Rise episodes followed by a High 
episode may be considered “initiators;” and 4) type of actions 
the individual has recently performed, for example, rapid 
acting insulin typically has about 3 to 6 hours of action, while 
long-acting insulin may be 12 to 24 hours of action. Some 
evidence Suggests exercise may have 1 to 24 hours of action. 
Eating may have 1 to 8 hours of action, depending on the 
composition of the meal. Each of these actions, and their 
relevance to diabetes self-management, may suggest linking 
or unlinking (and therefore start a new initiating episode) 
episodes. Using a combination of these criteria, the example 
data is allocated, and shown in FIG. 24. This allocation estab 
lishes three “episode chains, all initiated, in this example, by 
Rise episodes (Nov. 4, 2006, 8:56 AM; Nov. 5, 2006, 6:57 
AM; Nov. 13, 2006, 9:16 PM). 
014.4 For the purposes of reviewing and displaying epi 
sode chains, certain embodiments of the proposed invention 
is to display them relative to time of day, as shown in FIG. 25. 
0145 For the purposes of reviewing and displaying epi 
sode chains, certain embodiments of the proposed invention 
is to display them relative to time of day and time of episode 
chain initiation. In this case, if a follow-on episode occurs 
after midnight of the chain initiation, it is shown on Subse 
quent 24-hr periods, expanded to cover as many 24-hour 
periods as necessary to show the entire episode chain. An 
example is shown in FIG. 26. 
0146. Once episode chains have been identified and dis 
played, the chains can also be automatically, or with clinician 
guidance, be assigned to clinically relevant categories. This 
allocation is done according to the attributes of the chain, and 
may be done automatically to help frame the type of therapy 
interventions the clinician should likely consider for the indi 
vidual under his or her care. Examples of possible attributes 
of the chain that may be considered to include: a) start time (or 
“time-of-day”) of the chain initiator, wherein daytime epi 
sodes may have different interventions than nighttime epi 
sodes; b) time of day of the chain follow-on episodes, wherein 
episodes occurring during awake versus sleep periods may be 
managed differently; c) glucose value at the start of the chain, 
wherein, for example, Rises that startless than 80 mg/dL may 
be assumed to be a rapid correction of a low glucose, whereas 
a Rise that starts above 80 mg/dL may be assumed to be due 
only to a typical meal intake; d) presence or absence of a 
continuous glucose monitoring threshold or projected glu 
cose alarm, wherein, for example, a Rise following a glucose 
alarm may indicate appropriate or inappropriate management 
of low glucose situations; e) order of the types of episodes in 
the chain, wherein, for example, a “High-High' chain would 
be allocated differently than a “High-Loud chain; and f) user 
actions (or inactions) before or during the chain, wherein, for 
example, an action may be eating, taking medication, exer 
cising, or other actions that may affect their diabetes manage 
ment and glucose control. 
0147 This invention would be incorporated into glucose 
data management software, either 'on device' or external to 
the glucose monitoring device. It would primarily be targeted 
to health care providers who guide therapy decisions to man 
age glucose levels. It would aid in investigating and relating 
clinically significant glucose measurements of interest with 
particular behaviors or therapy choices that their patient is 
performing. From there, the clinician may use his or her 
judgment to suggest effective actions for the patient to take to 
mitigate the observations and improve their disease control. 
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Software Application for Estimating Impact of Glucose 
Monitoring Alarm Adjustments 

0.148. In certain embodiments, there is provided a method 
for estimating the impact of glucose monitoring alarm adjust 
ments on glycemic control. 
0149 People who monitor their glucose with continuous 
glucose monitoring systems that have real-time glucose 
alarms are faced with the trade-off of optimally setting the 
high glucose alarm to achieve glycemic control goals without 
being burdened by excessive alarms. Excessive alarms can 
lead to "alarm fatigue, or "nuisance alarms,” whereby the 
alarms interfere with the patient’s daily activities and can 
often lead to disuse of the monitor. Both patients and HCPs 
would benefit from a tool that helps establishes the trade-offs 
inherent in setting the high glucose alarm, sets expectations of 
the frequency of alarm while taking measures to improve 
glycemic control, and estimates potential benefits of 
improved glucose control. 
0150 Provided herein is a method for retrospectively ana 
lyzing glucose data to estimate the potential improvement in 
glucose control if the high glucose alarm were adjusted lower, 
while estimating the increased number of alarms that the 
patient may expect to have to manage. Given a set of continu 
ous glucose measurements for a patient (typically 5 days or 
more), the method iteratively lowers a theoretical high glu 
cose alarm threshold, for example from 240 to 160 mg/dL in 
20 mg/dL steps. At each iteration, glucose values that exceed 
the high glucose alarm setting are replaced with the value of 
the high glucose alarm setting. Then, the overall average 
glucose is calculated to estimate the improvement in glucose 
control that may be expected at that high glucose alarm set 
ting. Thus, at each iteration of the high glucose alarm setting, 
at least two values are output: 1) estimated average glucose: 
and 2) estimated number of high glucose alarms. The number 
of high glucose alarms may be normalized across time, for 
example, the number of high glucose alarms per day. More 
detailed Summaries of the estimated glucose control may also 
be calculated. For example, the hourly average glucose across 
a “modal 24-hr day may be calculated, to see how changes in 
the high glucose values will change the typical 24-hr profile 
of the glucose. 
0151. The patient and clinician can review the analysis and 
make a more informed decision of the value of activating the 
high glucose alarm at a lower value, both the potential ben 
efits and burdens. Current glucose data management systems 
do not facilitate estimating the impact of changing the high 
glucose threshold on the overall glycemic exposure a patient 
may expect. This method improves the understanding of the 
trade-off of more vigilance towards treatment of high glucose 
and tolerance of increased high glucose alarm occurrences 
with expected long-term reduction in excessive glucose expo 
SUC. 

0152 FIGS. 27-29 show an example of three iterations of 
the method. FIG.27 shows an example of “original data, that 
is, no replacement of glucose values by the high glucose 
setting has occurred. This data may or may not have had the 
high glucose alarm activated. If it were, then the actual expe 
rience of glucose alarm activation may be summarized. FIG. 
28 shows an example of the hourly glucose distribution after 
estimating the impact of setting the high glucose alarm to 200 
mg/dL. The estimated overall average glucose is seen to move 
closer to the target average glucose. Also, the hourly average 
glucose is seen to be impacted during parts of the day when 
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the glucose was elevated above the high glucose alarm set 
ting. FIG. 29 extends the example for the setting of the high 
glucose alarm to 160 mg/dL. 
0153. More specifically, FIG. 27 is a modal plot of glu 
cose, and Summary statistics table, with original data (no 
estimation of alarm change). Plotted are the 90th (gray open 
squares), 75th (gray Solid squares), 50th (black Solid squares), 
25th (gray Solid squares) and loth (gray open squares) per 
centile lines, the hourly average glucose (red dots), the overall 
average glucose (black horizontal dashed line), predicted 
average glucose (red horizontal dashed line), and target aver 
age glucose (green horizontal line), over the 24-hour period. 
FIG. 28 is a modal plot of glucose and Summary statistics 
table, estimation of high glucose alarm change to 200 mg/dL. 
Plotted are the 90th (gray open squares), 75th (gray solid 
squares), 50th (black Solid squares), 25th (gray solid squares) 
and 10th (gray open squares) percentile lines, the hourly 
average glucose (red dots), the overall average glucose (black 
horizontal dashed line), predicted average glucose (red hori 
Zontal dash line), and target average glucose (greenhorizontal 
line), over the 24-hour period. The predicted average glucose 
has been reduced by 8 mg/dL compared to the overall average 
glucose. FIG. 29 is a modal plot of glucose and Summary 
statistics table, estimation of high glucose alarm change to 
160 mg/dL. Plotted are the 90th (gray open squares), 75th 
(gray solid squares), 50th (black solid squares), 25" (gray 
Solid squares) and loth (gray open Squares) percentile lines, 
the hourly average glucose (red dots), the overall average 
glucose (black horizontal dashed line), predicted average glu 
cose (red horizontal dashed line), and target average glucose 
(green horizontal line), over the 24-hour period. The pre 
dicted average glucose has been reduced by 8 mg/dL com 
pared to the overall average glucose. 
0154 FIG. 30 shows a summary of estimated impact of 
high glucose alarm setting on high glucose alarms per day and 
average glucose. More specifically, FIG. 30 shows an 
example Summary of iterations of estimating the impact on 
average glucose and number of high glucose alarms as the 
high glucose alarm setting is changed. It may be assumed that 
the right-most data point is either “actual” (experienced by 
the patient while wearing the device) or “simulated.” for 
example if the patient has notactivated the high glucose alarm 
during the monitoring period that is being reviewed. As the 
high glucose alarm setting is reduced, the overall average 
glucose is reduced, and the number of glucose alarms 
increases. However, the invention here proposes estimating 
these values from individual monitoring (e.g., CGM) data, 
and therefore is more personalized than population-based 
methods or other methods that Summarize other patients high 
glucose alarm frequency. 

Glucose Metric Mappings to Diabetes Treatment 
Recommendations 

0155. In some aspects of the present disclosure, there is 
provided a method of mapping metrics generated from glu 
cose results in a manner for determination of an appropriate 
treatment recommendation or modification for a patient 
based on the glucose results. For example, the metrics are 
mapped and the appropriate treatment determined Such that 
the risk of hypoglycemia is taken into account and mini 
mized. Furthermore, in some aspects of the present disclo 
Sure, there is provided a device or system that implements 
Such methods and/or displays Such mapped metrics generated 
by Such method. For example, such method may be imple 
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mented as software within a CGM or SMBG device or system 
that is executed by one or more processors in the device or 
system. It should be appreciated that the following discussion 
relating to the mapped metrics may apply to the method of 
mapping the metrics, as well as the device or system that 
implements such methods and/or displays such mapped met 
rics generated by Such method. 
0156. In certain embodiments, the metrics used are glu 
cose median and glucose variability, calculated for a specified 
period of time. Variability (or volatility) may be estimated 
using many different possible metrics. For following 
example, the lower 40% percentile is used to represent vari 
ability. Median is chosen as it is less sensitive to outliers than 
the mean. However, it should be appreciated that mean or 
other type of average, or other metric that represents central 
tendency of data, may be used in other embodiments. 

The Glucose Control Grid 

0157. The glucose median and variability may be illus 
trated graphically where, for instance, the median is repre 
sented along the y-axis and the variability is represented 
along the X-axis. As described below, this graph is divided up 
into Zones that represent possible treatment recommenda 
tions. This graph is referred to herein as the “control grid” or 
“control chart'. These Zones may be, for example, repre 
sented mathematically and implemented in Software to pro 
vide automated therapy recommendations based on glucose 
data. In addition, the control grid itself may be displayed to 
the healthcare provider (HCP) and/or patient by the software. 
0158 FIG. 31 illustrates a control grid, according to cer 
tain embodiments. The control grid includes glucose median 
on one axis and variability on the other axis. A patients 
glucose median and variability can be plotted as a point on the 
control grid. The uncertainty in the estimate of the median and 
variability may be plotted here, for instance, as represented by 
a cloud of points, or a “bubble', or some other representation, 
as described herein. For example, in some instances, a bound 
ary line for the cloud of points may be displayed in place or in 
addition to the cloud of points. These metrics are compared to 
the lines defining the Zones—e.g., the Hypoglycemia Risk 
Zone, Target Zone, Buffer Zone, and “Safe to Titrate Zone, 
as described below. It is appreciated that there are many 
possible metrics that can be used for comparison, Such as the 
centroid or “best estimate' of the metric, or the confidence 
point (e.g., 95% confidence point) of the metric (referred to as 
the Treatment Recommendation Point TRP), as illustrated 
in FIG. 32. Other possible metrics can be readily contem 
plated. 
0159. On the control grid shown in FIG. 31 there are four 
Zones defined. In certain embodiments, the Hypo Risk Zone is 
defined as the region below the hypo risk line where it is 
determined that, if the TRP falls below, the patient is at an 
unacceptable risk of hypoglycemia. In this case, the displayed 
treatment recommendations would be related to reducing the 
patient’s glucose variability and/or increasing the patients 
glucose median. For instance, one specific recommendation 
related to reducing glucose variability would be for the 
patient to eat more regularly. A specific recommendation 
related to increasing glucose median may be to reduce the 
dose or dose rate of glucose-lowering medication, for 
example. 
0160 The Target Zone is the ultimate goal for the patient 
and HCP (e.g., doctor or other health care professional). In 
certain embodiments, the Target Zone is defined as being 



US 2014/0O88392 A1 

above the Hypo Risk line and below a Target line—the Target 
line can be adjusted by the HCP to provide an achievable 
treatment goal appropriate for a particular patient. For 
example, in certain embodiments, the patient is in the Target 
Zone if a) the TRP is not below the Hypo Risk line and b) the 
metric centroid falls within the Target Zone. 
0161. In certain embodiments, the Buffer Zone is defined 
as the region above the Target Zone and the Hypo Risk Zone, 
but below a line defined as an offset above the Hypo Risk 
Zone. This offset is representative of the possible or expected 
drop in median due to an increase in glucose-lowering media 
tion, for example. For instance, this Zone may represent the 
region where, if the TRP was contained within it, it would be 
unsafe to recommendan increase in medication, since it may 
drive the patient into the Hypo Risk Zone, assuming that 
glucose variability did not change. In such case, for example, 
the displayed recommendation may be related to reducing the 
patient’s glucose variability. 
0162. In certain embodiments, the “Safe to Titrate' Zone is 
defined as the region where the TRP is above the Buffer Zone 
and above the Target Zone. For example, here the recommen 
dation may be related to increasing the patient’s glucose 
lowering medication dose in order to reduce their median 
glucose. 
(0163 FIG.33 illustrates a flowchart for a method of rec 
ommending treatment using mapped metrics, according to 
certain embodiments. In the embodiment shown, SMBG test 
data is provided and a metric (e.g., glucose median and vari 
ability) is estimated as well as the metric uncertainty due to 
sub-sampling. A confidence bubble (e.g., 95% confidence 
bubble) is estimated and compared to the various Zones (e.g., 
hypo risk Zone, target Zone, Safe-to-treat Zone) to determine 
an appropriate treatment recommendation. In some instances, 
the “in-target comparison may be based on “expected met 
ric rather than 95% confidence. Further, the current medica 
tion dosage may be considered in determining the appropriate 
treatment recommended. 

0164. It should be appreciated that the embodiments 
shown are exemplary and that the control grid may be fash 
ioned a number of different ways in other embodiments. For 
example, the Straight lines in the embodiments shown may be 
curve—e.g., the Hypo Risk line. 
0.165. As another example, a control grid embodiment is 
shown in attached FIG. 34 which illustrates two modifica 
tions to the previous Control Grid embodiment shown in FIG. 
31. The first modification is the removal of the Buffer Zone 
and replacement with recommendations displayed that spe 
cifically indicate the distance from the Hypo Risk line. For 
instance, for a TRP that is located 30 mg/dL above the Hypo 
Risk line in the “Safe-to-Titrate' Zone, the recommendation 
may read “Increase dose of glucose-lowering medication, 
margin to safely reduce median glucose is 30 mg/dL'. The 
modified recommendations may indicate both the margin 
above and below the Hypo Risk line. For instance, for a TRP 
that is located 10 mg/dL below the Hypo Risk line, the rec 
ommendation may read "Decrease dose of glucose-lowering 
medication, a 10 mg/dL increase in median glucose is needed 
to reduce hypoglycemia risk to a safe level. Alternatively, the 
recommendation may indicate the positive or negative hori 
Zontal distance from the Hypo Risk line, in terms of variabil 
ity reduction. Combinations of these are also contemplated. 
In some instances, one reason to eliminate the fixed buffer 
Zone is that dose increments may achieve different glucose 
median reductions, depending on the medication used or the 
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patient's physiology. Another embodiment is to provide a 
mechanism where the HCP can modify the Buffer Zone 
depending on these factors that could impact glucose median 
reductions. 
(0166 The second modification to the Control Grid shown 
in attached FIG.34 is the addition of a vertical Variability line 
used to drive variability related recommendations. In the con 
trol grid shown, some or all of the Zones are further divided 
into sub-zones. In the sub-zones where the centroid metric is 
to the right of the Variability line, variability related recom 
mendations are provided. Where the centroid metric is to the 
left of the Variability line, variability related recommenda 
tions are not provided. The Variability line may be defined as 
fixed at a specific location on the X-axis; that is, at a specific 
variability value. In certain embodiments, the X-axis location 
of the Variability line depends on the Target line and/or the 
Hypo Risk line. For instance, the location may be determined 
by the intersection of the Target line and the line defined as 50 
mg/dL above the Hypo Risk line. This provides for variability 
recommendations appropriate for the target set for a specific 
patient. 
0167. In some embodiments, a control grid includes a 
buffer Zone at an offset above and/or below the Hypo Risk 
line. For instance, if the TRP is within this Zone, then the 
recommendations does not include a recommendation for 
medication adjustment. Outside this Zone, the recommenda 
tion includes a medication adjustment recommendation. In 
Some embodiments, a control grid includes a Zone defined by 
the Hypo Risk Zone divided by the Target line. For example, 
for a centroid metric above this line, the recommendation 
does not include decreasing medication; but below the line, 
the recommendation includes decreasing medication. It 
should be appreciated that these embodiments are exemplary 
and demonstrate how alternative Zones may be designed and 
utilized in various embodiments. 
0.168. In some embodiments, Zones may also indicate mul 
tiple recommendations at varying degrees of importance. The 
degree of importance may be indicated, for example, by the 
order in which they are listed, or by color coding the recom 
mendations, or by any other appropriate means. 
0169. In some embodiments, recommendations may also 
include other factors not directly related to treatment. For 
example, the recommendations may pertain to the need to 
increase SMBG sampling frequency. Additional Sub-Zones 
may be included in the control grid, for instance. Such that 
when the TRP is below the Hypo Risk line, but the centroid 
metric is above the Hypo Risk line, the recommendation 
includes reduction in variability and the need to increase 
sampling frequency in order to reduce uncertainty in the 
metric. The sampling frequency increase recommendation 
may also be generated by comparing the size of the “uncer 
tainty bubble' to a predetermined size and if the bubble 
crosses one or more of the lines on the grid, then an increase 
in sampling frequency is recommended, for example. Various 
measures of “uncertainty bubble' size may be contemplated, 
including a figure of merit of the distance between the cen 
troid and the TRP. 

Configuration of Control Grid Logic 
0170 In some aspects of the present disclosure, the param 
eters of the control grid may be modified by the HCP. For 
example, the Software that implements the automated therapy 
recommendation logic provides an interface. Such as a popup 
screen or window, for the HCP to modify the control grid— 
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e.g., alter the lines on the control grid, select certain features 
of the control grid, etc. For instance, in certain embodiments, 
the HCP may select from a list of possible Target levels and 
Hypo Risk levels. The Target levels on the list may be asso 
ciated with various diabetes complication statistics such as 
corresponding Alc. For instance, it may be more acceptable 
for a patient with A1c of 10% to have a near-term target of 9% 
rather than 7% so as not to be discouraged. The Hypo Risk 
levels may be adjusted as necessary to tailor to a patients 
tolerance of hypoglycemia. The Hypo Risk pick list labeling 
may be associated with expected frequency of hypoglycemia, 
a relative measure of hypoglycemia risk Such as High, 
Medium, Low, or any other appropriate labeling. 
0171 In the software, the Recommendation algorithm 
may be initially run with default parameters (either pre 
defined in the code or set to the last algorithm run for that 
patient from a previous doctor's visit). In some embodiments, 
a popup window or other interface may be provided to allow 
the HCP to alter one or more of these algorithm input param 
eters as needed, and the algorithm is rerun, generating new 
recommendations. 

Control Grid by Time of Day 

0172. In some aspects of the present disclosure, the control 
grid based algorithm is used to process data for specific time 
periods of the day or relative time periods related to key 
events. For example, four key time periods may be defined as 
overnight/fasting (12am-8am), post breakfast (8am-12pm), 
post lunch (12 pm-6pm), and post dinner (6 pm-12 am). 
Glucose data collected for multiple days can be grouped into 
these time periods and the control grid algorithm run for each 
group. In this way, recommendations that are specific to time 
periods may be generated. For instance, variability recom 
mendations may be generated specific to meals or overnight. 
For patients whose treatment is multiple daily injections 
(MDI) of insulin, the time-period targeted recommendations 
may be specific to insulin needs during these times of day. For 
instance, the control grid for the over-night/fasting period 
may indicate that medication dosage should be increased; the 
recommendation may indicate that the patient's long-acting 
insulin dose should be increased. 

0173. In some instances, multiple control grids may be 
used. The treatment recommendation logic may in some 
cases be more complicated when multiple control grids are 
used. An example of this logic is shown in the attached FIG. 
35. In the embodiment shown in FIG. 35, the method is 
repeated for different time-of-day (TOD) periods—e.g., post 
breakfast (PB), post lunch (PL), post dinner/early sleep (PD) 
and late sleep/walking (W). The results from each time period 
analysis may be used to determine an appropriate treatment 
recommendation. For example, as shown, the results for each 
time-of-day period may be prioritize and/or weighed to deter 
mine the appropriate treatment recommendation. 
0.174. In some aspects of the present disclosure, the control 
grid algorithm is applied to time periods defined relatively to 
events. For example, data grouping may be determined a) 4 
hours past breakfast, b) 4 hours past lunch, c) 4 hours past 
dinner, and d) 4-10 hours past dinner. It should be appreciated 
that various permutations of this example may be imple 
mented in other embodiments. The data groups may then be 
processed by the multiple control grid algorithm described 
above. 
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Second-Stage Logic to Drive Recommendations 
0.175. In some aspects of the present disclosure, there is 
provided an additional logic process to narrow down possible 
recommendations. For example, the treatment recommenda 
tion described above using the control grid algorithm may be 
augmented to include a second-stage process to further nar 
row the possible recommendations that may be made. For 
instance, there are many different recommendations for 
reducing glucose variability, Such as "stop snacking”, “don’t 
forget to take your medication”, “don’t miss meals”, “adjust 
correction dose of insulin'. A glucose control Zone may be 
associated with a number of these recommendations. A sec 
ond-stage process may be implemented to narrow down the 
list of recommendations. For example, this second-stage pro 
cess may utilize detection of episodic patterns to narrow the 
list of recommendations. For instance, if an instance of low 
fasting glucose is detected preceded by a post-dinner high 
glucose, this may be an indication of occasional correction 
dosing to mitigate a high glucose value, and the logic could 
direct the recommendation to only include “adjust correction 
dose of insulin'. In some instances, the process may require a 
certain frequency of occurrence of an episodic pattern. 
Recommendation Structure and Logic Integrated with Treat 
ment Stage 
0176). In some aspects of the present disclosure, the map 
ping of glucose data to treatment recommendations may be 
implemented with the use of a lookup table. For example, the 
inputs to the lookup table are the output of the control grid 
analysis and the current treatment and treatment stage. The 
outputs of the lookup table are recommendations of different 
types that are displayed. FIG. 36 illustrates an example of a 
treatment recommendation lookup table, according to certain 
embodiments. For the embodiment shown, multiple recom 
mendations may be associated with a single input combina 
tion. It should be appreciated that while a lookup table has 
been used for exemplary purposes, the concept of a lookup 
table may easily be extended to more complex glucose metric 
to recommendation mappings. 
0177. In some instances, recommendations may comprise 
text that is directly displayed, as indicated in the column 
labeled "Recommended Text” in FIG. 36. In some embodi 
ments, the recommendations may comprise links to Source 
documents and specific pages of the Source documents. The 
content of these source documents may provide more detailed 
instructions regarding treatment changes. For instance, for a 
recommendation to change dosage of a medication or a 
change in treatment, the Source document may be published 
instructions for medication start and adjustment, and the link 
may be specified to present the appropriate page of these 
instructions. In some embodiments, recommendations may 
comprise questions that are displayed—e.g., questions dis 
played to guide or otherwise assist the HCP in interviewing 
their patient to uncover underlying issues in self-care man 
agement. These questions may be in the form of text to be 
directly displayed, or reference material. In some embodi 
ments, recommendations may also comprise guidance about 
testing frequency or how to alter algorithm input parameters. 
Again, the information is targeted based on analysis of the 
patient’s glucose tests. It should be appreciated that one or 
more of the various recommendations may be implemented. 
Further, as illustrated in FIG. 36, recommendations may be 
tailored to current treatment. 
0178. It is appreciated that additional types of recommen 
dations or outputs associated with the inputs to the lookup 
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table may be implemented, including for example: links to 
Sources of definitions, links to appropriate pages of a user 
guide, links to graphical displays of the data appropriate to 
illustrate the glucose analysis finding and recommendation, 
etc. In some instances, for example, the links may be instan 
tiated by the user via buttons (e.g., buttons associated with the 
recommendation and placed when needed), or they could be 
instantiated similarly with a hotspot, or could automatically 
present the linked information in a popup window or a win 
dow dedicated for this information. 
0179. In certain embodiments when recommendations are 
to be provided based on multiple time-of-day periods, the 
structure for the lookup table may be altered. For example, in 
Some instances, this may be done using multiple tables or 
incorporating multiple algorithm result inputs and multiple 
associated groups of recommendations into a single table. 
0180. In certain embodiments, when a second stage pro 
cess is employed, the lookup table is adjusted to accommo 
date the second stage process. For example, if hypoglycemic 
risk is detected in 3 of the 4 time-of-day periods, rather than 
display a separate recommendation related to reducing 
hypoglycemic risk for each time period, the second stage 
process comprises mapping these into a general recommen 
dation and indicating that it applies to the three time periods. 

Software Application for Representing Sample Data for 
Evaluation and Treatment Recommendation 

0181. In some aspects, there is provided a method for 
representing the sample data comprises transforming glucose 
data from CGM or from SMBG into a location on a plane that 
measures (e.g., average) glucose level and the amount of 
variability in the glucose values. In certain embodiments, the 
method comprises defining the control grid, transforming the 
data into average glucose and glucose variability (e.g., esti 
mating the average glucose and variability from sample data 
provided by, for instance, an SMBG device or system), and 
plotting the transformed data on the control grid. 
0182. The following paragraphs describe an example 
method for representing the sample data, according to certain 
embodiments. While some of the information describe may 
be duplicative to that described above; the following descrip 
tion and example embodiments provide further details 
describing for representing the sample data with, and map 
ping the metrics on, a control grid. The following example 
utilizes data derived using blinded CGM data from 66 sub 
jects in a study. It should be appreciated that in other embodi 
ments, a different sample grouping may be used for derivation 
purposes. 
0183 In certain embodiments, the method comprises 
defining a control grid. For example, the control grid is plane 
upon which glucose level and variability is charted. FIG. 37 
illustrates a control grid, according to certain embodiments. 
In the embodiment shown, the ordinate of the control grid is 
median glucose. Median glucose is a measure of the glucose 
level. The abscissa of the control grid is the difference of the 
median glucose and the 10th percentile value of the glucose, 
known as the “south 40. This difference is a measure of the 
glucose variability. It should be appreciated that the ordinate 
and the abscissa may be different in other embodiments. For 
example, the abscissa may be the difference between the 
ordinate (e.g., median glucose) and another reference value 
for glucose (e.g., a different percentile value other than 10th). 
0184 In some aspects, one or more patient risks is repre 
sented. Example patient risks may include, but are not limited 
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to, chronic clinical risks Such as retinopathy risk, acute risks 
Such as risk of hypoglycemia. For example, for this example, 
a patient’s risk of hypoglycemia (also referred to herein as 
“hypo') is tracked. In certain embodiments, hypoglycemia is 
counted in terms of occurrences, rather than, for example, 
fraction of time spent below a threshold value of glucose. For 
example, one hypoglycemic occurrence may be defined by a 
predetermined amount of time below a threshold glucose 
value—e.g., at least 40 continuous minutes below 60 mg/dl. 
or at least 30 continuous minutes below 50 mg/dl., or at least 
20 continuous minutes below 40 mg/dl., etc. In some 
instances, requirements may be imposed between two occur 
rences. For example, in certain embodiments, two occur 
rences of hypoglycemia are separated by a predetermined 
minimum amount of time of non-hypoglycemia (e.g., 20 con 
tinuous minutes, etc.). 
0185. When occurrences of hypoglycemia are counted 
and divided by elapsed time to get the rate of hypo occur 
rences, lines of constant rate of hypo occurrence extend from 
the lower left of the Control Grid to the upper right. Low rates 
of occurrence are at the upper left of the grid, where average 
levels are high and the variability is low. High rates of occur 
rence are at the bottom right of the grid. Linear classification 
theory may be used to find straight lines that mark different 
rates of occurrence. Other methods, such as Support Vector 
Machines, can also be used. FIG.38 illustrates a control grid 
with lines of constant hypoglycemia rate shown thereon, 
according to certain embodiments. The black dots shown on 
the control grid represent positions on the grid for the 66 
subjects used to derive the lines. Constant lines are shown for 
1 occurrence per month, 2 occurrences per month, 5 occur 
rences per month, and 8 occurrences per month. It should be 
appreciated that in some embodiments, the control grid may 
distinguish between different types of diabetes—e.g., one 
symbol used for Type 2 diabetes mellitus and another symbol 
for Type 1 diabetes mellitus. 
0186. In some instances, the lines of constant hypoglyce 
mia rate are adjusted to provide parallel approximations that 
may be more useful in certain analysis applications. FIG. 39 
illustrates the control grid shown in FIG. 38 with parallel 
approximations of the lines of constant hypoglycemia rate. As 
shown, the four constant lines are now parallel to one another. 
A formula may be derived, for instance, such that the lines 
may be defined according to the rate of hypoglycemia occur 
rence. For example, the following formula may be used to 
represent the values of glucose median at a given rate of hypo 
OCCUCC 

Glucose Median=104.25-5*(hypo rate)+1.25*(South 
40) 

where glucose median and South 40 are in mg/dL, and 
hypoglycemia rate is in occurrences per month. 
0187. In some aspects, a predetermined rate of hypogly 
cemia occurrence may be used to represent a danger to the 
patient. The predetermined rate may be based on a clinical 
decision, for example. Once a predetermined rate is deter 
mined, a control grid can be split into two parts using the 
predetermined rate. FIG. 40 illustrates a control grid showing 
a hypoglycemia risk Zone (Hypo Risk Zone), according to 
certain embodiments. The border between the two sections is 
the line of predetermined hypoglycemia rate. The Hypo Risk 
Zone may be defined by the border, and patients in the hypo 
risk Zone at the lower right may be determined to have an 
unacceptable risk of hypoglycemia. The first goal of treat 
ment may be, for example, to get patients out of this area. 



US 2014/0O88392 A1 

0188 In some aspects, a patients target A1c level is deter 
mined and represented on the control grid to provide for a 
target Zone. For example, after setting the Hypo Risk Zone 
boundary, a clinical decision may determine the patients 
target A1c level. FIG. 41 illustrates possible A1c target values 
on the control grid of FIG. 40, according to certain embodi 
ments. The A1c target value is directly related to the value of 
the glucose level, and not to the glucose variability, thus the 
lines are horizontal. 

0189 The target A1c level chosen defines the Target Zone. 
The area of the control grid below the A1c target value that is 
not in the Hypo Risk Zone becomes the Target Zone. For 
example, FIG. 42 illustrates the control grid shown in FIG. 41 
with a defined target Zone, according to certain embodiments. 
As shown, an Alc target value of 7% is used and defines a 
Target Zone on the control grid that is below the horizontal 
line for a 7% A1c target value but not in the Hypo Risk Zone. 
In this way, for example, a treatment goal may comprise 
keeping patients in the Target Zone or moving patients into 
the Target Zone and keeping them there. 
0190. In some aspects, additional Zones are added to the 
control grid. For example, FIG. 43 illustrates the control grid 
of FIG. 42 with two additional Zones, according to certain 
embodiments. The control grid comprises a buffer Zone and a 
“Safe to Titrate Zone. The Buffer Zone includes the area 
along the border of the Hypo Risk Zone and separates the 
“Safe to Titrate' Zone and the Hypo Risk Zone. 
(0191). The slope of the Hypo Risk Zone border and the 
Buffer Zone, and the connection between A1c level and 
median glucose, may be determined based on, for example, 
data from CGM studies and journal articles. The actual posi 
tions of the boundaries may be determined by, for example, 
clinical judgment in setting the acceptable risk of hypoglyce 
mia and the target A1c level. These positions may be known, 
or can be calculated. 

0.192 In some aspects, the control grid may be used to 
direct treatment. For example, a strategy may be devised to 
direct treatment such that the patient avoids the Hypo Risk 
Zone. For instance, avoiding the Hypo Risk Zone may com 
prise reducing variability only (move to the left) when in the 
Buffer Zone, and reducing both variability and median when 
in the “Safe to Titrate Zone. 

0193 In some aspects, sample data is incorporated within 
the control grid. For example, the sample data may be trans 
formed or otherwise manipulated for representation on the 
control grid. 
0194 In certain embodiments, sample data is received for 
a patient. The sample data may originate from various meth 
ods, such as SMBG or CGM. The number of data points 
within the sample may vary. For example, the sample may 
originate using SMBG and include a small number of data 
points (e.g., 10 data points). Or, as another example, the 
sample may originate from CGM and include a larger number 
of data points (e.g., several thousand). 
0195 In certain embodiments, the median and south 40 is 
calculated from the sample data. The calculated median and 
South 40 is associated with a single point on the control grid. 
The calculated median and South 40 are only estimates, and 
there may be uncertainty as to their accuracy. For example, 
the south 40 is a difference of two uncertain numbers. More 
over, if the sample size is small, there may be very few values 
at the low end, and the 10th percentile value may be impre 
C1SC. 
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0196. In some instances, to reduce such imprecision, the 
sample data is “fit to a probability distribution. For example, 
FIG. 44 illustrates a graph of sample data that has been fit to 
a probability distribution, according to certain embodiments. 
The jagged plot for the sample data is shown and follows the 
sample data points (e.g., CGM data). The plot for the sample 
data after being fit to a gamma probability distribution is also 
shown (the smoother plot on the graph). Once the fit has been 
made, the median and south 40 can be calculated from the 
distribution. In other instances, a fit is made to a different 
probability distribution, such as a lognormal or Weibull dis 
tribution. In yet other instances, no such fit is made. The 
median glucose and south 40 are determined directly from the 
data. 
0.197 In some aspects, uncertainty in the estimate is cal 
culated. For example, in certain embodiments, uncertainty in 
the estimate is calculated by using a bootstrap to generate a 
"cloud of points around the sample point. FIG. 45 illustrates 
a sample point shown on a control grid along with a cloud of 
points derived by using a bootstrap. The sample point is 
shown on the control grid as a triangle and the circular points 
Surrounding the sample point are bootstrap points. The boot 
strap points collectively form a “cloud of points. 
0.198. In certain embodiments, a parametric bootstrap is 
used. For example, the parametric bootstrap may include the 
following steps: 
0199 1. Fit the sample to a gamma distribution, G0. 
0200 2. Perform a bootstrap replication 

0201 1. Take random points from G1. Same number of 
points as sample. 

0202 2. Fit these points to a gamma distribution, G1. 
0203 3. Calculate median and south 40 from G1. 

0204 3. Do many bootstrap replications. y prep 
0205 Additional information regarding parametric boot 
strap may be found in the article entitled, “Performance of the 
Parametric Bootstrap Method in Small Sample Interval Esti 
mates', by D. Benton and K. Krishnamoorthy (Adv. & Appl. 
in Stat., 203) (2002), pp. 269-285), the entirety of which is 
incorporated herein by reference. Other example ways to 
generate the point cloud include, but are not limited to, stan 
dard (nonparametric) bootstrap, and cross validation (CV) 
methods, including the jackknife. 
0206. In the example shown in FIG. 45, 56 data points 
make up the sample. Each bootstrap replication drew 56 
random points from GO (defined in step 1 "Fit the sample to a 
gamma distribution, GO above). 500 replications were per 
formed, resulting in 500 black dots shown in FIG. 45. 
0207. The sample point and bootstrap values represent 
probability density of patient positions on the Control Grid. 
Although the triangle is the most likely position, other posi 
tions are probable. For example, if the triangle were located 
on the border of the Hypo Risk Zone, there would be approxi 
mately a 50% chance that the patient was actually in the Hypo 
Risk Zone. 
0208. In some instances, however, a more conservative 
position may be desired. For example, it may be determined 
that the probability that the patient is in the Hypo Risk Zone 
should not be more than a specific percentage (e.g., 5%). 
Accordingly, a line may be drawn parallel to the border of the 
Hypo Risk Zone such that only that particular percentage 
(e.g., 5%) of the bootstrap points are below the line. For 
example, FIG. 46 illustrates the data shown in FIG. 45 with a 
line drawn parallel to the border of the Hypo Risk Zone such 
that only 5% of the bootstrap points are below the line. The 
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line is shown extending from the bottom left of the figure to 
the top right of the figure. Furthermore, a second line perpen 
dicular to this line and passing through the sample point may 
be used to define a Treatment Recommendation Point (TRP), 
as shown in FIG. 46. The intersection of these two lines 
defines the Treatment Recommendation Point (TRP) repre 
sented by the second triangle positioned at the intersection of 
the two lines. The TRP may then be moved by modifying the 
patient’s treatment to the border of the Hypo Risk Zone to 
provide the 5% probability. It should be noted that 5% is an 
example, and any percentage may be used in other embodi 
mentS. 

0209. In certain embodiments, the TRP location is defined 
using projections of each bootstrap point. For example, defin 
ing the TRP location may comprise finding the projection of 
each bootstrap point along the perpendicular line pointing 
towards the Hypo Risk Zone. This may done, for example, by 
taking the dot product of each bootstrap point with the per 
pendicular line. FIG. 47 illustrates a projection of one boot 
strap point along a line perpendicular to the lines of constant 
hypoglycemia rate on a control grid, according to certain 
embodiments. The sample point is shown as a triangle with 
the perpendicular line extending through the sample point. 
The bootstrap point is shown as the circular dot off to the right 
of the sample point, and its projected value on the perpen 
dicular line is also shown (as the circular dot illustrated on the 
perpendicular line). 
0210 Defining the TRP location may also comprise deter 
mining a one-sided confidence limit of the resulting projected 
values. While various one-sided confidence limits may be 
used, a one-side confidence limit of 95% has been described 
for the given example. In certain embodiments, the confi 
dence limit is determined by counting points. For example, 
the 95th percentile of the projected values may be determined 
Bootstrap-derived confidence limits may be undependable 
when sample sizes are Small, and thus a more reliable method 
may be used. For example, in certain embodiments, the Bias 
Corrected and Accelerated method is used. Additional details 
regarding this method may be found in the article, “A Practi 
cal Introduction to the Bootstrap Using the SAS System', by 
N. Barker (SAS Conference Proceedings, Phuse 2005, paper 
PK02), the entirety of which is incorporated herein by refer 
CCC. 

0211 For example, for the Bias Corrected and Accelerated 
method, the bias to be corrected is the difference between the 
sample point and the median of the bootstrap projected val 
ues. The bias correction may be represented by: 

(unles of projected values < sample sale 
X0 number of projected values 

0212 where d is the cumulative density of the normal 
probability distribution, and d-1 is the inverse. 
0213. In some instances, additional calculations are 
needed for the acceleration part. For example, a jackknife is 
first performed on the sample as follows: 
0214) 1. Leave out one data point from the sample. 
0215 2. Calculate south 40 and median from the reduced 
Set. 
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0216 3. Calculate the projected value, pi. 
0217. 4. Repeat for every data point. 
0218. The jackknife yields as many estimates as there are 
sample values, and the mean value of estimates may be cal 
culated, <p>. The acceleration factor may be defined as: 

X. ((p) - p.) 
3.2 G2 (p) = p) 

0219. The corrected percentile may be determined using 
the bias correction and the acceleration factor. For example, 
the following may be used to determine the corrected percen 
tile: 

Xo + d (of 100) Cl 100+. -- - 
1 - a(xo + d (of 100)) 

0220 where C. is the desired percentile (e.g., 95). 
0221. In some instances, confidence limits may be used to 
calculate a boundary line or “bubble' that gives an indication 
of the size of the bootstrap cloud. For example, FIG. 48 
illustrates a boundary line of a bootstrap cloud that was cal 
culated using confidence limits, according to certain embodi 
ments. The boundary line of the bootstrap cloud is shown 
along with the TRP (shown as a triangle) and Hypo Risk Zone 
border line. In this way, the boundary line of the bootstrap 
cloud may be used for display instead of the points them 
selves. 
0222 Each point on the boundary line of the bootstrap 
cloud is found in the same way as the TRP value, for example. 
The direction of the line drawn through the sample point 
varies, and the resulting polygon is Smoothed. 
0223) In some instances, confidence limits may be used to 
show the extent of the estimate uncertainty along the direction 
of hypo risk. For example, the TRP and the symmetric point 
on the other side of the sample point (also referred to hereinas 
an “anti-TRP point) may be calculated. FIG. 49 illustrates a 
control grid showing a sample point, TRP, and an anti-TRP 
value, according to certain embodiments. The sample point is 
the middle triangle shown in the figure, and the TRP is the 
triangle at the 95th percentile along the dashed perpendicular 
line below and to the right of the middle triangle. The “anti 
TRP” is thus the triangle at the 5th percentile along the dashed 
perpendicular line above and to the left of the middle triangle. 
0224. The distance between the two dashed perpendicular 
lines is the 90% two-sided confidence interval of the control 
grid estimate in the direction where the hypo rate is varying 
most quickly. This may used, for example, to advocate for 
larger or Smaller sample sizes, because larger samples pro 
duce Smaller confidence intervals. For instance, it may be 
used in-house as a figure of merit to evaluate various testing 
schedules. 
0225. In some aspects, treatment may be guided when the 
relationship between the TRP and control grid Zones is 
known. For example, the vertical and horizontal distances of 
the TRP from the Hypo Risk Zone boundary may be calcu 
lated. FIG.50, illustrates the vertical and horizontal distances 
from a Hypo Risk Zone border line to a TRP point on a control 
grid, according to certain embodiments. 
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0226 Positive and negative distance may be defined—e. 
g., distances may be defined as positive if the TRP point is 
above or to the left of the border line. In this way, the signs of 
the distances determine which Zone the TRP is in, and the 
magnitudes may be used to guide the treatment changes. For 
example, if the vertical distance of the TRP to the Hypo Risk 
Zone border is -50 mg/dl., then the patient is in the Hypo Risk 
Zone. The doctor might decide that the easiest way to leave 
the Zone is to move vertically upwards by 50 mg/dl., using the 
patients insulin sensitivity to calculate the decrease in basal 
dose. 

0227. The perpendicular distance from the TRP to the 
border (shortest distance) may be derived by: 

wh 

0228 where v is the vertical distance, and h is the hori 
Zontal distance. This can be seen by calculating the area of the 
triangle using the vertical and horizontal distances, and by 
calculating again using the perpendicular distance and the 
hypotenuse 
0229. It should be appreciated that in some instances, one 
or more steps of the method described above may vary—e.g., 
one or more steps omitted, one or more steps combined, one 
or more steps performed in an a different order, one step 
performed in multiple steps, etc. 

Determination of Appropriate Glucose Testing Schedule 
Based on Patient’s Glucose Control Level and Clinical Risk 

0230. In some aspects, there is provided a process for 
determining an appropriate glucose testing schedule based on 
a patient’s glucose control level and clinical risk. 
0231. A patient’s state of glucose control can be assessed 
in terms of 2 simple metrics. The first relates to the ability to 
maintain a desirable glucose level on average. The second 
relates to the ability to minimize the glucose excursion in the 
presence of meals and other factors. As described above, one 
method to graphically present these two metrics comprises 
the median glucose as the first metric, and the difference 
between the median and the 10th percentile glucose as the 
second. This graphical representation, called glucose control 
grid orchart. In the absence of high density data, Such as from 
a continuous glucose monitoring (CGM) system, a glucose 
testing schedule may be used to collect the data. 
0232. In addition to the patient’s state of glucose control, 
other clinically relevant information can be provided to 
enhance one’s understanding of the impact of a planned treat 
ment on the patient’s various clinical states. 
0233. In some aspects of the present disclosure, there is 
provided a method wherein the appropriate testing schedule 
is a function of an a priori (e.g. population-based) uncertainty 
of various testing schedules and the relevant clinical risk 
being reviewed for each patient, as a reflection of the patients 
state of glucose control. 
0234. As described above, a glucose control grid may be 
used to provide a Snapshot of a patient’s glucose control. The 
snapshot represents the multitudes of blood glucose (BG) 
data from self monitoring BG (SMBG) fingerstick readings 
and/or CGM system recordings over the course of days or 
weeks in between visits to the patient’s health care provider 
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(HCP), into a single point in the chart. In the case of SMBG as 
the sole data source, the patient needs to follow a pre-deter 
mined testing schedule. 
0235 Since the testing schedule may only sample glucose 
values and may not capture all the essential nature of a 
patient's state of glucose control, the uncertainty Surrounding 
the single point estimate as presented in the glucose control 
chart depends on the testing schedule. FIG. 51 illustrates 
contour plots of a probability distribution function of a 
patient's state of glucose control, according to certain 
embodiments. For example, the distribution may be obtained 
from a patient performing a prescribed testing schedule over 
14 days, and then using the bootstrap method to obtain 400 
more estimates. This set of 400 glucose control grid data 
points is then used to create a probability distribution func 
tion. In the embodiment shown in FIG.51, the 25%, 50%, and 
75% contour heights are displayed. In this way, the uncer 
tainty level of the patient’s estimated glucose control level is 
represented. 
0236. In some aspects, different SMBG testing schedules 
may be implemented. For example, depending on the level of 
glucose control and the relevant clinical risk being focused 
on, different SMBG testing schedules that focus on different 
times of the day, different times relative to events such as 
meals and exercise, and testing frequency, may be needed. 
FIG. 52 shows the same distribution from the same patient 
shown in FIG.51, in the context of two different clinical risks, 
namely the risk of retinopathy (horizontal lines) and risk of 
Severe hypoglycemia (diagonal lines), according to certain 
embodiments. For example, the control grid shows the con 
stant lines for 1 occurrence per month, 5 occurrences per 
month, and 9 occurrences per month. If the difference 
between five hypos per month and nine hypos per month is 
clinically relevant, then given the patient’s current state of 
glucose control, the prescribed testing schedule is marginally 
able to distinguish a clinically meaningful change in severe 
hypoglycemia risk. This is because the extent of the contour 
lines is comparable to the distance between very different 
amounts of hypoglycemic risk. Assuming there is no large 
clinical difference between the 1% and 2% retinopathy lines, 
the testing schedule is sufficient to distinguish a clinically 
meaningful change in risk of retinopathy. Since the contour 
line span is significantly smaller than the gap between the 
nearest two retinopathy risk lines, the testing schedule is 
adequate to measure the patient’s level of retinopathy risk. 
0237. The testing schedule used for the illustration in FIG. 
52 may or may not be adequate in assessing different clinical 
risks for the same patient. This was already shown by the fact 
that the width of the contour lines along the different clinical 
risk gradient lines; risk of severe hypoglycemia and risk of 
retinopathy; are not the same. Similarly, the testing schedule 
used for the illustration in FIG. 52 may or may not be 
adequate in assessing the same clinical risks for a different 
patient, or the same patient with a significantly altered level of 
glucose control. FIG. 53 illustrates contour lines for 6 addi 
tional patients plotted on the same control grid, according to 
certain embodiments. Each set of contour lines A, B, C, D, E, 
F, and G represent the contour lines for one of the seven 
patients. 
0238. Note that as the patient’s glucose variability 
increases (as represented by a larger X-axis value), and as the 
patient’s propensity for high BG (blood glucose) value 
increases (as represented by a larger y-axis value), the same 
testing schedule generates different uncertainty levels as indi 
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cated by the different contour line size and shapes. For 
example, it may not possible to say anything definite about the 
patient C’s risk of hypoglycemia, as the uncertainty contours 
span a range from less than one occurrence per month to more 
than nine occurrences per month. This is important because 
either extreme can trigger different sequences of treatment 
priorities. For example, the former would put the patients 
high mean glucose as the immediate focus for improvement, 
while the latter could result in the temporary reduction of 
glucose lowering medications to reduce the acute mortality 
risk associated with severe hypoglycemia. 
0239 When a more stringent testing schedule is adopted, 
for example, the uncertainty of the patient’s glucose control 
generally decreases regardless of the level of glucose control 
(e.g., regardless of where the point is in the glucose control 
chart). FIG. 54 illustrates the contour lines generated from a 
relatively stringent testing schedule on the same 7 patients as 
shown in FIG. 52, according to certain embodiments. Com 
pared to FIG. 53, the uncertainty levels are markedly 
decreased, particularly in areas of poor glucose control. For 
patients A and E, for example, the more stringent testing 
schedule may not offer any significantly better insight with 
respect to the two clinical risks discussed as examples. How 
ever, for patient F, who achieves low glucose variability while 
maintaining high mean glucose levels, the more stringent 
testing schedule may help differentiate the patient’s risk of 
retinopathy when compared to the next or previous visit (not 
shown in the plots). Furthermore, patient D's risk of hypogly 
cemia has been clarified. 
0240. In some aspects, there is provided a method togen 
erate uncertainty levels of a patient’s state of glucose control 
estimate as a function of specific SMBG testing schedules, a 
given clinical risk, and the two axis of the glucose control 
chart. 
0241. In certain embodiments, different SMBG testing 
schedules are collected, wherein for each schedule, uncer 
tainty levels are computed a priori from population data. 
0242. In certain embodiments, the population data is com 
prised of CGM values or SMBG data taken at a relatively 
frequent interval that approaches that of a CGM. For 
example, in Some instances, the frequency interval may range 
from once every 15 minutes of faster. In other instances, less 
frequent frequency intervals may be used. 
0243 In certain embodiments, the population data is 
obtained from human studies wearing CGM systems. 
0244. In certain embodiments, the population data is 
obtained from in-silico human models representing a wide 
range of demographics, state of diabetes, and various other 
physiological parameters. 
0245. In certain embodiments, the uncertainty levels from 
the population data is projected along the gradient of a par 
ticular clinical risk. This may result, for example, in a map of 
uncertainty levels for a given SMBG testing schedule and 
clinical risk as a function of the two axis of the glucose control 
chart. 
0246. In certain embodiments, adequate and inadequate 
areas in the glucose control chart are identified for each com 
bination of SMBG testing schedule and clinical risk being 
considered. For example, an area may be considered adequate 
if it has a sufficiently small uncertainty level relative to a 
clinically relevant gradient change. Otherwise, it is consid 
ered to be inadequate. For example, FIG. 55 illustrates the 
determination of areas where a given testing schedule is 
adequate vs. inadequate in detecting a clinically meaningful 
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change in risk of retinopathy, according to certain embodi 
ments. For FIG.55, a testing schedule of 4 times a day at 7am. 
11 am, 5 pm, and 10 pm was used. It should be appreciated 
that different testing schedules may be implemented—e.g., 
that include any number of additional times in the day. 
0247. In FIG. 55. The shaded area corresponds to areas 
where the particular testing schedule is not adequate in 
detecting a clinically meaningful change in the risk of retin 
opathy, because the spread of the estimates along the direc 
tion of clinical change is much larger than the distance 
between local clinical risk lines. Thus, for example, it may be 
determined that a patient whose current state of glucose con 
trol puts their estimates in the inadequate space relative to the 
clinical risks being considered will need to follow a different 
testing schedule. Conversely, a patient whose glucose state is 
far from the boundary between inadequate and adequate 
region may be determined to be able to use a potentially less 
demanding testing schedule. It should be appreciated that 
different clinical risks (e.g. Severe hypoglycemia, diabetic 
ketoacidosis, kidney failure, etc.) may result in different 
boundaries between adequate and inadequate areas for the 
same testing schedule. 
0248. In some aspects, there is provided a method to uti 
lize the mapped uncertainty levels in the context of a specific 
set of clinical risks to provide a recommended SMBG testing 
schedule specific to each patient’s latest state of glucose 
control. 
0249. In certain embodiments, given apatient’s initial data 
under the particular SMBG testing schedule, the proper map 
described above (the map representing uncertainty levels of a 
patient's state of glucose control estimate as a function of 
specific SMBG testing schedules, a given clinical risk, and 
the two axis of the glucose control chart) is referenced to see 
if the patient’s glucose control estimate falls within the 
adequate or inadequate region. 
0250 In certain embodiments, clinical risks being consid 
ered, a recommended SMBG testing schedule is offered that 
will not render the patient’s testing efforts meaningless for the 
clinical aspect being focused on. 
0251. In certain embodiments, given the set of SMBG 
testing schedules that a patient can fall into the adequate 
range, and given the intended direction of the next treatment 
leading to the next follow-up visit, an SMBG testing schedule 
that puts the next predicted State of glucose control into an 
adequate range is considered, and one that is the least 
demanding may be offered to the patient. In this way, the least 
demanding schedule may be offered that will still allow for a 
useful determination of changes in clinical risk while keeping 
in mind that while a more demanding schedule may be ideal, 
it may practically be the exact opposite when a patients 
concordance is too low. 

Graphical Presentation of Clinical Impact on Patient’s State 
of Glucose Control 

0252. In some aspects, there is provided a method for 
graphically representing clinical impact on a patient's state of 
glucose control. 
0253) In addition to the patient’s state of glucose control, 
other clinically relevant information can be provided to 
enhance one’s understanding of the impact of a planned treat 
ment on the patient's various clinical state. 
0254. In some aspects, there is provided a method 
whereby clinically relevant states (e.g., long term cardiovas 
cular risk, long term retinopathy risk, short term diabetic 
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ketoacidosis risk, acute hypoglycemia risk, etc.) are adapted 
by performing transformations and mapping from population 
data. In this way, given a patient's State of glucose control, as 
shown in the glucose control chart, the various clinical risks 
may be identified, in order to provide relevancy in selecting a 
median glucose target. 
0255 Long-term complications may cause major morbid 

ity and mortality in patients with insulin-dependent diabetes 
mellitus. Studies have established these clinical risks with 
measurable markers, where an association between long 
term complications and Hb A1c are often made. For example, 
associations between Hb Alc and risk of progression of ret 
inopathy, and between Hb Alc and risk of severe hypoglyce 
mia have been made—e.g., Such as described in the article, 
“The Diabetes Control and Complications Trial Research 
Group, “The Effect of Intensive Treatment of Diabetes on 
Development and Progression of Long-Term Complications 
in Insulin-Dependent Diabetes Mellitus” (The New England 
Journal of Medicine, v329, n.14, 1993), the entirety of which 
is incorporated herein by reference. FIG. 56 illustrates the 
association between Hb A1c and risk of retinopathy and 
HbAlc and risk of sever hypoglycemia. 
0256 Focusing on the association between Hb A1c and 
risk of retinopathy as an example, a connection may be made 
to the glucose control chart. For example, one method may 
use an association between estimated average glucose (eAG) 
and Hb Alc. Using population data, a further association can 
be made between eAG and one or more axis of the glucose 
control chart. For example, an association may be made 
between eAG and the median glucose axis of the glucose 
control chart. Various methods can be used to obtain these 
associations. For example, the association between eAG and 
median glucose may be made by computing the eAG and 
median glucose values of a population of patients, and then 
using these pairs to fit a curve by Least Squares Error fit or 
other curve fitting methods. In another embodiment, a non 
parametric approach may be taken, where a table is generated 
that maps a certain range of eAG to a range of median glucose, 
and vice versa. 
0257 FIG. 57 illustrates a mapping a clinical risk, namely 
risk of retinopathy, onto a glucose control chart, according to 
certain embodiments. The graphical overlay of retinopathy 
risk may be added onto the glucose control chart, as shown in 
FIG. 57, by, for example: 1) using a Least Squares Error fit of 
a line may be used to define the correlation between median 
glucose and eAG; 2) using a correlation between eAG and 
HbAlc—e.g., using a previously published correlation 
between eAG and Hb A1c, such as described in the article by 
Nathan et. Al, entitled “Translating the A1c Assay Into Esti 
mated Average Glucose Values” (Diabetes Care, V.31, n8, 
2008), the entirety of which is incorporated herein by refer 
ence; and then 3) determining the logarithmic correlation 
between HbA1c and risk of retinopathy. 
0258. In FIG.57, each patient’s state of glucose control, as 
represented by a single icon (each cross indicates a Type 2 
Diabetes Mellitus patient, each circle indicates a Type 1 Dia 
betes Mellitus patient), can be viewed directly in terms of 
their clinical risk. In particular, the figure shows each 
patient's retinopathy risk. In addition, given an expected 
change in median glucose and glucose variability, an antici 
pated change in clinical risk may be estimated. 
0259 FIG. 58 illustrates multiple clinical risks-clinical 
risk of retinopathy and acute risk of hypoglycemia—overlaid 
on glucose control chart, according to certain embodiments. 
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The control grid also shows the constant lines for the number 
of occurrences of hypoglycemia per time period (e.g., 1, 5. 
and 9 occurrences per month). 
0260 FIG. 59 illustrates an example of a patient’s state of 
glucose control relative to two clinical risks, according to 
certain embodiments. The two risks are risk of retinopathy 
and hypoglycemia. If, for example, a patient’s latest state of 
glucose control is represented by the diamond icon in FIG.59. 
the patient has a 4% chance of suffering from retinopathy, and 
5 severe hypoglycemic events per month, if no change is 
made on the patient’s state of glucose control. The circle and 
cross icons represent, for example, two medical options that 
are available. While the second option offers a 50% reduction 
in retinopathy risk, the acute risk of hypoglycemia remains 
practically unchanged. The first option on the other hand, 
allows the patient to resolve the immediate issue of hypogly 
cemia risk, although at the cost of an increased risk of retin 
opathy. Since retinopathy is a longer term risk, this may be a 
more rational choice in Some instances, as the Subsequent 
visit to the patient’s health care provider may then focus on 
further reducing glucose variability (as shown, for example, 
by the pentagon icon in FIG. 59) before attempting to reduce 
the patients overall glucose (as represented by the triangle 
icon in FIG. 59) 
0261. In some aspects, a method is provided to overly 
various clinical risks onto the glucose control chartin order to 
provide context of a patient’s state of glucose control relative 
to various clinical risks. For example, in certain embodi 
ments, risk of retinopathy and hypoglycemia are used. 
0262. In some aspects, a method is provided to compare 
the relative clinical benefits of modifying one ore both aspects 
of a patient’s glucose control given a patient’s current state of 
glucose control and given the available treatment options. 
0263. In some aspects, a method is provided to associate 
clinical risks to one or more axis of the glucose control chart. 
For example risk of retinopathy may be associated to a glu 
cose control chart by one of the following sequence of maps: 
median glucose to eAG, eAG to HbA1c, and Hb A1c to risk of 
retinopathy. It should be appreciated that different paths may 
be needed in different circumstances depending on data avail 
ability from clinical studies. 
0264. In some aspects, a method is provided to allow doc 
tors or other health care professionals to recommend treat 
ment to patients. For example, the doctor may select an appro 
priate median glucose target from a range of possible targets 
by associating these targets with a) long term and short term 
complications, and b) an achievable near-term goal based on 
where the patient metrics currently fall on the grid. The com 
bination of the target and the grid provides the clinician with 
a clinical perspective of how to modify therapy (e.g., by 
addressing the median or addressing variability or both) in 
relationship to the target. In certain embodiments, for 
example, the method may comprise 1) processing glucose 
data to determine the median and variability metrics, 2) plot 
ting the point (or uncertainty bubble) representing these met 
rics on the grid, 3) displaying the grid with various targets 
related to complications (e.g., this may be done with multiple 
tabbed displays where each tab is related to a different com 
plication), 4) providing a means for the doctor to select a 
target (for instance, mouse clicking on the desired target), 5) 
displaying the grid with only the selected target, 6) generating 
treatment recommendations based on which grid Zone the 
metric falls into. 
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Medication Titration Between Clinical Visits Using Glucose 
Median and Variability Algorithm 

0265. In some aspects of the present disclosure, the meth 
ods and devices described above that map the glucose median 
and variability metric to treatment recommendations may be 
used to titrate medication, Such as insulin, in a setting outside 
the standard clinical visit. For instance, in certain embodi 
ments, algorithms for Such methods may be implemented 
completely within the glucose measurement system, such as 
an SMBG meter, an “on-demand CG meter or a CGM, 
where the outputs of the algorithm are titration instructions 
displayed periodically, e.g., once per week, on the device to 
the patient. The titration amounts may be preconfigured, or 
the algorithm could determine titration amounts based on 
preconfigured parameters, such as maximum titration 
amount, maximum total dose amount, and parameters com 
mon to bolus calculators, such as insulin sensitivity and car 
bohydrate ratio. 
0266. In another embodiment, the algorithms for methods 
described herein may be implemented partially within the 
glucose measurement device and partially within a remote 
Software program accessible to clinicians (e.g., via a remote 
computer). The remote software program may provide, for 
example, titration recommendations to be approved by the 
clinician and then allow the clinician to remotely configure 
the glucose measurement device to display updated dosing 
instructions. The functionality may be divided between the 
device and the remote program a variety of ways. As an 
example, the device may upload data periodically to the 
remote Software program, which contains the mapping algo 
rithm and generates titration recommendation and other 
analysis to the clinician. The clinician may confirm the rec 
ommendation or otherwise alter the current titration and 
remotely configures the device with the new titration settings. 
In this way, the clinician is able to monitor patient titration. 
Remote data upload and configuration may be accomplished 
using any number of communication mechanisms, wired or 
unwired, known in the art. 
Software Application for Communicatively Coupling an 
Analyte Monitoring Device with a Remote Server Via a Com 
puter 

0267 In some aspects, a software program is provided for 
transferring data from an analyte meter to a computer or other 
data processing device. For example, in certain embodiments, 
once loaded on the patient’s computer or data processing 
device, the software application will activate whenever their 
meter is connected to the computer and will automatically 
upload the data from the meter to a remote server. In some 
instances, no user action may be required by the user for the 
automatic upload process. It should be appreciated that the 
Source of this data from a blood glucose meter or any other 
type of analyte monitoring device. 
0268 FIG. 60 illustrates an example block diagram for the 
Software application for communicatively coupling an ana 
lyte monitoring device (e.g., a glucose meter) with the remote 
server via a computer, according to certain embodiments. In 
certain embodiments, two separate software programs are 
used—one program (#2) runs in the background on the 
patient’s computer (“PC”) and the other comprises scripts 
(#3a,#3b) running on a remote server (e.g., PERL scripts or 
other Suitable Scripts). The scripts may include, for example, 
a script for uploading data (#3a), a script for viewing data 
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(#3b). The software running on the remote server may also 
include a data file (#4) on the remote server that accumulates 
uploaded data. 
0269. In certain embodiments, once the PC program is 
installed, it runs silently in background mode until the moni 
toring device is communicatively coupled to the computer 
(e.g., plugged into a USB port or wirelessly connected, for 
example). If the device is appropriate, the PC program 
invokes the remote server Script #3a for uploading some orall 
of the data (“File #1) by for example making an HTTP 
request, which uploaded data is then stored on the remote 
server in the data file. For example, the upload script (#3a) is 
invoked via HTTP POST request from the program #2, 
wherein the data is sent via STDOUT and arrives via STDIN 
on the serverside. For example, the data file (#4) is written by 
script #3a to a server directory protected by HTTP authenti 
cation. A browser user may then visit the URL for Script #3b 
and logs in via HTTP authentication to view the uploaded 
data. Script #3b reads the data file (#4), formats it into an 
HTML table, and generates a web page that is sent to the 
user's browser. 
0270. In some instances, the communicated data also 
includes other related information such as the BGM serial 
number and/or the MAC address of the PC which could be 
used to minimize the possibility that the BGM data gets 
associated with the wrong patient. It should also be appreci 
ated, that in some instances, the Software program may 
include a script for deleting the data from the monitoring 
device. For example, the computer program may invoke a 
script on the monitoring device to delete the data from the 
monitoring device after the data is uploaded. 

Software Application for Configuring a Continuous Glucose 
Monitor (CGM) 
0271 In certain embodiments there is provided a CGM 
alarm configuration tool. CGM alarms include high and low 
threshold crossings and projected threshold crossing based on 
trend information. These alarms can be configured to be more 
or less sensitive based on the threshold values and the projec 
tion time. For instance, a projected low glucose alarm would 
occur more often if the threshold is set high and/or the pro 
jected time is long. This may be annoying for the patient. On 
the other hand, a high threshold and/or long projected time 
may also lead to better glucose management. So a trade-off 
can be made between better glucose management and usabil 
ity (fewer annoying alarms). 
0272. This trade-off may not be easy for most CGM 
patients or their HCPs to understand. Provided herein is a 
software tool that can be used to inform patients and HCPs on 
how to best adjust alarm settings. 
0273. The software tool incorporates a glucose response 
simulation based on a glucose response model defined for that 
specific patient or defined for a population of patients. The 
simulation would be based on recorded inputs of prior glu 
cose, meals, insulin injection and other recorded factors that 
may impact glucose response. Assuming that the patient 
would treat a high or low glucose alarm immediately or soon 
after occurrence, various alarm setting scenarios would be 
simulated and results (glucose control metrics and alarm 
occurrences) would be generated for each of these settings. 
The “treatments' associated with each scenario, such as eat 
ing and insulin injection, would be included as inputs to the 
simulation. The software would provide a “trade-off table' or 
plot of glucose control metrics and alarm metrics as a function 
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of alarm settings. For example, the table may provide average 
glucose, hypoglycemia occurrences, and alarms per day ver 
SuS combinations of low glucose threshold and projection 
time. The HCP may then discuss these results with the patient 
and decide on appropriate alarm settings. The Software may 
also have a means to program the CGM with the selected 
Settings. 
0274. In another embodiment, the software tool uses a 
non-parametric model that simulates the statistical character 
istics of a patient’s glucose variability. For instance, the spec 
tral characteristics of the glucose response would be esti 
mated from the patient’s glucose data, using standard data 
analysis techniques, and a random simulation based on these 
characteristics would be generated for different alarm setting 
scenarios. 
0275. In another embodiment, the software tool creates a 
database of various actual glucose responses based on various 
alarm settings and patient glucose control characteristics. For 
each category of glucose response characteristic, a trade-off 
table is generated using associated data in the database. The 
patient’s glucose response characteristic would be matched to 
the closest data set in the database, and the software would 
look up the associated trade-off table. 
0276. These features may be incorporated into any diabe 

tes analysis Software, into a stand-alone application, or into a 
stand-alone device (e.g., CGM device). 

Software Application for Creating Therapy Recommendation 
Smart Reports 

0277. In certain embodiments, there is provided a method 
for creating therapy recommendation Smart reports. 
0278 A common complaint from HCPs who treat people 
with diabetes is the time and involvement required to analyze 
retrospective data associated with the diabetic condition. Spe 
cifically, HCPs have favorite reports that they walkthrough to 
try to understand how well the patient is managing their 
diabetes and to determine necessary treatment adjustments. 
Data analysis Software that detects adverse conditions and 
reports these conditions, and perhaps makes recommenda 
tions, has been disclosed. The condition would be reported by 
Some means like a textual display listing the adverse condi 
tions by priority. The data may be summarized on a standard 
report with for instance a modal day plot and key statistics. 
However, some HCPs like to look through various reports to 
get different perspectives of the data and the problem that has 
been detected. 
0279 Provided herein is an automated feature associated 
with data analysis that detects adverse conditions and makes 
recommendations. This feature is to pre-define one or more 
specific types of reports for each possible adverse condition 
and/or recommendation, and then when the analysis Software 
detects this condition, to display the specific report(s) that 
best illustrates the problem. The advantage here is that HCPs 
will no longer need to take the time to drill down to the report 
they want for a specific condition (some HCPs may not even 
know what the best report is to illustrate a condition/recom 
mendation). The optimum report type is generated automati 
cally and displayed to the HCP. The report may illustrate the 
condition and demonstrate the expected effect from a recom 
mended treatment adjustment. 
0280 For example, the software would detect that the 
patient almost always has low glucose in the morning prior to 
breakfast. Along with an indication displayed to the HCP of 
this condition, the Software may also display a modal day 
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graphic that shows the aggregate effect of being low in the 
morning perhaps only the first half of the day is displayed. 
The plot may also highlight the portion where it is low and 
show the low target. Finally, the plot may also show an 
expected modal plot based on the recommendation which 
may be a reduction in the basal insulin dose, demonstrating 
how the recommendation would be executed to improve glu 
cose management. The HCP would see this almost instantly 
after initiating the analysis and would not have to search for 
the appropriate plot or report. 
0281 Another example would be that the patient is occa 
sionally very high after the dinner meal. When this is detected 
by the analysis routine, an overlay plot where each data series 
is time aligned around the dinner meal would be appropriate. 
The problem data series may be highlighted and when the 
cursor is placed over it, more information about the meal may 
be presented. Then, the HCP can have a discussion with the 
patient about these specific meals and perhaps find out that the 
patient is having a problem counting carbs for a specific type 
of meal, for instance. 
0282. A final example is where the analysis routine detects 
that there is not enough glucose measurements to adequately 
detect adverse conditions. Then, the graphic may be a bar 
chart showing average BG measurements per each day over 
the period of analysis. The HCP can then have a discussion 
about the importance of taking frequent measurements. 
0283. The process steps for this invention, in certain 
embodiments, would be as follows: 1) retrieve stored data 
associated with diabetes management for a specific patient, 
Such as glucose readings, insulin delivery data, meal data, 
etc.; 2) analyze the data based on one or more predefined 
conditions to check; 3) for each condition detected, output a 
specific graphical report that best demonstrates that condi 
tion. 

0284. The process steps for this invention, in another 
embodiment, would be as follows: 1) retrieve stored data 
associated with diabetes management for a specific patient, 
Such as glucose readings, insulin delivery data, meal data, 
etc.; 2) analyze the data based on one or more predefined 
conditions to check; 3) for the pre-defined highest priority 
condition detected, output a specific graphical report that best 
demonstrates that condition; 4) provide a graphical means for 
the user to select any lower priority conditions detected and 
output the corresponding specific graphical report that best 
demonstrates that condition. 

0285. This invention would preferably be implemented on 
a PC software program, but may also be incorporated into a 
handheld device, that may interact with glucose measurement 
and/or insulin delivery. 

Software Application for Providing a Single Page Integrated 
Multi-Day Report 

0286. In certain embodiments, there is provide a method 
for creating a single page integrated multi-day report. For 
example, in certain embodiments, there is provided a multi 
day report that integrates insulin, glucose, exercise, meal, and 
medication details into one single, readable, page. This inte 
grated multi-day report concept contains all the contextual 
glucose, insulin, meal, exercise, and medication information 
and presented over a period of multiple days in an iconic 
display. The iconic approach to present different events also 
enhances port comprehension. The advantage of a single 



US 2014/0O88392 A1 

multi-day report is that more contractual information in a 
single page will aid the interpretation and treatment of dia 
betes. 

Software Application for Providing Recommendations for 
Glucose Monitor Type Based on Simulations 
0287. In certain embodiments, there is provided a method 
for recommending glucose monitor type based on simula 
tions. 
0288 A therapy calculator determines optimal glucose 
response model parameters based on glucose history, meal 
history, and insulin delivery history. These parameters can be 
loaded into an enhanced bolus calculator that accounts for 
this model and provides the patient with more accurate bolus 
recommendations. Software can then be used to simulate 
expected glucose response to treatment events for different 
types of glucose measurement devices; e.g., SMBG, GoD, 
CGM, or blind (no glucose measurement device is used). 
0289. As such, there is provided a process to use these 
simulations to recommend to a HCP the appropriate glucose 
measurement device to use. The more effective methods typi 
cally are also more costly and inconvenient, so the natural 
choice of device is to use the least costly and inconvenient, 
that can still effectively treat the patient’s condition. The least 
effective is generally “blind” or no glucose measurement 
device, then SMBG, GoD, and CGM are progressively more 
effective, in that order. 
0290 The simulations are based on multiple meal and/or 
correction events that have been recorded. The therapy cal 
culator uses the glucose history, meal information and insulin 
delivery information around these events to calculate the 
optimal parameters specific to the patient for the model. The 
simulation for the blind' scenario then assumes that each 
meal bolus event is based only on meal information not glu 
cose. Glucose correction events, for instance for a CGM 
simulation where a hyper alarm is indicated, would not 
assume a correction occurred for the blind scenario. 
0291. The simulation for the SMBG scenario assumes that 
for each meal bolus event, the bolus is now based on the meal 
information and the glucose level but not the trend. For cor 
rection events, it should be assumed that like the blind situa 
tion, these are not accounted for. 
0292. The GoD simulation scenario is much like that for 
SMBG except that glucose trend can be taken into account for 
the bolus calculation. Alternatively, the GoD and SMBG 
simulation scenarios may take into account extreme low and 
high glucose events assuming that patients may sense these 
and would initiate a glucose reading. 
0293. The CGM simulation will assume that whenever the 
glucose exceeds a high or low threshold, that a correction 
bolus occurred, which is based on glucose level and trend. 
Alternative, corrections based on projected high or low 
thresholds may trigger a correction event. Finally, correction 
events may be associated with actual correction events from 
the data. 
0294 The process would generate these multiple simula 
tions based on past glucose, meal and insulin history. Metrics 
may be generated from these simulation results to provide an 
indication of acceptable glucose control—the least expensive 
and inconvenient glucose measurement device that provides 
an adequate simulated glucose management metric should be 
selected for the patient. Alternatively, or in conjunction with 
metrics), the simulations may be presented to the HCP so they 
can visually determine the appropriate device for that patient. 
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0295 The above invention may also be extended to non 
insulin medication treatments, diet/exercise treatments, etc. 

Software Application for Providing Extension of Therapy 
Calculator to Treatments Beyond Insulin Delivery 
0296. In certain embodiments, there is provided methods 
for providing an extension of the therapy calculator to treat 
ments beyond insulin delivery. 
0297 Atherapy calculator generally records insulin deliv 
ery data, glucose measurements, and food intake (and poten 
tially other data relevant to diabetes) for a patient for some 
time, transferS data to a processor that uses it along with a 
model of the patient’s physiology, and calculates key model 
parameters that would be used to optimize Subsequent insulin 
treatment such that glucose levels would stay level. Specifi 
cally, the treatment adjustments may include adjustments to 
the amount of insulin needed to compensate for meals or 
glucose level corrections. These adjustments may include 
other factors such as when to bolus relative start of meal, type 
of bolus and variations related to the type of meal. 
0298 Provided herein are methods of extending the 
above-described design to other treatments for diabetes, and 
for treatments for other deceases. Specifically in regards to 
insulin treatment, these methods may be used to inform a 
patient of how much insulin to take via other mechanisms, 
Such as oral or nasal, for example. A physiological model is 
needed for the specific type of insulin medication/delivery, 
and one or more parameters are identified related to insulin 
amount or timing or any other parameter type in which the 
patient may use to determine how to administer the drug. 
These parameters may be utilized by the patient directly, such 
as to determine how much to inject or ingest, or these param 
eters may be loaded (manually or automatically) into a device 
that calculates how much insulin should be delivered. The 
amount may be delivered manually with an amount indicated 
by a bolus calculator, or remotely by a device designed for 
convenient user interaction, or automatically by a system that 
is programmed to delivery this amount at a various times (for 
instance the same time(s) every day or at times relative to 
other events such as meals, meal announcements, glucose 
level/profile indicators, etc.). 
0299 The bolus calculator may take into account one or 
more CGM data in order to better compensate for glucose 
rate-of-change. To do this, the bolus calculator may incorpo 
rate the same or similar model as the therapy calculator, 
where some of the model parameters are identified by the 
therapy calculator. These parameters would not need to be 
Such that they are usable directly by the patient (e.g., insulin 
to-carb ratio or insulin-to-glucose ratio) but may be combi 
nations of these. The bolus calculator may be able to utilize 
the identified parameters to provide an optimal dose informa 
tion to the patient. 
0300. In certain embodiments, the methods may be 
extended to drug therapies other than insulin. For any drug 
that induces a physiological response with a means to mea 
Sure one or more relevant patient’s conditions, a model can be 
developed to describe this response. Some model parameters 
can be considered constant for a population and others can be 
identified specifically for that patient for that point in time. 
Additionally, some parameters may be identified for the 
patient at that time, then Subsequently held constant, while 
other parameters are identified at a later time. The parameters 
may be related to drug amount, or time of day timing, or 
timing related to Some patient condition indicator. The 
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parameters may be utilized directly by the patient, or pro 
grammed into a device that provides delivery information, 
allows the patient a remote means to initiate delivery, or can 
be programmed for automatic delivery. 
Integration with Medication Delivery Devices and/or Sys 
tems 

0301 In some embodiments, the analyte measurement 
systems disclosed herein may be included in and/or inte 
grated with, a medication delivery device and/or system, e.g., 
an insulin pump module, such as an insulin pump or control 
ler module thereof, or insulin injection pen. In some embodi 
ments the analyte measurement system is physically inte 
grated into a medication delivery device. In other 
embodiments, an analyte measurement system as described 
herein may be configured to communicate with a medication 
delivery device or another component of a medication deliv 
ery system. Additional information regarding medication 
delivery devices and/or systems, such as, for example, inte 
grated systems, is provided in U.S. Patent Application Publi 
cation No. US2006/0224141, published on Oct. 5, 2006, 
entitled “Method and System for Providing Integrated Medi 
cation Infusion and Analyte Monitoring System’, and U.S. 
Patent Application Publication No. US2004/0254434, pub 
lished on Dec. 16, 2004, entitled “Glucose Measuring Mod 
ule and Insulin Pump Combination, the disclosure of each of 
which is incorporated by reference herein in its entirety. 
Medication delivery devices which may be provided with 
analyte measurement system as described herein include, 
e.g., a needle, syringe, pump, catheter, inhaler, transdermal 
patch, or combination thereof. In some embodiments, the 
medication delivery device or system may be in the form of a 
drug delivery injection pen Such as a pen-type injection 
device incorporated within the housing of an analyte mea 
surement system. Additional information is provided in U.S. 
Pat. Nos. 5,536,249 and 5,925,021, the disclosures of each of 
which are incorporated by reference herein in their entirety. 
0302) The embodiments presented herein provide further 
advantages such as: the ability to upgrade strip port modules 
as new test strip technologies evolve; the ability to clean or 
sterilize a strip port module; and the ability to allow users to 
replace strip port modules without returning the entire mea 
Surement system to the manufacture. 
0303 Certain embodiments relate to in vivo (e.g., continu 
ous monitoring) systems. A continuous monitoring system 
typically includes a sensor that is worn or placed below the 
skin, a transmitter that collects glucose information from the 
sensor, and a receiver that collects the information from the 
transmitter. The sensor can collect glucose level information 
continuously, periodically, or at other intervals. Advanta 
geously, a user is relieved from having to repeatedly lance his 
or her body to collect a blood sample once the sensor is 
inserted, although the sensor (e.g., an electrochemical sensor 
that is inserted into a body) can be replaced. U.S. Pat. No. 
6,175,752, which is hereby incorporated by reference in its 
entirety, discloses additional examples of a continuous moni 
toring system. 
0304 Embodiments of the invention relate to components 
of a continuous monitoring system that may be replaceable. 
In certain embodiments, the interface between the sensor and 
the transmitter may become contaminated. The transmitter or 
sensor control unit, for example, may have an interface with 
the sensor that has been molded to form a barrier between the 
transmitter's contacts and circuitry internal to the transmitter. 
This allows the transmitter's contacts to be washed without 
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damaging the transmitter's circuitry. Alternatively, the con 
tacts may be included in a replaceable port that can be 
replaced as needed. Similarly, the interface on the sensor may 
be molded to form a barrier to contamination or be replace 
able. 

0305 Embodiments of the invention further extend to kits. 
Examples of a kit include a measurement device with one or 
more strip connectors. In some kits, different strip connectors 
or ports for different types of strips may be included. This 
allows the measurement device to be used with different strip 
form factors. The kits may also include a plurality of test 
strips. In certain examples, the measurement device may be 
configured for use with disposable test strips as well as with 
test Strips that are configured for continuous monitoring sys 
tems. Thus, the measurement device may include a receiver to 
receive information from a transmitter that collects glucose 
information from an inserted sensor. The measurement 
device may also include a strip connector, such as those 
disclosed herein, for use with single use test Strips. 

Analyte Test Strips 

0306 Analyte test strips for use with the present devices 
can be of any kind, size, or shape known to those skilled in the 
art; for example, FREESTYLE(R) and FREESTYLE LITETM 
test strips, as well as PRECISIONTM test strips sold by 
ABBOTT DIABETES CARE Inc. In addition to the embodi 
ments specifically disclosed herein, the devices of the present 
disclosure can be configured to work with a wide variety of 
analyte test strips, e.g., those disclosed in U.S. patent appli 
cation Ser. No. 1 1/461.725, filed Aug. 1, 2006: U.S. Patent 
Application Publication No. 2007/0095661; U.S. Patent 
Application Publication No. 2006/0091006: U.S. Patent 
Application Publication No. 2006/0025662; U.S. Patent 
Application Publication No. 2008/0267823: U.S. Patent 
Application Publication No. 2007/0108048; U.S. Patent 
Application Publication No. 2008/0102441; U.S. Patent 
Application Publication No. 2008/0066305: U.S. Patent 
Application Publication No. 2007/0199818; U.S. Patent 
Application Publication No. 2008/0148873; U.S. Patent 
Application Publication No. 2007/0068807; U.S. patent 
application Ser. No. 12/102,374, filed Apr. 14, 2008, and U.S. 
Patent Application Publication No. 2009/0095625; U.S. Pat. 
No. 6,616,819; U.S. Pat. No. 6,143,164; U.S. Pat. No. 6,592, 
745; U.S. Pat. No. 6,071,391 and U.S. Pat. No. 6,893,545; the 
disclosures of each of which are incorporated by reference 
herein in their entirety. 

Calculation of Medication Dosage 

0307. In certain embodiments, the analyte measurement 
system may be configured to measure the blood glucose con 
centration of a patient and include instructions for a long 
acting insulin dosage calculation function. Periodic injection 
or administration of long-acting insulin may be used to main 
tain a baseline blood glucose concentration in a patient with 
Type-1 or Type-2 diabetes. In one aspect, the long-acting 
medication dosage calculation function may include an algo 
rithm or routine based on the current blood glucose concen 
tration of a diabetic patient, to compare the current measured 
blood glucose concentration value to a predetermined thresh 
old or an individually tailored threshold as determined by a 
HCP or other treating professional to determine the appropri 
ate dosage level for maintaining the baseline glucose level. In 
certain embodiments, the long-acting insulin dosage calcula 
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tion function may be based upon LANTUS(R) insulin, avail 
able from Sanofi-Aventis, also known as insulin glargine. 
LANTUS(R) is a long-acting insulin that has up to a 24 hour 
duration of action. Further information on LANTUSR) insulin 
is available at the website located by placing “www’ imme 
diately in front of “...lantus.com'. Other types of long-acting 
insulin include Levemir R insulin available from NovoNord 
isk (further information is available at the website located by 
placing “www’ immediately in front of “...levemir-us.com'. 
Examples of such embodiments are described in in US Pub 
lished Patent Application No. US2010/01981142, the disclo 
sure of which is incorporated herein by reference in its 
entirety. 

Strip Port Configured to Receive Test Strips for Different 
Analytes 

0308. In another embodiment, there is provided an analyte 
measurement system for multichemistry testing. The test 
strips are for chemical analysis of a sample, and are adapted 
for use in combination with a measuring device having a test 
port and capable of performing a multiplicity of testing func 
tionalities. Each type of test Strip corresponds to at least one 
of the testing functionalities, and at least some types of test 
strips have indicators of the testing functionality on them. The 
test port is adapted for use in combination with a multiplicity 
of different types of test strips and includes a sensor capable 
of specifically interacting with the indicator(s) on the test 
strips, thereby selecting at least one of the multiplicity of 
testing functionalities corresponding to the type of test strip. 
Such system would include a strip port that can be used to 
read a test strip for glucose and a test strip for ketone bodies. 
Examples of such embodiment are provided in U.S. Pat. No. 
6,773,671, which is incorporated herein by reference in it 
entirety. 
Strip Port Configured to Receive Test Strips Having Different 
Dimensions and/or Electrode Configurations 
0309. In some embodiments, an analyte measurement sys 
tem as described herein includes a strip port configured to 
receive test strips having different dimensions and/or elec 
trode configurations, e.g., as described in the U.S. patent 
application Ser. No. 12/695,947 filed on Jan. 28, 2010, and 
entitled “Universal Test Strip Port', the disclosure of which is 
incorporated by reference herein in its entirety. 

Implanted Analyte Sensor 

0310. In some embodiments, an analyte measurement sys 
tem as described herein may include an implanted or partially 
implanted analyte sensor, e.g., a system including an 
implanted or partially implanted glucose sensor (e.g., a con 
tinuous glucose sensor). A system including an implanted or 
partially implanted glucose sensor may include an analyte 
measurement system as described herein, which is configured 
to receive analyte data from the implanted or partially 
implanted glucose sensor either directly or through an inter 
mediate device, e.g., an RF-powered measurement circuit 
coupled to an implanted or partially implanted analyte sensor. 
In some embodiments, where an analyte measurement sys 
tem according to the present disclosure is integrated with an 
implanted sensor, the analyte measurement system does not 
include a strip port for receiving an analyte test strip. In 
certain embodiments, the analyte measurement system may 
be used to calibrate the analyte monitoring system, e.g., using 
one point calibration or other calibration protocol. For addi 
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tional information, see U.S. Pat. No. 6,175,752, the disclo 
sure of which is incorporated by reference herein in its 
entirety. In some embodiments, the analyte measurement sys 
tem may be configured to communicate with the implanted or 
partially implanted analyte sensor via Radio Frequency Iden 
tification (RFID) and provide for intermittent or periodic 
interrogation of the implanted analyte sensor. 
0311 Exemplary analyte monitoring systems that may be 
utilized in connection with the disclosed analyte measure 
ment system include those described in U.S. Pat. No. 7,041, 
468; U.S. Pat. No. 5,356,786; U.S. Pat. No. 6,175,752; U.S. 
Pat. No. 6,560,471; U.S. Pat. No. 5,262,035; U.S. Pat. No. 
6,881,551; U.S. Pat. No. 6,121,009; U.S. Pat. No. 7,167,818; 
U.S. Pat. No. 6,270,455; U.S. Pat. No. 6,161,095; U.S. Pat. 
No. 5,918,603: U.S. Pat. No. 6,144,837; U.S. Pat. No. 5,601, 
435; U.S. Pat. No. 5,822,715; U.S. Pat. No. 5,899,855; U.S. 
Pat. No. 6,071,391; U.S. Pat. No. 6,120,676; U.S. Pat. No. 
6,143,164; U.S. Pat. No. 6,299,757; U.S. Pat. No. 6,338,790: 
U.S. Pat. No. 6,377,894; U.S. Pat. No. 6,600,997: U.S. Pat. 
No. 6,773,671; U.S. Pat. No. 6,514,460; U.S. Pat. No. 6,592, 
745; U.S. Pat. No. 5,628,890; U.S. Pat. No. 5,820,551; U.S. 
Pat. No. 6,736,957; U.S. Pat. No. 4,545,382: U.S. Pat. No. 
4,711,245; U.S. Pat. No. 5,509,410; U.S. Pat. No. 6,540,891; 
U.S. Pat. No. 6,730,200; U.S. Pat. No. 6,764,581; U.S. Pat. 
No. 6,299,757; U.S. Pat. No. 6,461,496; U.S. Pat. No. 6,503, 
381; U.S. Pat. No. 6,591,125; U.S. Pat. No. 6,616,819; U.S. 
Pat. No. 6,618,934; U.S. Pat. No. 6,676,816; U.S. Pat. No. 
6,749,740; U.S. Pat. No. 6,893,545; U.S. Pat. No. 6,942,518; 
U.S. Pat. No. 6,514,718; U.S. Pat. No. 5,264,014: U.S. Pat. 
No. 5,262,305; U.S. Pat. No. 5,320,715; U.S. Pat. No. 5,593, 
852; U.S. Pat. No. 6,746,582: U.S. Pat. No. 6,284.478; U.S. 
Pat. No. 7,299,082: U.S. Patent Application No. 61/149,639, 
entitled “Compact On-Body Physiological Monitoring 
Device and Methods Thereof, U.S. patent application Ser. 
No. 1 1/461.725, filed Aug. 1, 2006, entitled “Analyte Sensors 
and Methods”; U.S. patent application Ser. No. 12/495,709, 
filed Jun. 30, 2009, entitled “Extruded Electrode Structures 
and Methods of Using Same: U.S. Patent Application Pub 
lication No. US2004/0186365: U.S. Patent Application Pub 
lication No. 2007/0095661; U.S. Patent Application Publica 
tion No. 2006/0091006: U.S. Patent Application Publication 
No. 2006/0025662; U.S. Patent Application Publication No. 
2008/0267823: U.S. Patent Application Publication No. 
2007/0108048; U.S. Patent Application Publication No. 
2008/0102441; U.S. Patent Application Publication No. 
2008/0066305: U.S. Patent Application Publication No. 
2007/0199818; U.S. Patent Application Publication No. 
2008/0148873; U.S. Patent Application Publication No. 
2007/0068807; US patent Application Publication No. 2010/ 
0198034; and U.S. provisional application No. 61/149,639 
titled “Compact On-Body Physiological Monitoring Device 
and Methods Thereof, the disclosures of each of which are 
incorporated herein by reference in their entirety. 

Communication Interface 

0312. As discussed previously herein, an analyte measure 
ment system according to the present disclosure can be con 
figured to include a communication interface. In some 
embodiments, the communication interface includes a 
receiver and/or transmitterfor communicating with a network 
and/or another device, e.g., a medication delivery device and/ 
or a patient monitoring device, e.g., a continuous glucose 
monitoring device. In some embodiments, the communica 
tion interface is configured for communication with a health 
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management system, such as the CoPilot'TM system available 
from Abbott Diabetes Care Inc., Alameda, Calif. 

0313 The communication interface can be configured for 
wired or wireless communication, including, but not limited 
to, radio frequency (RF) communication (e.g., Radio-Fre 
quency Identification (RFID), Zigbee communication proto 
cols, WiFi, infrared, wireless Universal Serial Bus (USB), 
Ultra Wide Band (UWB), Bluetooth R) communication pro 
tocols, and cellular communication, Such as code division 
multiple access (CDMA) or Global System for Mobile com 
munications (GSM). 
0314. In certain embodiments, the communication inter 
face is configured to include one or more communication 
ports, e.g., physical ports or interfaces such as a USB port, an 
RS-232 port, or any other suitable electrical connection port 
to allow data communication between the analyte measure 
ment system and other external devices such as a computer 
terminal (for example, at a physicians office or in hospital 
environment), an external medical device, such as an infusion 
device or including an insulin delivery device, or other 
devices that are configured for similar complementary data 
communication. 

0315. In certain embodiments, the communication inter 
face is configured for infrared communication, Bluetooth R. 
communication, or any other Suitable wireless communica 
tion protocol to enable the analyte measurement system to 
communicate with other devices such as infusion devices, 
analyte monitoring devices, computer terminals and/or net 
works, communication enabled mobile telephones, personal 
digital assistants, or any other communication devices which 
the patient or user of the analyte measurement system may 
use in conjunction therewith, in managing the treatment of a 
health condition, such as diabetes. 
0316. In certain embodiments, the communication inter 
face is configured to provide a connection for data transfer 
utilizing Internet Protocol (IP) through a cell phone network, 
Short Message Service (SMS), wireless connection to a per 
sonal computer (PC) on a Local Area Network (LAN) which 
is connected to the internet, or WiFi connection to the internet 
at a WiFi hotspot. 
0317. In certain embodiments, the analyte measurement 
system is configured to wirelessly communicate with a server 
device via the communication interface, e.g., using a common 
standard such as 802.11 or Bluetooth R. RF protocol, or an 
IrDA infrared protocol. The server device may be another 
portable device. Such as a Smart phone, Personal Digital 
Assistant (PDA) or notebook computer; or a larger device 
Such as a desktop computer, appliance, etc. In some embodi 
ments, the server device has a display, such as a liquid crystal 
display (LCD), as well as an input device. Such as buttons, a 
keyboard, mouse or touch-screen. With Such an arrangement, 
the user can control the analyte measurement system indi 
rectly by interacting with the user interface(s) of the server 
device, which in turn interacts with the analyte measurement 
system across a wireless link. 
0318. In some embodiments, the communication interface 

is configured to automatically or semi-automatically commu 
nicate data stored in the analyte measurement system, e.g., in 
an optional data storage unit, with a network or server device 
using one or more of the communication protocols and/or 
mechanisms described above. 
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Input Unit 
0319. As discussed previously herein, an analyte measure 
ment system according to the present disclosure can be con 
figured to include an input unit and/or input buttons coupled 
to the housing of the analyte measurement system and in 
communication with a controller unit and/or processor. In 
Some embodiments, the input unit includes one or more input 
buttons and/or keys, wherein each input button and/or key is 
designated for a specific task. Alternatively, or in addition, the 
input unit may include one or more input buttons and/or keys 
that can be soft buttons or soft keys. In the case where one 
or more of the input buttons and/or keys are soft buttons or 
soft keys, these buttons and/or keys may be used for a 
variety of functions. The variety of functions may be deter 
mined based on the current mode of the analyte measurement 
system, and may be distinguishable to a user by the use of 
button instructions shown on an optional display unit of the 
analyte measurement system. Yet another input method may 
be a touch-sensitive display unit, as described in greater detail 
below. 
0320 In addition, in some embodiments, the input unit is 
configured Such that a user can operate the input unit to adjust 
time and/or date information, as well as other features or 
settings associated with the operation of an analyte measure 
ment system. 

Display Unit 

0321) As discussed previously herein, in some embodi 
ments, an analyte measurement system according to the 
present disclosure includes an optional display unit or a port 
for coupling an optional display unit to the analyte measure 
ment system. The display unit is in communication with a 
control unit and/or processor and displays the analyte test 
strip signals and/or results determined from the analyte test 
strip signals including, for example, analyte concentration, 
rate of change of analyte concentration, and/or the exceeding 
of a threshold analyte concentration (indicating, for example, 
hypo- or hyperglycemia). 
0322 The display unit can be a dot-matrix display, e.g., a 
dot-matrix LCD display. In some embodiments, the display 
unit includes a liquid-crystal display (LCD), thin film tran 
sistor liquid crystal display (TFT-LCD), plasma display, 
light-emitting diode (LED) display, seven-segment display, 
E-ink (electronic paper) display or combination of two or 
more of the above. The display unit can be configured to 
provide, an alphanumeric display, a graphical display, a video 
display, an audio display, a vibratory output, or combinations 
thereof. The display can be a color display. In some embodi 
ments, the display is a backlit display. 
0323. The display unit can also be configured to provide, 
for example, information related to a patient’s current analyte 
concentration as well as predictive analyte concentrations, 
Such as trending information. 
0324. In some embodiments an input unit and a display 
unit are integrated into a single unit, for example, the display 
unit can be configured as a touch sensitive display, e.g., a 
touch-screen display, where the user may enterinformation or 
commands via the display area using, for example, the user's 
finger, a stylus or any other Suitable implement, and where, 
the touch sensitive display is configured as the user interface 
in an icon driven environment, for example. 
0325 In some embodiments, the display unit does not 
include a screen designed to display results visually. Instead, 
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in Some embodiments the optional display unit is configured 
to communicate results audibly to a user of the analyte mea 
Surement system, e.g., via an integrated speaker, or via sepa 
rate speakers through a headphone jack or Bluetooth R head 
Set. 

Expanding Menu. Item for Improved Readability 

0326 In some embodiments, the display unit includes a 
graphical user interface including a plurality of menu items, 
wherein the display unit is configured to provide clarification 
with respect to the meaning of a menu item based on a user's 
response speed with respect to a user input for the menu item. 
The menu item may take any of a variety of forms, e.g., text, 
icon, object or combination thereof. 
0327. In certain embodiments, the graphical user interface 
includes a menu which in turn includes a plurality of select 
able menu items. As a user navigates through the menu, e.g., 
by highlighting or scrolling through individual menu items, a 
menu item that is either unreadable or incomprehensible to 
the user may cause the user to pause over a menu item to be 
selected. In certain embodiments, a choice can be presented 
to the user, e.g., using a dedicated physical button on an input 
unit, or a soft key on the menu, that offers further explanation 
of the item to be selected without actually selecting the item. 
For example, the graphical user interface can be configured 
such that after a pre-determined period of time a soft key 
offers an explanation of the menu item to be selected, e.g., by 
displaying a soft key with the word “MORE, ADDI 
TIONAL INFORMATION, “EXPAND”, “MAGNIFY, 
"HELP’ or a variation thereof displayed thereon. 
0328. The pre-determined period of time may be based on 
a fixed factory preset value, a value set by the user or a health 
care provider, or through an adaptive mechanism based on an 
analysis of the user's speed of navigation from past interac 
tions with the graphical user interface. In certain embodi 
ments, the pre-determined period of time is from about 5 to 
about 20 seconds, e.g., from about 10 to about 15 seconds. 
0329 If the offer for clarification and/or additional infor 
mation is selected, e.g., by pressing the softkey, then the menu 
item to be selected can be displayed in a “high emphasis” 
mode, e.g., where the item is displayed as if a magnifying lens 
is held on top of the selected item. In some embodiments, 
additional emphasis of the menu item to be selected can be 
provided, e.g., by making the menu item change color, blink, 
or increase in size to a pre-determined maximum limit. 
Support for on-Demand Analyte Determination Using an 
Analyte Sensor 
0330. In some embodiments, an analyte measurement sys 
tem according to the present disclosure is further configured 
to receive analyte concentration data and/or signals indicative 
of an analyte concentration from an analyte sensor, e.g., an 
implanted or partially implanted analyte sensor or a radio 
frequency (RF)-powered measurement circuit coupled to an 
implanted or partially implanted analyte sensor. In some 
embodiments, the analyte sensor is a self-powered analyte 
sensor. An analyte measurement system according to the 
present disclosure may include Software configured to ana 
lyze signals received from the analyte sensor. Additional 
information related to self-powered analyte sensors and 
methods of communicating therewith are provided in U.S. 
Patent Application Publication No. 2010/0213057, the dis 
closure of which is incorporated by reference herein in its 
entirety. 
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Analytes 

0331 A variety of analytes can be detected and quantified 
using the disclosed analyte measurement system. Analytes 
that may be determined include, for example, acetylcholine, 
amylase, bilirubin, cholesterol, chorionic gonadotropin, cre 
atine kinase (e.g., CK-MB), creatine, DNA, fructosamine, 
glucose, glutamine, growth hormones, hormones, ketones 
(e.g., ketone bodies), lactate, oxygen, peroxide, prostate-spe 
cific antigen, prothrombin, RNA, thyroid stimulating hor 
mone, and troponin. The concentration of drugs, such as, for 
example, antibiotics (e.g., gentamicin, Vancomycin, and the 
like), digitoxin, digoxin, drugs of abuse, theophylline, and 
warfarin, may also be determined. Assays suitable for deter 
mining the concentration of DNA and/or RNA are disclosed 
in U.S. Pat. No. 6,281,006 and U.S. Pat. No. 6,638,716, the 
disclosures of each of which are incorporated by reference 
herein in their entirety. 

CONCLUSION 

0332. It should be understood that techniques introduced 
above can be implemented by programmable circuitry pro 
grammed or configured by Software and/or firmware, or they 
can be implemented entirely by special-purpose “hardwired 
circuitry, or in a combination of Such forms. Such special 
purpose circuitry (if any) can be in the form of for example, 
one or more application-specific integrated circuits (ASICS), 
programmable logic devices (PLDS), field-programmable 
gate arrays (FPGAs), etc. 
0333 Software or firmware implementing the techniques 
introduced herein may be stored on a computer-readable stor 
age medium and may be executed by one or more general 
purpose or special-purpose programmable microprocessors. 
A “computer-readable medium', as the term is used herein, 
includes any mechanism that can store information in a form 
accessible by a computer (a computer may be, for example, a 
personal computer, network device, cellular phone, personal 
digital assistant (PDA), manufacturing took, any device with 
one or more processors, etc.). For example, a computer-ac 
cessible medium includes recordable/non-recordable media 
(e.g., read-only memory (ROM); random access memory 
(RAM); magnetic disk storage media; optical storage media; 
flash memory devices; etc.), etc. 
0334. The foregoing description of the invention has been 
presented for purposes of illustration and description. It is not 
intended to be exhaustive or to limit the invention to the 
precise form disclosed. Other modifications and variations 
may be possible in light of the above teachings. The embodi 
ments were chosen and described in order to best explain the 
principles of the invention and its practical application, and to 
thereby enable others skilled in the art to best utilize the 
invention in various embodiments and various modifications 
as are Suited to the particular use contemplated. It is intended 
that the appended claims be construed to include other alter 
native embodiments of the invention; including equivalent 
structures, components, methods, and means. 
0335. It is to be appreciated that the Detailed Description 
section, and not the Summary and Abstract sections, is 
intended to be used to interpret the claims. The Summary and 
Abstract sections may set forth one or more, but not all exem 
plary embodiments of the present invention as contemplated 
by the inventor(s), and thus, are not intended to limit the 
present invention and the appended claims in any way. 
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0336 Where a range of values is provided, it is understood 
that each intervening value, to the tenth of the unit of the lower 
limit unless the context clearly dictates otherwise, between 
the upper and lower limits of that range is also specifically 
disclosed. Each Smaller range between any stated value or 
intervening value in a stated range and any other stated or 
intervening value in that Stated range is encompassed within 
the invention. The upper and lower limits of these smaller 
ranges may independently be included or excluded in the 
range, and each range where either, neither or both limits are 
included in the Smaller ranges is also encompassed within the 
invention, Subject to any specifically excluded limit in the 
stated range. Where the stated range includes one or both of 
the limits, ranges excluding either or both of those included 
limits are also included in the invention. 
0337. In the description of the invention herein, it will be 
understood that a word appearing in the singular encom 
passes its plural counterpart, and a word appearing in the 
plural encompasses its singular counterpart, unless implicitly 
or explicitly understood or stated otherwise. Merely by way 
of example, reference to “an or “the “analyte' encompasses 
a single analyte, as well as a combination and/or mixture of 
two or more different analytes, reference to “a” or “the 
“concentration value' encompasses a single concentration 
value, as well as two or more concentration values, and the 
like, unless implicitly or explicitly understood or stated oth 
erwise. Further, it will be understood that for any given com 
ponent described herein, any of the possible candidates or 
alternatives listed for that component, may generally be used 
individually or in combination with one another, unless 
implicitly or explicitly understood or stated otherwise. Addi 
tionally, it will be understood that any list of such candidates 
or alternatives, is merely illustrative, not limiting, unless 
implicitly or explicitly understood or stated otherwise. 
0338 Various terms are described to facilitate an under 
standing of the invention. It will be understood that a corre 
sponding description of these various terms applies to corre 
sponding linguistic or grammatical variations or forms of 
these various terms. It will also be understood that the inven 
tion is not limited to the terminology used herein, or the 
descriptions thereof, for the description of particular embodi 
ments. Merely by way of example, the invention is not limited 
to particular analytes, bodily or tissue fluids, blood or capil 
lary blood, or sensor constructs or usages, unless implicitly or 
explicitly understood or stated otherwise, as Such may vary. 
0339. The publications discussed herein are provided 
solely for their disclosure prior to the filing date of the appli 
cation. Nothing herein is to be construed as an admission that 
the embodiments of the invention are not entitled to antedate 
such publication by virtue of prior invention. Further, the 
dates of publication provided may be different from the actual 
publication dates which may need to be independently con 
firmed. 

0340. The detailed description of the figures refers to the 
accompanying drawings that illustrate an exemplary embodi 
ment of an analyte measurement system. Other embodiments 
are possible. Modifications may be made to the embodiment 
described herein without departing from the spirit and scope 
of the present invention. Therefore, the following detailed 
description is not meant to be limiting. 
0341 Certain embodiments presented herein relate to 
electrical interfaces in measurement devices. Measurement 
devices often have electrical interfaces that allow them to 
electrically connect with another device or apparatus and 
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perform an analysis of an analyte. A device that measures 
blood glucose levels, for example, includes electrical inter 
faces that allow the device to measure the blood glucose level 
from a small blood sample. 

1-19. (canceled) 
20. A method, comprising: 
displaying a chart having median glucose as a first axis and 

glucose variability as a second axis; and 
displaying an identifier on the chart corresponding to a 

median glucose value and a glucose variability value for 
sample data from a first patient, wherein the identifier 
represents a state of glucose control for the first patient. 

21. The method of claim 20, wherein glucose variability is 
defined by the difference between the median glucose value 
and a predetermined percentile value of glucose. 

22. The method of claim 21, wherein the predetermined 
percentage value is 10 percent. 

23. The method of claim 20, comprising: 
displaying a graphical overlay representing a chronic clini 

cal risk on the chart, wherein the graphical overlay 
derived representing retinopathy risk is based on eAG 
and median glucose values for a population of patients. 

24. The method of claim 23, wherein the chronic clinical 
risk is retinopathy risk. 

25. The method of claim 24, comprising: 
displaying a graphical overlay representing an acute risk on 

the chart, wherein the graphical overlay representing 
acute risk of hypoglycemia comprises one or more lines 
of hypoglycemia occurrences per a given time period. 

26. The method of claim 25, wherein the acute risk is a risk 
of hypoglycemia. 

27. The method of claim 26, comprising: 
directing patient treatment based on the position of the 

identifier representing the state of glucose control for the 
first patient with respect to the graphical overlays for 
retinopathy risk and/or acute risk of hypoglycemia. 

28. The method of claim 20, comprising: 
displaying a graphical overlay for one or more clinical risks 

on the chart, wherein the graphical overly of the one or 
more clinical risks is associated with one or more axis of 
the chart. 

29. The method of claim 20, comprising: 
determining lines of constant hypoglycemia rates, wherein 

the lines of constant hypoglycemia rates are based on a 
number of occurrences of hypoglycemia per a given 
time period. 

30. The method of claim 29, wherein the lines of constant 
hypoglycemia rates are determined from a number of occur 
rences of hypoglycemia per a given time period for a sample 
population of patients. 

31. The method of claim 29, wherein the lines of constant 
hypoglycemia rates are parallel approximations. 

32. The method of claim 29, comprising: 
determining a threshold line of constant hypoglycemia 

rate; and 
displaying a hypoglycemia risk Zone having a border line 

on the threshold line of constant hypoglycemia rate. 
33. The method of claim 32, comprising: 
determining a target Alic level corresponding to a median 

glucose value; and 
displaying a target Zone defined by the target Alic level and 

the border line of the hypoglycemia risk Zone. 
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34. The method of claim 33, comprising: 
displaying a buffer Zone along the border line and adjacent 

the target Zone; and 
defining the remaining area of the chart as a fourth Zone. 
35. The method of claim 34, comprising: 
directing treatment of the first patient based on the position 

of the identifier representing the State of glucose control 
for the first patient with respect to the hypoglycemia risk 
Zone, target Zone, buffer Zone, and/or fourth Zone. 

36. The method of claim 33, comprising: 
directing treatment of the first patient based on the position 

of the identifier representing the State of glucose control 
for the first patient with respect to the hypoglycemia risk 
Zone and/or the target Zone. 

37. The method of claim 20, wherein the identifier repre 
senting the State of glucose control for the first patient is 
calculated from the sample data. 

38. The method of claim 20, wherein the identifier repre 
senting the State of glucose control for the first patient is 
calculated from fitting the sample data to a probability distri 
bution. 

39. The method of claim 38, wherein the probability dis 
tribution is a gamma probability distribution. 

40. The method of claim 20, wherein the identifier com 
prises a bootstrap point cloud. 

41. The method of claim 40, comprising: 
defining a treatment recommendation point based on a 

predetermined threshold percentage value, wherein the 
predetermined threshold percentage value correlates to 
an acceptable probability threshold of being in a 
hypoglycemia risk Zone on the chart. 

42. The method of claim 20, wherein the identifier com 
prises a boundary line of a bootstrap point cloud. 

43. The method of claim 20, wherein the identifier com 
prises contour plots of a probability distribution function for 
the state of glucose control for the first patient, wherein the 
contour plots represent uncertainty levels for the estimate. 

44. The method of claim 43, wherein the probability dis 
tribution function is based on a first testing schedule over a 
first time period. 

45. The method of claim 44, comprising: 
displaying a graphical overlay representing retinopathy 

risk on the chart, wherein the graphical overlay derived 
representing retinopathy risk is based on eAG and 
median glucose values for a population of patients; and 

displaying a graphical overlay representing acute risk of 
hypoglycemia on the chart, wherein the graphical over 
lay representing acute risk of hypoglycemia comprises 
one or more lines of hypoglycemia occurrences per a 
given time period. 
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46. The method of claim 45, comprising: 
directing patient treatment based on a comparison of the 

contour lines with respect to the graphical overlays for 
retinopathy risk and/or acute risk of hypoglycemia. 

47. The method of claim 45, comprising: 
directing patient treatment to a second testing schedule 

based on a comparison of the contour lines with respect 
to the graphical overlays for retinopathy risk and/or 
acute risk of hypoglycemia. 

48. The method of claim 44, wherein the first testing sched 
ule is a self-monitored blood glucose (SMBG) testing sched 
ule. 

49. The method of claim 43, wherein contour plots are 
associated with one or more clinical risks. 

50. The method of claim 49, wherein the one or more 
clinical risks comprises retinopathy risk and/or acute risk of 
hypoglycemia. 

51. The method of claim 49, wherein different SMBG 
testing schedules are collected, and wherein for each sched 
ule, the contour plots are computed a priori from population 
data. 

52. The method of claim 51, wherein the population data is 
comprised of CGM values or SMBG data taken every 15 
minutes or faster. 

53. The method of claim 51, wherein the population data is 
obtained from human studies wearing CGM systems. 

54. The method of claim 51, wherein the population data is 
obtained from in-silico human models representing a wide 
range of demographics and/or state of diabetes. 

55. The method of claim 51, wherein the contour plots from 
the population data is projected along the gradient of a par 
ticular clinical risk. 

56. The method of claim 51, wherein adequate and inad 
equate areas in the glucose control chart are identified for 
each combination of SMBG testing schedule and clinical risk. 

57. The method of claim 56, comprising: 
identifying the areas of inadequacy on the chart. 
58. The method of claim 49, comprising: 
recommending a SMBG testing schedule specific to a lat 

est state of glucose control for the first patient. 
59. The method of claim 58, comprising: 
identifying adequate and inadequate areas in the chart; and 
determining whether initial data under the recommended 
SMBG testing schedule falls within the adequate or the 
inadequate area. 

60. The method of claim 49, comprising: 
identifying adequate and inadequate areas in the chart; and 
recommending a SMBG testing schedule to position a next 

predicted State of glucose control in the adequate area. 
61-116. (canceled) 
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