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METHOD AND SYSTEM TO DERVE 
GLYCEMIC PATTERNS FROM 

CLUSTERING OF GLUCOSE DATA 

BACKGROUND 

0001 Diabetes mellitus is a chronic metabolic disorder 
caused by an inability of the pancreas to produce Sufficient 
amounts of the hormone drug so that the metabolism is 
unable to provide for the proper absorption of Sugar and 
starch. This failure leads to hyperglycemia, i.e. the presence 
of an excessive amount of analyte within the blood plasma. 
Persistent hyperglycemia has been associated with a variety 
of serious symptoms and life threatening long term compli 
cations such as dehydration, ketoacidosis, diabetic coma, 
cardiovascular diseases, chronic renal failure, retinal dam 
age and nerve damages with the risk of amputation of 
extremities. Because healing is not yet possible, a permanent 
therapy is necessary which provides constant glycemic 
control in order to always maintain the level of blood analyte 
within normal limits. Such glycemic control is achieved by 
regularly supplying external drug to the body of the patient 
to thereby reduce the elevated levels of blood analyte. 
0002 An external drug was commonly administered by 
means of multiple, daily injections of a mixture of rapid and 
intermediate acting drugs via a hypodermic syringe. While 
this treatment does not require the frequent estimation of 
blood analyte, it has been found that the degree of glycemic 
control achievable in this way is suboptimal because the 
delivery is unlike physiological drug production, according 
to which drug enters the bloodstream at a lower rate and over 
a more extended period of time. Improved glycemic control 
may be achieved by the so-called intensive drug therapy 
which is based on multiple daily injections, including one or 
two injections per day of long acting drug for providing 
basal drug and additional injections of rapidly acting drug 
before each meal in an amount proportional to the size of the 
meal. Although traditional syringes have at least partly been 
replaced by drug pens, the frequent injections are neverthe 
less very inconvenient for the patient, particularly those who 
are incapable of reliably self-administering injections. 
0003 Substantial improvements in diabetes therapy have 
been achieved by the development of the drug delivery 
device, relieving the patient of the need for Syringes or drug 
pens and the administration of multiple, daily injections. The 
drug delivery device allows for the delivery of drug in a 
manner that bears greater similarity to the naturally occur 
ring physiological processes and can be controlled to follow 
standard or individually modified protocols to give the 
patient better glycemic control. 
0004. In addition, delivery directly into the intraperito 
neal space or intravenously can be achieved by drug delivery 
devices. Drug delivery devices can be constructed as an 
implantable device for Subcutaneous arrangement or can be 
constructed as an external device with an infusion set for 
Subcutaneous infusion to the patient via the transcutaneous 
insertion of a catheter, cannula or a transdermal drug trans 
port Such as through a patch. External drug delivery devices 
are mounted on clothing, hidden beneath or inside clothing, 
or mounted on the body and are generally controlled via a 
user interface built-in to the device or on a separate remote 
device. 
0005 Drug delivery devices have been utilized to assist 
in the management of diabetes by infusing drug or a suitable 
biologically effective material into the diabetic patient at a 
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basal rate with additional drug or “bolus' to account for 
meals or high analyte values, levels or concentrations. The 
drug delivery device is connected to an infuser, better known 
as an infusion set by a flexible hose. The infuser typically 
has a Subcutaneous cannula, adhesive backed mount on 
which the cannula is attached thereto. The cannula may 
include a quick disconnect to allow the cannula and mount 
to remain in place on the skin surface of the user while the 
flexible tubing is disconnected from the infuser. Regardless 
of the type of drug delivery device, blood analyte monitoring 
is required to achieve acceptable glycemic control. For 
example, delivery of Suitable amounts of drug by the drug 
delivery device requires that the patient frequently deter 
mines his or her blood analyte level and manually input this 
value into a user interface for the external pump, which then 
calculates a suitable modification to the default or currently 
in-use drug delivery protocol, i.e. dosage and timing, and 
Subsequently communicates with the drug delivery device to 
adjust its operation accordingly. The determination of blood 
analyte concentration is typically performed by means of an 
episodic measuring device Such as a hand-held electronic 
meter which receives blood samples via enzyme-based test 
strips and calculates the blood analyte value based on the 
enzymatic reaction. 
0006. In recent years, continuous analyte monitoring has 
also been utilized with drug delivery devices to allow for 
greater control of the drug(s) being infused into the diabetic 
patients. In addition to glucose monitoring, people with 
diabetes often have to perform drug therapy such as, for 
example, insulin dosing. People with diabetes may self 
administer insulin to reduce their blood glucose concentra 
tion. There are a number of mechanical devices currently 
available which enable an individual to dose a predeter 
mined quantity of insulin Such as, for example, a hypoder 
mic syringe, an insulin pen, and an insulin pump. One Such 
insulin pump is the Animas R. Ping, a product which is 
manufactured by Animas Corporation. Another is the Ani 
mas(R Vibe, also manufactured by Animas Corporation. 
0007 People with diabetes should maintain tight control 
over their lifestyle, so that they are not adversely affected by, 
for example, irregular food consumption or exercise. In 
addition, a physician dealing with a particular individual 
with diabetes may require detailed information on the indi 
viduals lifestyle to provide effective treatment or modifi 
cation of treatment for controlling diabetes. Currently, one 
of the ways of monitoring the lifestyle of an individual with 
diabetes has been for the individual to keep a paper logbook 
of their lifestyle. Another way is for an individual to simply 
rely on remembering facts about their lifestyle and then 
relay these details to their physician on each visit. 
0008. The aforementioned methods of recording lifestyle 
information are inherently difficult, time consuming, and 
possibly inaccurate. Paper logbooks are not necessarily 
always carried by an individual and may not be accurately 
completed when required. Such paper logbooks are Small 
and it is therefore difficult to enter detailed information 
requiring detailed descriptors of lifestyle events. Further 
more, an individual may often forget key facts about their 
lifestyle when questioned by a physician who has to manu 
ally review and interpret information from a hand-written 
notebook. There is no analysis provided by the paper log 
book to distill or separate the component information. Also, 
there are no graphical reductions or Summary of the infor 
mation. Entry of data into a secondary data storage system, 
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Such as a database or other electronic systems, requires a 
laborious transcription of information, including lifestyle 
data, into this secondary data storage. Difficulty of data 
recordation encourages retrospective entry of pertinent 
information that results in inaccurate and incomplete 
records. 

SUMMARY OF THE DISCLOSURE 

0009. Applicant has discovered techniques for determin 
ing clusters of data that can be utilized to provide significant 
insights to the person with diabetes. In one embodiment, a 
system for management of diabetes of a subject is provided 
that includes at least one glucose monitor and a controller 
operatively connected to the at least one glucose monitor. 
The at least one glucose monitor is configured to measure a 
glucose concentration based on an enzymatic reaction with 
physiological fluid in a biosensor that provides an electrical 
signal representative of the glucose concentration. The con 
troller is in communication with at least one glucose monitor 
and configured to receive or transmit glucose data represen 
tative of glucose levels measured by the glucose monitor 
over a predetermined time period to determine plural clus 
ters of glucose data with respect to glucose levels and the 
predetermined time so that the glucose levels with reference 
to a predetermined time period are correlated to each other 
in a cluster due to their similarity as compared to glucose 
levels in other clusters. And in this system, the controller 
annunciates a message whenever at least a cluster in which 
a number (N) of glucose measurements of each cluster is 
divided into a total number of days (D) on which the glucose 
measurements were taken in a specific time interval of a day 
(SID) and the result (N/D) divided into the specific time 
interval in a day (SID) is less than a predetermined threshold 
so that the subject is notified that the number of glucose 
measurements is less than optimum for management of 
diabetes. 
0010. In yet another aspect, a system for management of 
diabetes of a subject. The system is provided that includes at 
least one glucose monitor and a controller. The at least one 
glucose monitor is configured to measure a glucose concen 
tration based on an enzymatic reaction with physiological 
fluid in a biosensor that provides an electrical signal repre 
sentative of the glucose concentration. The controller is in 
communication with at least one glucose monitor, and 
configured to receive or transmit glucose data representative 
of glucose levels measured by the glucose monitor over a 
predetermined time period to determine plural clusters of 
glucose data with respect to glucose levels so that the 
glucose levels with reference to a predetermined time period 
are correlated to each other in a cluster due to their similarity 
as compared to glucose levels in other clusters and at least 
three clusters of glucose levels are provided to indicate the 
distribution of the glucose levels. And in this system, the 
controller annunciates an indication of the distribution of the 
at least three clusters into respective first range, second 
range, and third range of glucose values. 
0011. In yet a further embodiment, a method for manag 
ing diabetes of a user with at least a glucose monitor and an 
infusion pump which are coupled to controller is provided. 
The method can be achieved by: conducting a plurality of 
glucose measurements over time with the at least one 
glucose monitor; collating the plurality of glucose measure 
ments into clusters for a predetermined time period; in the 
event that the clusters indicate gaps in the glucose measure 
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ments during the predetermined time period, annunciating 
Such gaps to the user; in the event that the clusters indicate 
that the clusters are converging towards a certain range of 
glucose values, annunciating that the clusters are trending 
towards such range; or in the event that the clusters indicate 
three different ranges of glucose values in which one cluster 
has a boundary greater than 180 mg/dL, annunciating to the 
user a glucose range that is intermediate in value between 
180 mg/dL and the boundary. 
0012. In these foregoing embodiments, the following 
features may be used in various permutations with each 
other and the foregoing embodiment. For example, in the 
system, the annunciating of gaps comprises informing the 
user whenever at least a cluster in which a number (N) of 
glucose measurements of each cluster is divided into a total 
number of days (D) on which the glucose measurements 
were taken in a specific time interval of a day (SID) and the 
result (N/D) divided into the specific time interval in a day 
(SID) is less than a predetermined threshold; the specific 
time interval in a day comprises at least one of an overnight 
interval from about 10 PM to about 6 AM; a day interval 
from about 6 AM to about 5 PM; or a night interval from 
about 5 PM to about 10 PM; the predetermined threshold for 
the night interval comprises about 0.17 tests per hour-day; 
the predetermined threshold for the day interval comprises 
about 0.095 tests per hour-day; the message comprises a 
Suggestion of which specific time interval to obtain more 
glucose measurements; the first range of glucose values 
comprises a minimum greater than a maximum of the 
second range, which has a minimum greater than a maxi 
mum of the first range; the minimum of the first range 
comprises about 180 mg/dL of glucose, the minimum of the 
second range comprises about 70 mg/dL; each of the clusters 
comprises glucose measurements with respect specific time 
intervals within the predetermined time period so that a 
message of a distribution of at least one cluster within one 
of the first, second and third ranges is annunciated. 
0013 These and other embodiments, features and advan 
tages will become apparent to those skilled in the art when 
taken with reference to the following more detailed descrip 
tion of various exemplary embodiments of the invention in 
conjunction with the accompanying drawings that are first 
briefly described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The accompanying drawings, which are incorpo 
rated herein and constitute part of this specification, illus 
trate presently preferred embodiments of the invention, and, 
together with the general description given above and the 
detailed description given below, serve to explain features of 
the invention (wherein like numerals represent like ele 
ments). 
0015 FIG. 1 illustrates an exemplary embodiment of the 
diabetic management system. 
0016 FIG. 2 illustrates an exemplary logic 200 of the 
technique utilized by the system of FIG. 1. 
(0017 FIG. 3A illustrates the clustering technique 300 
utilized by the logic of FIG. 2. 
(0018 FIGS. 3B, 3C, 3D, and 3E illustrate a simplified 
example of the clustering technique of FIG. 3. 
0019 FIGS. 4A and 4B illustrate outputs of insights 
gleaned from trends or convergence of the glucose measure 
ment data with clustering of the data. 



US 2017/OO67846 A1 

0020 FIG. 5 illustrates an output to show gaps in the 
glucose measurements with the use of clustering of glucose 
data. 
0021 FIG. 6 illustrates an output of where the patients 
glucose data fall into three different clusters as compared to 
the expected range of glucose measurements for a person 
with diabetes. 

MODES FOR CARRYING OUT THE 
INVENTION 

0022. The following detailed description should be read 
with reference to the drawings, in which like elements in 
different drawings are identically numbered. The drawings, 
which are not necessarily to scale, depict selected embodi 
ments and are not intended to limit the scope of the inven 
tion. The detailed description illustrates by way of example, 
not by way of limitation, the principles of the invention. This 
description will clearly enable one skilled in the art to make 
and use the invention, and describes several embodiments, 
adaptations, variations, alternatives and uses of the inven 
tion, including what is presently believed to be the best 
mode of carrying out the invention. 
0023. As used herein, the terms “about' or “approxi 
mately for any numerical values or ranges indicate a 
suitable dimensional tolerance that allows the part or col 
lection of components to function for its intended purpose as 
described herein. In addition, as used herein, the terms 
“patient,” “host,” “user,” and “subject” refer to any human 
or animal subject and are not intended to limit the systems 
or methods to human use, although use of the Subject 
invention in a human patient represents a preferred embodi 
ment. Furthermore, the term “user' includes not only the 
patient using a drug infusion device but also the caretakers 
(e.g., parent or guardian, nursing staff or home care 
employee). The term "drug may include pharmaceuticals or 
other chemicals that causes a biological response in the body 
of a user or patient. 
0024 FIG. 1 illustrates a drug delivery system 100 
according to an exemplary embodiment. Drug delivery 
system 100 includes a drug delivery device 102 and a remote 
controller 104. Drug delivery device 102 is connected to an 
infusion set 106 via flexible tubing 108. 
0025 Drug delivery device 102 is configured to transmit 
and receive data to and from remote controller 104 by, for 
example, radio frequency communication 110. Drug deliv 
ery device 102 may also function as a stand-alone device 
with its own built in micro controller or controller. In one 
embodiment, drug delivery device 102 is a drug infusion 
device and remote controller 104 is a hand-held portable 
controller. In Such an embodiment, data transmitted from 
drug delivery device 102 to remote controller 104 may 
include information Such as, for example, drug delivery 
data, blood glucose information, basal, bolus, insulin to 
carbohydrates ratio or insulin sensitivity factor, to name a 
few. The controller 104 may be configured to receive 
continuous analyte readings from a continuous analyte 
(“CGM) sensor 112. Data transmitted from remote control 
ler 104 to drug delivery device 102 may include analyte test 
results and a food database to allow the drug delivery device 
102 to calculate the amount of drug to be delivered by drug 
delivery device 102. Alternatively, the remote controller 104 
may perform dosing or bolus calculation and send the results 
of such calculations to the drug delivery device 102. In an 
alternative embodiment, an episodic blood analyte meter 
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114 may be used alone or in conjunction with the CGM 
sensor 112 to provide data to either or both of the controller 
104 and drug delivery device 102. Alternatively, the remote 
controller 104 may be combined with the meter 114 into 
either (a) an integrated monolithic device; or (b) two sepa 
rable devices that are dockable with each other to form an 
integrated device. Each of the devices 102,104, and 114 has 
a suitable micro-controller (not shown for brevity) pro 
grammed to carry out various functionalities. For example, 
a microcontroller can be in the form of a mixed signal 
microprocessor (MSP) for each of the devices 102, 104, or 
114. Such MSP may be, for example, the Texas Instrument 
MSP 430, as described in patent application publication 
numbers US2010-033.2445, and US2008-0312512 which 
are incorporated by reference in their entirety herein and 
attached hereto the Appendix of this application. The MSP 
430 or the pre-existing microprocessor of each of these 
devices can be configured to also perform the method 
described and illustrated herein. 
0026. The measurement of glucose can be based on a 
physical transformation (i.e., the selective oxidation) of 
glucose by the enzyme glucose oxidase (GO). For example, 
in the Strip type biosensor, the reactions that can occur in 
Such biosensor are Summarized below in Equations 1 and 2. 

Glucose+GO >Gluconic Acid+GO Eq. 1 

GO+2Fe(CN)->GO+2Fe(CN), Eq. 2 
0027. As illustrated in Equation 1, glucose is oxidized to 
gluconic acid by the oxidized form of glucose oxidase 
(GO). It should be noted that GO may also be referred 
to as an “oxidized enzyme. During the chemical reaction in 
Equation 1, the oxidized enzyme GO is transformed to its 
reduced state, which is denoted as GO (i.e., “reduced 
enzyme”). Next, the reduced enzyme GO is re-oxidized 
back to GO by reaction with Fe(CN) (referred to as 
either the oxidized mediator or ferricyanide) as illustrated in 
Equation 2. During the re-generation or transformation of 
GO back to its oxidized state GO Fe(CN) is 
reduced to Fe(CN)" (referred to as either reduced mediator 
or ferrocyanide). 
0028. When the reactions set forth above are conducted 
with a test voltage applied between two electrodes, a test 
current can be created by the electrochemical re-oxidation of 
the reduced mediator at the electrode surface. Thus, since, in 
an ideal environment, the amount of ferrocyanide created 
during the chemical reaction described above is directly 
proportional to the amount of glucose in the sample posi 
tioned between the electrodes, the test current generated 
would be proportional to the glucose content of the sample. 
A mediator, Such as ferricyanide, is a compound that accepts 
electrons from an enzyme such as glucose oxidase and then 
donates the electrons to an electrode. As the concentration of 
glucose in the sample increases, the amount of reduced 
mediator formed also increases; hence, there is a direct 
relationship between the test current, resulting from the 
re-oxidation of reduced mediator, and glucose concentra 
tion. In particular, the transfer of electrons across the elec 
trical interface results in the flow of a test current (2 moles 
of electrons for every mole of glucose that is oxidized). The 
test current resulting from the introduction of glucose can, 
therefore, be referred to as a glucose current. 
0029 Analyte levels or concentrations can also be deter 
mined by the use of the CGM sensor 112. The CGM sensor 
112 utilizes amperometric electrochemical sensor technol 
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ogy to measure analyte with three electrodes operably 
connected to the sensor electronics and are covered by a 
sensing membrane and a biointerface membrane, which are 
attached by a clip. The top ends of the electrodes are in 
contact with an electrolyte phase (not shown), which may 
include a free-flowing fluid phase disposed between the 
sensing membrane and the electrodes. The sensing mem 
brane may include an enzyme, e.g., analyte oxidase, which 
covers the electrolyte phase. In this exemplary sensor, the 
counter electrode is provided to balance the current gener 
ated by the species being measured at the working electrode. 
In the case of an analyte oxidase based glucose sensor, the 
species being measured at the working electrode is H2O. 
The current that is produced at the working electrode (and 
flows through the circuitry to the counter electrode) is 
proportional to the diffusional flux of HO. Accordingly, a 
raw signal may be produced that is representative of the 
concentration of blood glucose in the user's body, and 
therefore may be utilized to estimate a meaningful blood 
glucose value. Details of the sensor and associated compo 
nents are shown and described in U.S. Pat. No. 7.276,029, 
which is incorporated by reference herein as if fully set forth 
herein this application. In one embodiment, a continuous 
analyte sensor from the Dexcom Seven System (manufac 
tured by Dexcom Inc.) can also be utilized with the exem 
plary embodiments described herein. 
0030 Drug delivery device 102 may also be configured 
for bi-directional wireless communication with a remote 
health monitoring station 116 through, for example, a wire 
less communication network 118. Remote controller 104 
and remote monitoring station 116 may be configured for 
bi-directional wired communication through, for example, a 
telephone land based communication network. Remote 
monitoring station 116 may be used, for example, to down 
load upgraded software to drug delivery device 102 and to 
process information from drug delivery device 102. 
Examples of remote monitoring station 116 may include, but 
are not limited to, a personal or networked computer, a 
personal digital assistant, other mobile telephone, a hospital 
base monitoring station or a dedicated remote clinical moni 
toring station. 
0031 Drug delivery device 102 includes processing elec 
tronics including a central processing unit and memory 
elements for storing control programs and operation data, a 
radio frequency module 116 for sending and receiving 
communication signals (i.e., messages) to/from remote con 
troller 104, a display for providing operational information 
to the user, a plurality of navigational buttons for the user to 
input information, a battery for providing power to the 
system, an alarm (e.g., visual, auditory or tactile) for pro 
viding feedback to the user, a vibrator for providing feed 
back to the user, a drug delivery mechanism (e.g. a drug 
pump and drive mechanism) for forcing a drug from a drug 
reservoir (e.g., a drug cartridge) through a side port con 
nected to an infusion set 106 and into the body of the user. 
0032. The components of the system described in relation 

to FIG. 1 are helpful to the person with diabetes in managing 
their disease. However, to achieve the efficacy in manage 
ment of the disease, the person with diabetes would need 
more than just these components. As applicant has recog 
nized, the component or the system must be able to provide 
easy to understand information that assist in the decision 
making of the person. To assist in this, applicant has devised 
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a system that provides insights into the glucose measure 
ments obtained for management of diabetes of a subject. 
0033 For the system of FIG. 1 to operate in accordance 
with applicant’s new technique, a controller 104 is set up to 
be in communication with at least one glucose monitor 
(SMBG, CGM, or both). The controller 104 is configured to 
receive or transmit glucose data representative of glucose 
levels measured by the glucose monitor over a predeter 
mined time period. By doing this, the controller 104, in 
accordance with the logic 200 of FIG. 2, is able to determine 
clusters of glucose data with respect to glucose levels and 
the predetermined time so that the glucose levels with 
reference to a predetermined time period are correlated to 
each other in a cluster due to their similarity as compared to 
glucose levels in other clusters. 
0034. In particular, the logic 200 begins with measure 
ments of glucose data with the glucose monitor at Step 202. 
The glucose data may include more than just the glucose 
concentration Such as, for example, date, time, user's flags 
and other suitable records related to diabetes. For brevity, the 
discussion will use glucose data but it should be clear that 
the embodiments herein are not limited to Solely glucose 
measurementS. 

0035. At step 204, the data is obtained by the controller 
104 for a defined reporting period. Such as, for example, in 
the last 7 days, 21 days, 30 days or any number of days as 
set by the user. At step 206, the collated data from step 204 
is “clustered using a suitable cluster determination tech 
nique, such as, for example, the "K-mean clustering tech 
nique. 
0036 “K means clustering was developed by J. Mac 
Queen (1967) and then by J. A. Hartigan and M. A. Wong 
around 1975. K-means clustering is a technique to classify 
or to group your data objects as a function of attributes into 
k group where k is a positive integer number. The technique 
involves finding and minimizing the Sum of squares of 
distances between data objects and one or more centroids of 
the data objects. Additional details of the technique are 
shown and described in “Algorithm AS 136: A K-Means 
Clustering Algorithm' by J. A. Hartigan and M. A. Wong 
Journal of the Royal Statistical Society. Series C (Applied 
Statistics) Vol. 28, No. 1 (1979), pp. 100-108 Published by: 
Wiley-Blackwell at http://home.deipolimi.it/matteucc/Clus 
tering/tutorial html/index.html. Other examples can be 
found in Chapter 8 of the book “Introduction to Data 
Mining” by Pang-Ning Tan, Michigan State University, 
Michael Steinbach, University of Minnesota and Vipin 
Kumar, University of Minnesota, Publisher: Addison-Wes 
ley (2006). 
0037 Specifically, the technique involves the following 
steps shown in process 300 of FIG. 3A. At step 302, arbitrary 
Kpoints can be placed into space represented by the glucose 
measurements with respect to time so that these K points 
represent initial group centroids. This can be seen in the 
example of FIG. 3B where four data points O1, O2, O3, and 
O4 are utilized for brevity in this example. At step 304, each 
glucose measurements O1, O2, O3, and O4 to the group that 
has the closest centroid to the glucose measurement(s). For 
this example, two centroids K1 and K2 are arbitrarily 
selected in FIG.3C. The distance from data point O3 to K1 
and K2 are calculated along with the distance from O4 and 
K1 and K2 are calculated. As an example, the minimum 
distance from O4 to K1 is da V(4-1)+(3–1): or 3.61 
and the minimum distance from O4 to K2 da 
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V(4-2)+(3–1) or 2.83. At step 304, the glucose data O1, 
O2, O3, and O4 are assigned based on the minimum distance 
to the centroids K1 and K2. As can be seen in FIG. 3D, the 
glucose measurement O1 is within Group 1 in which K1 is 
also the centroid for Group 1. Measurements O2, O3, and 
O4 are part of group 2 closest to centroid K1. In step 306, 
after all glucose measurements have been assigned to the 
closest respective centroids, recalculate the position of the 
K-centroids and relocate the centroids if needed to ensure 
the minimum distance between the data points and the 
relevant centroid(s). In FIG. 3D, it is noted that Group 2 has 
three members (O2, O3, and O4), then the centroid of Group 
2 (denoted by K2) is the average distance between the three 
members (3.7 hours by 2.7 mMol/dL). At step 306, the 
minimum distance from each data object to the centroids 
(including the new centroid K2) is calculated and the 
minimum distance is calculated from each object to the new 
centroid K2. Due to the minimum distance from O2 to 
centroid K1, O2 belongs to Group 1. 
0038. It can be seen that, in FIG. 4D, another iteration is 
needed to ensure the minimum distance from the data 
point(s) to the relevant centroid(s). As such, with reference 
to FIG. 3E, a new centroid K1" is calculated based on the 
average distance between members O1 and O2 and desig 
nated in FIG. 3E. A new centroid K2" is calculated based on 
the average distance between members O3 and O4 being in 
Group 2. Steps 304 and 306 are repeated until the centroids 
can no longer be relocated in order to meet the minimum 
distance rule. In the example in FIG. 3E, the centroid K1 
and K2" do not move any longer as these centroids have 
reached a local optima while also satisfy the requirements of 
the clustering algorithm. This produces a separation of the 
objects into groups (e.g., Groups 1 and 2 of FIG. 3E) based 
on a rational basis for this clustering. 
0039. In actual data, shown here in FIG. 4A, data deemed 
to be “above range' of 170 mg/dL have been grouped in 
cluster 402 while data deemed to be within the range of 70 
mg/dL to 170 mg/dL are grouped in cluster 404 and whereas 
data deemed to be below range of 70 mg/dL are grouped in 
cluster 406. This signifies to the user of the extent to which 
the glucose data are mostly in range and notably out of range 
in clusters 404 and 406 at substantially the same time 
interval from about 3 AM to about 9 AM. In contrast, the 
clustering of FIG. 4B shows that the above range cluster 408 
generally coincides with the in-range cluster 410. Both 
clusters 410 and 412 do not coincide in the same time 
interval (3 AM-7 AM) for the below range cluster 412. As 
shown in FIG. 2, messages can be annunciated to the user of 
the disparities in the clusters based on the time intervals of 
the clusters. That is, each of the clusters (e.g. 402,404, 406, 
408, 410, 412) may include glucose measurements with 
respect specific time intervals within the predetermined time 
period so that an indication of a distribution of at least one 
cluster within one of the first, second and third ranges is 
annunciated, e.g., FIG. 4A or 4.B. As used herein, the term 
“annunciated' and variations on the root term indicate that 
an announcement may be provided via text, audio, visual or 
a combination of all modes of communication to a user, a 
caretaker of the user or a healthcare provider. 
0040 Alternatively, a Suggested testing frequency can be 
identified from a standard mapping taking into account the 
time of day and length of timeslot from, for example, Table 
1. 
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TABLE I 

Time of Day Tests/hour-Day 

Overnight (10 PM-6 AM) 
Day (6 AM-5 PM) 
Night (5 PM-10 PM) 

0.125 Tests/hour-Day 
0.1 Tests/hour-Day 

0.1667 Tests/hour-Day 

0041. For a timeslot closest to Night that spanned 4 
hours, and had 10 tests over a 14 day period, the timeslot 
would average 0.71 tests/day, and over the 4 hours, the 
timeslot would average 0.179 tests/hour-day. This is above 
the limit of 0.1667 tests/hour-Day and would be considered 
sufficient. 
0042. For a timeslot closest to Day that spanned 6 hours, 
and had 8 tests over a 14 day period, the timeslot would 
average 0.57 tests/day, and over the 6 hours, the timeslot 
would average 0.095 tests/hour-day. This is above the limit 
of 0.095 tests/hour-Day and would be considered insuffi 
cient. 
0043. The message would indicate the timeslot, and how 
many more readings each week that should be added to 
reach adequacy. For example, the system may output 'you 
have inadequate testing from 12 PM-6 PM. You should test 
0.5 times more each week in this timeslot to reach 
adequacy.” 
0044) The visualization would highlight the timeslot that 
required more testing indicating target tests/week for each 
timeslot and actual tests per week in each timeslot. Such as, 
for example, visually in FIG. 5 or textually in Table II. 
0045. As shown in FIG. 5, areas 502, 504,506, and 508 
can be used by the system to indicate that there are gaps in 
when the user has conducted glucose measurements. Where 
the user is using a CGM, this visualization can be used by 
the user or HCP to determine whether there are problems 
with the CGM data due to gaps in the output data. 
0046. In Table II below, a textual indication can be 
provided to the user that actual glucose measurements at 4.2 
measurements per week do not meet the recommended tests 
per week (e.g., 5.25) during a specific time interval from 12 
AM to 6 AM and that the actual measurements at 4.2 tests 
per week do not meet the recommended measurements per 
week during the specific time interval from 12 PM to 6 PM 
during a predetermined range of time (e.g., one-week). 

TABLE II 

12AM- 6AM- 8AM- 10AM- 12PM- 6PM- 9PM 
6AM 8AM 1 OAM 12PM 6PM 9PM 12AM 

Tests 4.2 2 1.5 1.5 4 3.75 3 
Wk 
Recom- 5.25 1.4 1.4 1.47 4.2 3.5 2.625 
mended 
Tests 
Wk 

0047. To recap, the controller 104 may annunciate a 
message whenever at least a cluster in which a number (N) 
of glucose measurements of each cluster is divided into a 
total number of days (D) on which the glucose measure 
ments were taken in a specific time interval of a day (SID) 
and the result (N/D) divided into the specific time interval in 
a day (SID) is less than a predetermined threshold so that the 
Subject is notified that the number of glucose measurements 
is less than optimum for management of diabetes. In this 
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message, the specific time interval in a day may include at 
least one of an overnight interval from about 10 PM to about 
6 AM; a day interval from about 6 AM to about 5 PM; or a 
night interval from about 5 PM to about 10 PM; the 
predetermined threshold for the night interval may include 
about 0.17 tests per hour-day; the predetermined threshold 
for the day interval may include about 0.095 tests per 
hour-day. 
0048. When analyzing blood glucose data, a target range 

is often used to categorize a specific SMBG reading as being 
good or bad for a patient. There are established recom 
mended ranges for patients, but in many cases doctors may 
customize the range. For patients, however, bringing their 
glucose under control and into the suggested range can seem 
daunting, especially when a patient is initially out of control 
with respect to glucose. 
0049. With reference to FIG. 6, the controller 104 can 
determine clusters of glucose data with respect to glucose 
levels such that at least three clusters of glucose levels are 
provided to indicate the distribution of the glucose levels. As 
shown in FIG. 6, the technique will always identify 3 
clusters of data but these clusters are not fixed to specific 
ranges but rather are defined by the three clusters them 
selves. For example, the measurements are collated into the 
following 3 clusters: High Cluster 602 (ranging from about 
225-335 mg/dL); a Mid-Range cluster 604 (ranging from 
about 80 mg/dL-225 mg/dL); and a Low Cluster 606 (rang 
ing from about 45 mg/dL-50 mg/dL). Due to the clustering 
of the data, the users' mid-range cluster 604 falls at about 80 
mg/dL to about 225 mg/dL. It is noted that an ideal range 
would have all users managing to a range of about 70 
mg/dL-130 mg/dL. 
0050 For picking a high range, the logic could compare 
user's current high end of the mid-range cluster to the ideal. 
In this case, the glucose concentration of 225 mg/dL would 
be compared to the ideal 130 mg/dL. It would be desirable 
to the subject to manage the glucose concentration to a range 
under 130 mg/dL, but in fact the user currently has enough 
high readings to form a cluster with a boundary at 225. 
Changing a subject’s glucose concentration from 225 mg/dL 
down to 130 mg/dL may seem like a daunting task, and the 
system may suggest a 10% improvement over the current 
clustering, and recommend a high range of 202 mg/dL for 
now. This smaller goal improvement may be more manage 
able for the user, and the analysis would be re-run, and 
should be more tightly controlled data in the future after the 
user has better managed to the new recommended range. 
0051. For picking a low range, the logic could compare 
the user's current low-end of the mid-range cluster to the 
ideal. In this case, 80 would be compared to 70. For the 
system to maintain adequate safeguard against triggering an 
indication of hypoglycemia, it might not be desirable to 
make the low higher than the ideal low of 70. As such, the 
system would recommend 70 mg/dL as the low range (i.e., 
simply recommending the ideal target). 
0052. Other variations are possible for this embodiment. 
For example, the system's logic can be run separately on 
pre-meal and post-meal data to provide recommended 
ranges for these categorizations of glucose readings. The 
logic can be run on older data sets to show progress over 
time. The logic may use the linear distance in SMBG or 
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CGM readings for analysis, or it can use adjusted values 
intended to scale SMBG or CGM readings more appropri 
ately. 
0053 Applicant notes that other clustering techniques 
can also be utilized in addition to or alternatively to the 
K-means clustering technique described herein. For 
example, the K-median clustering, Gaussian mixture model. 
or c-means fuzzy clustering can also be utilized. As such, 
embodiments of the present invention are not limited strictly 
to the clustering technique described herein. 
0054 While the invention has been described in terms of 
particular variations and illustrative figures, those of ordi 
nary skill in the art will recognize that the invention is not 
limited to the variations or figures described. In addition, 
where methods and steps described above indicate certain 
events occurring in certain order, those of ordinary skill in 
the art will recognize that the ordering of certain steps may 
be modified and that such modifications are in accordance 
with the variations of the invention. Additionally, certain of 
the steps may be performed concurrently in a parallel 
process when possible, as well as performed sequentially as 
described above. Therefore, to the extent there are variations 
of the invention, which are within the spirit of the disclosure 
or equivalent to the inventions found in the claims, it is the 
intent that this patent will cover those variations as well. 

1.-5. (canceled) 
6. A system for management of diabetes of a subject, the 

system comprising: 
at least one glucose monitor that is configured to measure 

a glucose concentration based on an enzymatic reaction 
with physiological fluid in a biosensor that provides an 
electrical signal representative of the glucose concen 
tration; and 

a controller in communication with at least one glucose 
monitor, the controller being configured to receive or 
transmit glucose data representative of glucose levels 
measured by the glucose monitor over a predetermined 
time period to determine plural clusters of glucose data 
with respect to glucose levels so that the glucose levels 
with reference to a predetermined time period are 
correlated to each other in a cluster due to their simi 
larity as compared to glucose levels in other clusters 
and at least three clusters of glucose levels are provided 
to indicate the distribution of the glucose levels; 

wherein the controller annunciates an indication of the 
distribution of the at least three clusters into respective 
first range, second range, and third range of glucose 
values. 

7. The system of claim 6, in which the first range of 
glucose values comprises a minimum greater than a maxi 
mum of the second range, which has a minimum greater than 
a maximum of the first range. 

8. The system of claim 7, in which the minimum of the 
first range comprises about 180 mg/dL of glucose, the 
minimum of the second range comprises about 70 mg/dL. 

9. The system of claim 7, in which each of the clusters 
comprises glucose measurements with respect specific time 
intervals within the predetermined time period so that a 
message of a distribution of at least one cluster within one 
of the first, second and third ranges is annunciated. 

10.-15. (canceled) 


