wo 2011/008520 A2 I 10K 000 OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /’@T‘?’i‘\
International Bureau v{ ’0
&)
(43) International Publication Date N\

20 January 2011 (20.01.2011)

(10) International Publication Number

WO 2011/008520 A2

(51) International Patent Classification:
A61B 5/00 (2006.01) GOIN 33/487 (2006.01)

(21) International Application Number:

PCT/US2010/040309

(22) International Filing Date:

29 June 2010 (29.06.2010)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
61/222,006 Us

Applicant (for all designated States except US): LIFES-
CAN, INC. [US/US]; 1000 Gibraltar Drive, Milpitas, CA
95035 (US).

30 June 2009 (30.06.2009)
(1)

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): SHADFORTH, Ian
[GB/US]; 550 South Van Ness #207, San Francisco, CA
94110 (US). PRICE, David [US/US]; 2691 Calle Alegre,
Pleasanton, CA 94566 (US). SIEH, Zara [US/US]; 487
Montori Court, Pleasanton, CA 94566 (US). MONT-
GOMERY, Brenda [US/US]; 301 Charleston Greene,
Malvern, PA 19355 (US). BERGMAN, Eric [US/US];
310 Nova Lane, Menlo Park, CA 94205 (US).

Agents: JOHNSON, Philip, S. et al.; Johnson & John-
son, One Johnson & Johnson Plaza, New Brunswick, NJ
08933 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(1))

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: ANALYTE TESTING METHODS AND DEVICE FOR CALCULATING BASAL INSULIN THERAPY

(LN Fie. 1

30 2

32

)/
e oo [eHE

(57) Abstract: Described herein are various methods to ensure safety and the compliance of therapeutic diabetes protocols. The
method can be achieved by performing safeguards against hypoglycemia of the user prior to any change in basal insulin dosage

based on the plurality of data.



WO 2011/008520 A2 I 0000 ) 00N O A AR A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2011/008520 PCT/US2010/040309

ANALYTE TESTING METHODS AND DEVICE
FOR CALCULATING BASAL INSULIN THERAPY

lan SHADFORTH
David PRICE
Zara SIEH
Brenda MONTGOMERY
Eric BERGMAN

[0001] This application claims the benefits of priority under 35 USC§ 119 and/or §120
from prior filed U.S. Provisional Application Serial No. 61/222,006 filed on June 30, 2009,

which applications are incorporated by reference in their entirety into this application.

BACKGROUND

[0002] Introduction and management of insulin therapy to a patient with diabetes can be
overwhelming to the patient and a burden to the provider due to the complexity of
conventional methods and devices for doing so. Significant training of the patient may be
necessary. The patient may need to learn, for example, various concepts and actions
including hypoglycemia management, injections and the proper use of insulin
administration devices, as well as the mechanical, electronic, and software aspects of
using a blood glucose meter. In addition, the patient must learn to follow the doctor’s
instructions in starting and adjusting insulin dosages on a regular basis (e.g., per meal,

daily, 2x weekly, or weekly basis).

Detailed instructions as to the prescribed blood glucose testing and insulin
titration protocol are typically written out by the health care professional and checked off
on a piece of paper. Patients often keep handwritten logs in order to comply. Itis not

uncommon for a patient to have poor glycemic control even after getting onto insulin
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therapy. The user can have difficulty determining how much insulin to take before going

to bed based on current and previous glucose measurements.

SUMMARY OF THE DISCLOSURE

[0003] Applicants have recognized that there is a need for safeguards in self-
administered insulin therapy. In providing a solution that is believed to satisfy this need,
applicants have provided for a method for management of diabetes of a user with a
handheld glucose-insulin data management unit. The data management unit has an
analyte test sensor, a processor coupled to a memory and display. The method can be
achieved by: measuring a plurality of blood glucose concentration value of the user with
the analyte test sensor over a plurality of time periods; collecting data representative of
the plurality of fasting blood glucose concentration value with the handheld glucose-
insulin data management unit; ascertaining from the collected data whether the user has
conducted a minimum number fasting blood glucose concentration measurements within
at least one of four prescribed time periods; determining whether the collected data
indicate one of a first low blood glucose concentration pattern and a second low blood
glucose concentration pattern lower than the first low blood glucose concentration
pattern; and upon determination of at least one of the first and second low blood
glucose concentration patterns of the user, displaying safety notifications on the display

screen of the handheld glucose-insulin data management unit.

[0004] In a further embodiment, a method to safeguard basal insulin dose changes with
a handheld glucose-insulin data management unit is provided. The data management
unit has a test sensor, a processor coupled to a memory and display. The method can be
achieved by: collecting data representative of a plurality of fasting blood glucose

concentration values as measured by the test sensor of the handheld glucose-insulin data
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management unit; performing safeguards against hypoglycemia of the user prior to any
change in basal insulin dosage based on the plurality of data; and upon completion of the
safeguard , recommending one of no change in the current basal insulin dose, an increase
or decrease in the current basal insulin dose as a function of at least three consecutive
fasting glucose concentration values from the plurality of fasting blood glucose
concentration values.

[0005] These and other embodiments, features and advantages will become apparent to
those skilled in the art when taken with reference to the following more detailed
description of the embodiments of the invention in conjunction with the accompanying

drawings that are first briefly described here below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings, which are incorporated herein and constitute part of this
specification, illustrate 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.

[0007] Figure 1 illustrates a diabetes management system that includes an analyte
measurement and management device, therapeutic dosing devices, and
data/communication devices, according to an exemplary embodiment described and
illustrated herein.

[0008] Figure 2 illustrates a top portion of a circuit board of the analyte measurement
and management device, according to an exemplary embodiment described and
illustrated herein.

[0009] Figure 3 illustrates a bottom portion of the circuit board of the analyte
measurement and management device, according to an exemplary embodiment

described and illustrated herein.
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[0010] Figure 4 illustrates a schematic of the functional components of an insulin pump,
according to an exemplary embodiment described and illustrated herein.

[0011] Figure 5 illustrates a user interface of the analyte measurement and management
device for providing basal insulin therapy, according to an exemplary embodiment
described and illustrated herein.

[0012] Figure 6 is a flow chart illustrating an embodiment of a method for activating and
setting up basal insulin therapy, according to an exemplary embodiment described and
illustrated herein.

[0013] Figure 7 is a flow chart illustrating an embodiment of a method for measuring
glucose, according to an exemplary embodiment described and illustrated herein.

[0014] Figure 8 is a flow chart illustrating an embodiment of a method for recognizing
patterns and providing warning messages to a user who is on basal insulin therapy,
according to an exemplary embodiment described and illustrated herein.

[0015] Figure 9 is a flow chart illustrating an embodiment of a method for increasing or
decreasing an amount of insulin for basal therapy, according to an exemplary
embodiment described and illustrated herein.

[0016] Figure 10 illustrates flow chart illustrating another embodiment of a method for
increasing or decreasing an amount of insulin for basal therapy, according to an
exemplary embodiment described and illustrated herein.

[0017] Figure 11 illustrates screen shot of the user interface for the method of Figure 10,

according to an exemplary embodiment described and illustrated herein.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0018] 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 exemplary embodiments and are not

intended to limit the scope of the invention. The detailed description illustrates by way of
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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 invention, including
what is presently believed to be the best mode of carrying out the invention.

[0019] As used herein, the terms “about” or “approximately” for any numerical values or
ranges indicate a suitable dimensional tolerance that allows the part or collection 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 embodiment.

[0020] Embodiments described and illustrated herein provide an analyte (e.g., blood
glucose) measurement and management device and associated methods that simplify
training and guide a patient regarding how to adjust basal insulin therapy. Such methods
also notify a user when there is a potential problem and when to contact a doctor.
Embodiments of the analyte measurement and management device and system are also
beneficial to care providers (for example, physicians) by gathering, organizing and storing
information that provides insight into how effective a patient is in following a prescribed
analyte management regimen.

[0021] In one embodiment, a health care provider (“HCP”) may prescribe that a patient
take a basal insulin dose on a recurring basis (e.g., before bedtime every day). Basal
insulin can refer to background insulin needed to account for regular and continuous
glucose metabolism. Typically, a basal insulin dose refers to the injection of a long lasting
or intermediate lasting insulin type. If the patient’s glucose concentration value is hypo
or hyperglycemic, the HCP can recommend that the basal insulin dose be decreased or
increased. However, applicant believes that the method for determining exactly how
much to increase or decrease a basal insulin dose for a particular time can be difficult to

convey to a lay user. To further compound this issue, a user who mistakenly increases an
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insulin dose by too much can cause serious physiological harm. Determining whether to
increase or decrease an insulin basal dose can be based on a sufficient number of fasting
glucose concentration values that are hypoglycemic or hyperglycemic. Further, the
amount of the increment or decrement can be based on the magnitude of the
hypoglycemic or hyperglycemic measurements.

[0022] Figure 1 illustrates a diabetes management system that includes an analyte
measurement and management device 10, therapeutic dosing devices (28 and 48), and
data/communication devices (68, 26, and 70). Analyte measurement and management
device 10 can be configured to wirelessly communicate with a handheld glucose-insulin
data management unit or DMU such as, for example, an insulin pen 28, an insulin pump
48, a mobile phone 68or through a combination of the exemplary handheld glucose-
insulin data management unit devices in communication with a personal computer 26 or
network server 70, as described herein. As used herein, the nomenclature “DMU”
represents either individual unit 10, 28, 48, 68, separately or all of the handheld glucose-
insulin data management units (28, 48, 68) usable together in a disease management
system. Further, the analyte measurement and management device or DMU 10 is
intended to include a glucose meter, a meter, an analyte measurement device, an insulin
delivery device or a combination of or an analyte testing and drug delivery device.

[0023] DMU 10 can include a housing 11, user interface buttons (16, 18, and 20), a
display 14, a strip port 22, and a data port 13, as illustrated in Figure 1. User interface
buttons (16, 18, and 20) can be configured to allow the entry of data, navigation of
menus, and execution of commands. Specifically, user interface buttons (16, 18, and 20)
include a first user interface button 16, a second user interface button 18, and a third
user interface button 20. User interface buttons (16, 18, and 20) include a first marking
17, a second marking 19, and a third marking 21, respectively, which allow a user to
navigate through the user interface. Data entered can include values representative of

analyte concentration, or in the context of the analyte concentration values coupled with
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information, which are related to the everyday lifestyle of an individual. Information,
which is related to the everyday lifestyle, can include food intake, medication use,
occurrence of health check-ups, and general health condition and exercise levels of an
individual coupled to or “tagged” with the analyte concentration value of the user at
specific time of the day or week.

[0024] The electronic components of DMU 10 can be disposed on a circuit board 34 that
is within housing 11. Figures 2 and 3 illustrate the electronic components disposed on a
top surface and a bottom surface of circuit board 34, respectively. On the top surface,
the electronic components include a strip port 22 configured to receive a test strip
connector portion of test strip 24, an operational amplifier circuit 35, a microcontroller
38, a display connector 14a, a non-volatile memory 40, a clock 42, and a first wireless
module 46. On the bottom surface, the electronic components include a battery
connector 44a and a data port 13. Microcontroller 38 can be electrically connected to
strip port 22, operational amplifier circuit 35, first wireless module 46, display 14, non-
volatile memory 40, clock 42, battery connector 344a, data port 13, and user interface
buttons (16, 18, and 20).

[0025] Operational amplifier circuit 35 can be two or more operational amplifiers
configured to provide a portion of the potentiostat function and the current
measurement function. The potentiostat function can refer to the application of a test
voltage between at least two electrodes of a test strip. The current function can refer to
the measurement of a test current resulting from the applied test voltage. The current
measurement may be performed with a current-to-voltage converter. Microcontroller 38
can be in the form of a mixed signal microprocessor (MSP) such as, for example, the Texas
Instrument MSP 430. The MSP 430 can be configured to also perform a portion of the
potentiostat function and the current measurement function. In addition, the MSP 430

can also include volatile and non-volatile memory. In another embodiment, many of the
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electronic components can be integrated with the microcontroller in the form of an
application specific integrated circuit (ASIC).

[0026] Strip port 22 can be configured to form an electrical connection to the test strip.
Display connector 14a can be configured to attach to display 14. Display 14 can be in the
form of a liquid crystal display for reporting measured glucose levels, and for facilitating
entry of lifestyle related information and for manipulation of graphical data, pictorial
results and motion video. Display 14 can optionally include a backlight. Data port 13 can
accept a suitable connector attached to a connecting lead, thereby allowing DMU 10 to
be linked to an external device such as a personal computer. Data port 13 can be any
port that allows for transmission of data such as, for example, a serial, USB, or a parallel
port. Clock 42 can be configured for measuring time and be in the form of an oscillating
crystal. Battery connector 44a can be configured to be electrically connected to a power
supply.

[0027] In one embodiment, test strip 24 can be in the form of an electrochemical glucose
test strip. Test strip 24 can include one or more working electrodes and a counter
electrode. Test strip 24 can also include a plurality of electrical contact pads, where each
electrode is in electrical communication with at least one electrical contact pad. Strip port
22 can be configured to electrically interface to the electrical contact pads and form
electrical communication with the electrodes of test strip 24. Test strip 24 can include a
reagent layer that is disposed over at least one electrode. The reagent layer can include
an enzyme and a mediator. Exemplary enzymes suitable for use in the reagent layer
include glucose oxidase, glucose dehydrogenase (with pyrroloquinoline quinone co-
factor, “PQQ”"), and glucose dehydrogenase (with flavin adenine dinucleotide co-factor,
“FAD”). An exemplary mediator suitable for use in the reagent layer includes
ferricyanide, which in this case is in the oxidized form. The reagent layer can be
configured to physically transform glucose into an enzymatic by-product and in the

process generate an amount of reduced mediator (e.g., ferrocyanide) that is proportional



WO 2011/008520 PCT/US2010/040309

to the glucose concentration value. The working electrode can then measure a
concentration of the reduced mediator in the form of a current. In turn, DMU 10 can
convert the current magnitude into a glucose concentration value.

[0028] Referring back to Figure 1, insulin pen 28 can include a housing, preferably
elongated and of sufficient size to be handled by a human hand comfortably. The device
28 is provided with electronic module 30 to record dosage amounts delivered by the user.
The device 28 may include a second wireless module 32 disposed in the housing that,
automatically without prompting from a user, transmits a signal to first wireless module
46 (See Figures 1 and 2) of the DMU 10. The wireless signal can include, in an exemplary
embodiment, data to (a) type of therapeutic agent delivered; (b) amount of therapeutic
agent delivered to the user; or (c) time or date of therapeutic agent delivered.

[0029] In one embodiment, a therapeutic delivery device can be in the form of a “user-
activated” therapeutic delivery device, which requires a manual interaction between the
device and a user (for example, by a user pushing a button on the device) to initiate a
single therapeutic agent delivery event and that in the absence of such manual
interaction deliver no therapeutic agent to the user. A non-limiting example of such a
user-activated therapeutic agent delivery device is described in co-pending U.S.
Provisional Application No. 61/040,024 (Attorney Docket No. LFS-5180); 61/051,258
(Attorney Docket No. LFS-5183USPSP); 61/082,106 (Attorney Docket No. LFS-5186) and
entitled Analyte Measurement and Management Device and Associated Methods, and
61/089,343 (Attorney Docket No. DDI-5176USPSP), which is hereby incorporated in whole
by reference. Another non-limiting example of such a user-activated therapeutic agent
delivery device is an insulin pen 28. Insulin pens are loaded with a vial or cartridge of
insulin, and are attached to a disposable needle. Portions of the insulin pen can be
reusable, or the insulin pen can be completely disposable. Insulin pens are commercially
available from companies such as Novo Nordisk, Aventis, and Eli Lilly, and can be used

with a variety of insulin, such as Novolog, Humalog, Levemir, and Lantus. U.S. Patent
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Application Publication No. 2005/0182358 illustrates a drug delivery device for use in
conjunction with a protocol from a health care provider. U.S. Patent Application
Publication No. 2005/0182358 is hereby incorporated by reference into this application.

[0030] Referring to Figure 1, a therapeutic dosing device can also be a pump 48 that
includes a housing 50, a backlight button 52, an up button 54, a cartridge cap 56, a bolus
button 58, a down button 60, a battery cap 62, an OK button 64, and a display 66. Pump
48 can be configured to dispense medication such as, for example, insulin for regulating
glucose levels.

[0031] Referring to Figure 4, pump 48 includes the following functional components that
are a display (DIS) 66, navigational buttons (NAV) 72, a reservoir (RES) 74, an infrared
communication port (IR) 76, a radio frequency module (RF) 78, a battery (BAT) 80, an
alarm module (AL) 82, and a microprocessor (MP) 84. Note that navigational buttons 72
can include up button 54, down button 60, and ok button 64.

[0032] Figure 5 illustrates a user interface 1001 that provides basal insulin therapy in one
of the DMUs, exemplarily shown here as a DMU 10. In one embodiment, programs and
methods for conducting user interface 1001 can be stored on non-volatile memory 40 of
DMU 10. Steps and instructions of user interface 1001 can be displayed on display 14 of
DMU 10. Basal insulin therapy can calculate and/or adjust the amount of a
recommended basal insulin dose. In another embodiment, a recommended basal insulin
dose can be conveyed to an insulin pen either manually by the user or wirelessly from the
DMU 10 to the pen 28.

[0033] In user interface 1001, a user can select a particular function or sub-routine such
as activate basal insulin adjustment 600 (Fig. 6) or perform a glucose test 700 (Fig. 7), i.e.,
collecting data representative of a plurality of fasting blood glucose concentration values
as measured by the test sensor of the handheld glucose-insulin data management unit.
When performing glucose test 700, the following sub-routines can also be performed

which include safeguards against hypoglycemia 800 (Fig. 8), which performs safeguards

10
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against hypoglycemia of the user prior to any change in basal insulin dose in adjustment
900 (Fig. 9) based on the plurality of data. Basal insulin adjustment 900 may be
represented by either embodiment 900A or 900B (See Figures 9 and 10). Note if the

basal insulin adjustment is not activated, then steps 800 and 900 cannot be performed.
Activation of the basal insulin adjustment 600 allows a HCP, a diabetes educator, or a user
to configure the setup settings and also allows the glucose meter to perform steps 800
and 900. Safeguards against hypoglycemia 800 can identify patterns such as a sufficiently
low frequency of fasting glucose measurements, and a significant number of low glucose
readings, either of which can cause a warning message to be outputted and/or a
prohibition of the basal insulin adjustment 900. Thus, upon completion of the safeguard
800, a recommendation can be provided that may include one of no change in the current
basal insulin dose, an increase or decrease in the current basal insulin dose as a function
of at least three consecutive fasting glucose concentration values from the plurality of
fasting blood glucose concentration values.

[0034] Applicants believe that the implementation of the method 900 on a glucose meter
will simplify the process of adjusting basal insulin doses. However, applicant also believes
that a HCP or diabetes educator should train the user beforehand so that the method can
be properly set up on the meter. In one embodiment, the DMU will have method 900 on
a memory portion of the meter that can be executed by a microprocessor. A HCP or
diabetes educator can activate method 900 on the meter by inputting a special code to
unlock this feature on the meter. Alternatively, a user may unlock the meter after being
given the code from a HCP or diabetes educator. The following will describe a method
600 for activating the basal insulin adjustment.

[0035] Figure 6 is a flow chart illustrating an embodiment of a method 600 for activating
and setting up a basal insulin adjustment. A user, HCP, or diabetes educator can select a
basal insulin setup from a menu, as shown in step 604. If the basal insulin setup has not

yet been activated, an activation code must be entered, as shown in step 606. In one

11
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embodiment, the activation code can be a four digit number that can be inputted into the
meter when the user has been sufficiently trained. In one embodiment, the HCP or
diabetes educator may activate the basal insulin adjustment by inputting the code into
the DMU directly or through a personal computer connected to the DMU via the Internet.
In another embodiment, the DMU may be activated by inserting a chip, dongle, electronic
key, or non-electronic key. After entering the code, the following information can be
inputted into the meter such as insulin type (step 608), starting insulin dose amount (step
610), maximum allowable insulin dose amount (step 612), a first and second insulin dose
increment amount (step 614 and 616), and an insulin dose decrement (617). After the
settings have been set, the settings can be outputted on the meter screen so that it can
be reviewed for correctness, as shown in step 618.

[0036] The following provides details regarding the inputs for setting up the basal insulin
adjustment. Referring to step 608, an insulin type may be Lantus, NPH, Detemir, or pre-
mixed. Referring to step 610, a starting insulin dose may range from about 10 units to
about 60 units. Referring to step 612, a maximum allowable insulin dose amount may
range from about 50 units to about 100 units. Referring to steps 614 and 616, first insulin
increment may range from about one to about four units and a second insulin increment
may range from about two units to about eight units. Referring to step 616, a first insulin
decrement may range from about zero to about ten units.

[0037] Figure 7 is a flow chart illustrating an embodiment of a method 700 to measure
blood glucose of a patient or user. A patient or user can initiate a glucose test by
selecting a glucose test from main menu 1000 of by inserting a glucose test strip 24 into
DMU 10, as shown in step 702. Next, the user can perform a glucose test by applying
blood to the test strip, as shown in step 704. After a testing period, a glucose result can
be displayed on the DMU, as shown in step 706. Next, the user can flag the test as
conducted during a period in which user has not eaten in the last 6-8 hours, referred to

here as “fasting” blood glucose, or conducted while not fasting, as shown in step 708. In

12
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the preferred method, a plurality of blood glucose concentration value of the user with
the analyte test sensor over a plurality of time periods is measured and data
representative of the plurality of fasting blood glucose concentration value with the
handheld diabetes data management unit are collected. Next, safeguards against
hypoglycemia 800 can be performed using data including the current glucose
measurement and previous measurements.

[0038] Applicant believes that safeguards should be implemented for the process of
adjusting a user’s basal insulin dose to guard against hypoglycemia of the user. As shown
in Figure 8, a method 800 can be used to recognize particular patterns that cause a user
to not receive a recommended basal dosage amount of insulin (i.e., deactivation or
prohibition). If a user misses a sufficient number of fasting glucose test or has a sufficient
number of low glucose concentration values, then the meter may not output a
recommended basal insulin dose and may optionally deactivate or prohibit basal insulin
adjustment 900 (Fig. 9). Note that a user can miss a sufficient number of fasting glucose
tests by either not testing or by not flagging the glucose measurement as fasting. Hence,
from the collected data it is ascertained as to whether the user has conducted a minimum
number fasting blood glucose concentration measurements within at least one of four
prescribed time periods.

[0039] Referring again to Figure 8, the data management unit can determine whether the
collected data indicate one of a first low blood glucose concentration pattern (step 818)
and a second low blood glucose concentration pattern (step 824) lower than the first low
blood glucose concentration pattern. In particular, after a glucose test is performed, the
meter can perform a series of queries such as whether a user missed two or more fasting
glucose tests in the last four days (step 804), whether a fasting glucose test was missed
yesterday (step 806), whether the fasting glucose concentration values were within target
for three consecutive days (step 812), whether the fasting glucose concentration value

was between a first low value and the low threshold for four consecutive days (step 816),

13
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and whether the fasting glucose concentration value results were below the first low
value for two consecutive days (step 820).

[0040] Note that the first low value can be a glucose concentration of about 50 mg/dL or
less. Although steps 816 and 820 refer to a fasting glucose concentration, in one
embodiment, method 800 can use any glucose concentration (i.e., fasting and non-
fasting) such as, for example, glucose concentrations measured pre-meal, post-meal,
before bedtime, before or after breakfast, before or after lunch, before or after dinner,
and before or after exercise.

[0041] Referring back to steps 816 and 820, consecutive days can include a first day
having a first glucose measurement and a second day having a second glucose
measurement where the first and second glucose measurements were measured such
that two measurements are apart by at least more than a first time interval. In an
embodiment, the first time interval is greater than about two hours. By requiring a
minimum amount of time between the glucose concentration measurements, pattern
recognition safeguards 800 will not prematurely deactivate the insulin algorithm. For
example, if two glucose measurements were performed on 11:45 pm on day one and at
12:01 am (six minutes later) on the following day, method 800 would not characterize
those two glucose measurements as being on consecutive days.

[0042] Note that the meter preferably saves date, time, and flag type with each glucose
measurement to a memory portion, which allows a microprocessor to perform the above
gueries (804, 806, 812, 816, and 820). That is, upon determination of at least one of the
first and second low blood glucose concentration patterns (step 818 or 824) of the user,
safety notifications are displayed on the display screen of the handheld diabetes data
management unit. In particular, if the queries (804, 806, 812, 816, and 820) are all
negative, then the DMU 10 can output a suggested basal insulin dose using basal insulin
adjustment 900. However, if one of the queries (804, 806, 812, 816, and 820) is in the

affirmative, then the DMU 10 may output a notification and may recommend that the
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user contact a HCP or diabetes educator. In another embodiment, the DMU 10 may
output a warning, deactivate or prohibit basal insulin adjustment 900 if the maximum
insulin dose is used, the frequency of insulin adjustments is too high, or the glucose
concentration values are sufficiently hypoglycemic for a period of time.

[0043] The following will describe the messages provided to the user when one of the
gueries (804, 806, 812, 816, and 820) is in the affirmative. If two or more fasting glucose
tests in the last four days were missed (804), then the DMU 10 can output a notice of
non-compliance in testing and recommend contacting a HCP, as shown in step 808. Note
that query 804 can be modified by a HCP or user to change the number of fasting glucose
measurements required and the number of days used for the query. If a fasting glucose
test was missed yesterday (806), then the DMU 10 can output a notification of a missed
fasting glucose test and recommend that the user test in the morning before breakfast, as
shown in step 810. If the fasting glucose concentration values were within target for
three consecutive days (12), then the DMU 10 can output a congratulatory message that
the user reached the fasting glucose concentration value target, as shown in step 814. If
the fasting glucose concentration value was between 50 mg/dL and the low threshold for
four consecutive days (816), then the DMU 10 can output a notification of too many low
measurements and recommend that the user contact a HCP, as shown in step 818. If the
fasting glucose concentration value results were below 50 mg/dL for two consecutive
days (820), then the DMU 10 can output a notification of very low glucose concentration
values and recommend that the user contact a HCP as soon as possible, as shown in step
824. Optionally, basal insulin adjustment 900 can be deactivated in step 826 after either
the occurrence of step 818 or 824.

[0044] Figure 9 is a flow chart illustrating an embodiment of a first method 900A for
increasing or decreasing an amount of insulin for basal therapy. In one embodiment, a
user can initially be prescribed a relatively low basal insulin dose of about 10 units, which

should be taken every evening or before going to bed. Typically, a user will have to
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uptitrate to about 40 units to about 55 units to receive the benefit of basal insulin
therapy where the fasting glucose levels are essentially in the euglycemic zone and the
HbA1c levels are also in a targeted zone.

[0045] Once safeguards against hypoglycemia 800 have been performed, the DMU 10 can
then determine whether the glucose concentration value is below a low threshold, as
shown in step 910. The low threshold may range from about 60 mg/dL to about 100
mg/dL, or preferably be about 70 mg/dL. Note also that step 910 can be modified by a
HCP or a user to require that, instead of only one glucose measurement, two to three
consecutive glucose measurements must be less than the low threshold. If the fasting
glucose concentration value is less than the low threshold, the DMU 10 can output the
current basal insulin dose on a display of the DMU 10, as shown in step 912. Once the
user confirms the current basal insulin dose, the DMU 10 can decrease the insulin dose by
a first decrement, such as, for example, about four units, as shown in step 914.

[0046] If the glucose concentration value is not below a low threshold, then the DMU 10
will determine whether the last three fasting glucose measurements were greater than a
high threshold, as shown in step 916. In one embodiment, a summary screen may be
displayed immediately before or after step 916 where the last three fasting glucose
measurement values are displayed on display 14 and the lowest value is highlighted. The
high threshold may range from about 100 mg/dL to about 140 mg/dL, or preferably be
about 130 mg/dL. If the fasting glucose concentration value is less than the high
threshold, then no recommendation to change the current insulin dose will be made, as
shown in step 918. If the glucose concentration value is greater than the high threshold,
the DMU 10 can output the current basal insulin dose on a display of the DMU 10, as
shown in step 920. Once the user confirms the current basal insulin dose, the DMU 10
can determine whether the last three fasting glucose measurements were greater than
an upper threshold, as shown in step 922. The upper threshold may range from about

160 mg/dL to about 200 mg/dL, or preferably be about 180 mg/dL. Note that the upper
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threshold is greater than the high threshold. Note also that steps 916 and 922 can be
modified by a HCP or a user to require that a different frequency of consecutive fasting
glucose measurements be within a certain range over a different period of days. The
DMU 10 can recommend a new insulin dose that is increased by a first increment (e.g.,
about about two units) where the last 3 consecutive fasting glucose concentration values
are less than the upper threshold, but greater than the high threshold, as shown in step
924. Alternatively, the DMU 10 can recommend a new insulin dose that is increased by a
second increment (e.g., about four units) where the last three consecutive fasting glucose
concentration values are greater than the upper threshold, as shown in step 326. In one
embodiment, a basal insulin dose can be taken in the evening before going to bed.

[0047] Figure 10 is a flow chart illustrating another embodiment of a second method
900B for increasing or decreasing an amount of insulin for basal therapy, which method
900B can be used in place of method 900A or in conjunction thereto. As was before, once
safeguards against hypoglycemia 800 have been performed, the DMU 10 can then
determine whether there are at least three fasting glucose measurements in memory 40,
as shown in step 928. If there are at least three fasting glucose concentration values, the
DMU 10 can output a recommendation to not change the current insulin dose, as shown
in step 930. However, if there are at least three fasting three fasting glucose
concentration values, then the DMU 10 can display the last three fasting glucose
concentration values on display 14 where a lowest glucose concentration value of the
three is highlighted, as shown in step 932 and a screenshot of Figure 11.

[0048] The DMU 10 can then determine whether the lowest value of the three glucose
concentration values is below a low threshold, as shown in step 934. If the lowest fasting
glucose concentration value is less than the low threshold, the DMU 10 can output a
decrease of the insulin dose by a first decrement, such as, for example, about four units,

as shown in step 936. However, if the lowest value is not below a low threshold, then the
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DMU 10 will determine whether the lowest value is greater than the high threshold and
less than the upper threshold, as shown in step 938.

[0049] The DMU 10 can recommend a new insulin dose that is increased by a first
increment (e.g., about two units) where the lowest value is greater than the high
threshold, but less than the upper threshold, as shown in step 940. Alternatively, the
DMU 10 can determine whether the lowest value is greater than the upper threshold, as
shown in step 942. If the lowest value is greater than the upper threshold, then the DMU
10 can recommend a new insulin dose that is increased by a second increment (e.g.,
about four units), as shown in step 944. If the lowest value is not greater than the upper
threshold, then the DMU 10 can recommend no change to the current insulin dose, as
shown in step 946.

[0050] In one embodiment, method 1001 can be used to output a recommended basal
insulin dose that is adjusted based on previous fasting glucose measurements. The
recommended dose information can be transferred from first wireless transceiver 46 of
DMU 10 to second wireless transceiver of insulin pen 28. A dosage selector of insulin pen
28 can be automatically adjusted to the recommended dose so that a user merely has to
press a button on insulin pen 28 to input the recommended amount. When the user
presses the button on insulin pen 28, this can cause a signal to be transmitted to DMU 10
so that the time, date, and dosage amount can be recorded to a memory portion of the
DMU.

[0051] Referring to Figure 1, personal computer 26 can be used to communicate with
DMU 10 and insulin pen 28. In one example, computer 26 can also be connected via a
mobile network to device 10 or 28. Alternatively, the computer 26 can be connected for
communication via a short-range wireless network such as, for example, infrared,
Bluetooth or WiFi. In the system shown exemplarily, computer 26 can be located
remotely in a diabetes clinic or hospital so that certain therapeutic protocols, which have

been customized for a particular diabetic user’s physiological requirements, can be
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transferred to such a user remotely. For example, setting up of basal insulin therapy on
DMU 10 can be performed remotely using computer 26. More specifically, steps in Figure
3 such as selecting insulin type 208, starting insulin dose 210, maximum insulin dose 212,
insulin dose increment and decrement can be set remotely using computer 26.
Connecting analyte measurement device 10 with a local or remote computer can
facilitate improved treatment by health care providers.

[0052] In order for the basal insulin therapy of method 1001 to be effective, the user
should have a relatively high compliance in performing fasting glucose measurements and
also in flagging such measurements as fasting. Accordingly, a predictive process can be
implemented on DMU 10 to increase user compliance in flagging fasting glucose
measurement as fasting. The following will describe a predictive process that can be
implemented for recommending a type of flag before or after outputting a glucose result
in step 706 of Figure 7. Once a fasting flag is recommended, the user will have the option
of accepting the recommended flag or rejecting it. Applicants believe that by
recommending a correct flag at a high percentage of the time will cause users to flag
measurements with a higher degree of compliance because only one button needs to be
pressed to accept the recommendation.

[0053] In one embodiment, a fasting flag can be recommended based on the time, the
day, and/or past user testing patterns. For example, if a user had selected the “fasting”
flag at 7 am multiple times, then the meter will suggest that the same “fasting” flag for
the next reading performed at around 7 am. In one embodiment, the predictive process
may require that at least “n” glucose readings be performed during the same time period
with a fasting flag. The minimum number of glucose readings having a matching flag
during a particular time interval can be adjusted by the user or health care provider. For
example, the sub-routine can require that three of the last five glucose readings for a
particular time period have the fasting flag. A time period can be defined as a two hour

period, but optionally can be adjusted by the user or health care provider. Once a user is
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presented with a recommended fasting flag, the user has the option to override the
suggestion or accept it.

[0054] In another embodiment, a fasting flag can be recommended if the test is the first
test of the day. A microprocessor and clock of the DMU 10 can determine the first time in
which it is turned on. In another embodiment, a fasting flag can be recommended based
on a user inputted meal time schedule. Before performing a glucose test, the user may
use the user interface of DMU 10 to input the meal time schedule. Alternatively, a
default meal time schedule can be saved to a memory portion of the meter at the factory.
If the glucose test is performed before a first meal of the day, then the fasting flag can be
recommended. In another embodiment, a fasting flag can be recommended if the
glucose test is the first test of the day and is in the morning such as, for example,
between 6 am to 10 am. A morning time interval can be defined by the user or be a
default setting set when the meter is manufactured.

[0055] As noted earlier, the microprocessor can be programmed to generally carry out
the steps of various processes described herein. The microprocessor can be part of a
particular device, such as, for example, a glucose meter, an insulin pen, an insulin pump, a
server, a mobile phone, personal computer, or mobile hand held device. Furthermore,
the various methods described herein can be used to generate software codes using off-
the-shelf software development tools such as, for example, C, C+, C++, C-Sharp, Visual
Studio 6.0, Windows 2000 Server, and SQL Server 2000. The methods, however, may be
transformed into other software languages depending on the requirements and the
availability of new software languages for coding the methods. Additionally, the various
methods described, once transformed into suitable software codes, may be embodied in
any computer-readable storage medium that, when executed by a suitable
microprocessor or computer, are operable to carry out the steps described in these

methods along with any other necessary steps.
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[0056] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are
provided by way of example only. For example, the invention can be applied not only to
docking stations and glucose meters, but can also be applied to any electronic device that
needs a power supply and that can be re-set such as insulin infusion pump, continuous
glucose monitoring system and the like. Numerous variations, changes, and substitutions
will now occur to those skilled in the art without departing from the invention. Various
alternatives to the embodiments of the invention described herein may be employed in
practicing the invention. It is intended that the following claims define the scope of the
invention and that methods and structures within the scope of these claims and their

equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A method for management of diabetes of a user with a handheld diabetes data
management unit having an analyte test sensor, a processor coupled to a memory and display
screen, the method comprising:

measuring a plurality of blood glucose concentration value of the user with the analyte
test sensor over a plurality of time periods;

collecting data representative of the plurality of fasting blood glucose concentration value
with the handheld diabetes data management unit;

ascertaining from the collected data whether the user has conducted a minimum number
of fasting blood glucose concentration measurements within at least one of four prescribed time
periods;

determining whether the collected data indicate one of a first low blood glucose
concentration pattern and a second low blood glucose concentration pattern lower than the first
low blood glucose concentration pattern; and

upon determination of at least one of the first and second low blood glucose
concentration patterns of the user, displaying safety notifications on the display screen of the

handheld diabetes data management unit.

2. The method of claim 1, further comprising prohibiting basal insulin adjustment in one of
the insulin delivery device and handheld diabetes data management unit whenever either one of

the first or second low blood glucose concentration pattern is determined.

3. The method of claim 1, further comprising evaluating whether basal insulin adjustment in
the handheld diabetes data management unit is appropriate in the event that glucose

concentration value results for two consecutive days are below a first low value.

4, The method of claim 1, further comprising evaluating whether basal insulin adjustment in
the handheld diabetes data management unit is appropriate in the event that glucose
concentration value results for four consecutive days are each between about a low threshold

and about a first low value.
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5. The method of claim 3 or claim 4, in which consecutive days include a first day having a
first glucose measurement and a second day having a second glucose measurement, where the

two glucose measurements are apart by at least more than a first time interval.

6. The method of claim 3 or claim 4, in which the glucose concentration value results

comprise fasting glucose value results.

7. The method of claim 5, in which the first time interval is greater than about two hours.

8. The method of claim 1, in which the ascertaining comprises determining whether the
fasting blood glucose concentration values of the user are within predetermined target for a
predetermined period of time.

9. The method of claim 8, in which the predetermined period comprises approximately
three consecutive days.

10. The method of claim 1, in which the ascertaining comprises determining whether the user

has missed at least two fasting blood glucose tests in the first time period.

11. The method of claim 10, in which the determining comprises notifying the user, in the
event that the user: (a) has missed at least two fasting blood glucose tests during the first time
period, (b) is not compliant with testing, or (c) is to continue with prescribed insulin dosage; and

recommending that the user contacts a health care provider.

12. The method of claim 1, in which the ascertaining comprises determining whether the user

has missed a one day prior fasting glucose test.
13. The method of claim 3, in which the determining comprises recommending insulin dosage

that is decreased by a first decrement where a prior last glucose concentration value is less than
a first low threshold.
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14. The method of claim 3, in which the determining comprises recommending no changes to
a current insulin dose stored in the memory of the handheld diabetes data management unit in
the event that all three prior consecutive fasting blood glucose concentration values are not
higher than a high threshold; and

recommending, in the event that all three prior consecutive fasting blood glucose
concentration values are greater than an upper threshold, an increase in insulin by a first

increment, otherwise recommending an increase in insulin by a second increment.

15. The method of claim 3, in which the evaluating comprises determining whether there are
at least three fasting blood glucose measurements stored in the handheld diabetes data
management unit and if true, recommending no changes to current insulin dose otherwise
displaying last three blood glucose concentration values with a lowest of the three values
highlighted.

16. The method of claim 15, in which the determining comprises deciding whether the lowest
value is less than a predetermined low threshold and if true then displaying a new insulin dose
having a value less than a current insulin dose stored in the memory of the handheld diabetes

data management unit by a decreased value.

17. The method of claim 16, in which the decreased value comprises about 4 units.

18. The method of claim 15, in which the determining comprises deciding whether the lowest
value is greater than a predetermined high threshold and less than a predetermined upper
threshold and if true displaying a new insulin dose having an increased value greater than a

current insulin dose stored in the memory of the handheld diabetes data management unit.

19. The method of claim 18, in which the increased value comprises about 2 units.

20. The method of claim 15 in which the determining comprises deciding whether the lowest
value is greater than a predetermined upper threshold value and if true, displaying a new insulin

dose having an increased value greater than a current insulin dose stored in the memory of the

handheld diabetes data management unit.
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21. The method of claim 20, in which the increased value comprises about 4 units.

22. The method of claim 1, further comprising

flagging a recent glucose concentration value as a fasting measurement;

displaying a recommended insulin dosage that is increased by a first increment where the
last three glucose concentration value are all greater than a high threshold but less than an
upper threshold;

displaying a recommended insulin dosage that is increased by a second increment where
the last three glucose concentration value are all greater than an upper threshold;

deactivating the basal adjustment algorithm where the user misses two or more fasting
glucose measurements over a four day period;

providing a warning message where the user misses a fasting glucose measurement
yesterday; or

deactivating the basal adjustment algorithm where four consecutive fasting glucose

concentration values are less than 50 mg/dL.

23. A method to safeguard basal insulin dose changes with a handheld diabetes data
management unit having a test sensor, a processor coupled to a memory and display, the
method comprising:

collecting data representative of a plurality of fasting blood glucose concentration values
as measured by the test sensor of the handheld diabetes data management unit;

performing safeguards against hypoglycemia of the user prior to any change in basal
insulin dosage based on the plurality of data; and

upon completion of the safeguards, recommending one of no change in the current basal
insulin dose, an increase or decrease in the current basal insulin dose as a function of at least
three consecutive fasting glucose concentration values from the plurality of fasting blood glucose

concentration values.
24, The method of claim 23, further comprising

prohibiting basal insulin adjustment in one of the insulin delivery device and handheld

diabetes data management unit ascertaining from the collected data whether the user has
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conducted a minimum number fasting blood glucose measurements within at least one of two
prescribed time periods;

determining whether the collected data indicates one of a first low blood glucose
concentration pattern and a second low blood glucose concentration pattern; and

upon determination of at least one of the first and second low blood glucose
concentration patterns of the user, displaying respective safety notifications on the display
screen of the handheld diabetes data management unit.

25. The method of claim 24, in which the determining comprises recommending insulin
dosage that is decreased by a first decrement where a prior last glucose concentration value is
less than a first low threshold;

recommending no changes to a current insulin dose stored in the memory of the
handheld diabetes data management unit in the event that all three prior consecutive fasting
blood glucose concentration values are not higher than a high threshold; and

in the event that all three prior consecutive fasting blood glucose concentration values
are greater than a upper threshold, recommending an increase in insulin by a first increment

otherwise recommending an increase in insulin by a second increment.

26.  The method of claim 23, in which the recommending comprises

determining whether there are at least three fasting blood glucose measurements stored
in the handheld diabetes data management unit and if true, recommending no changes to
current insulin dose otherwise displaying last three blood glucose concentration values with a
lowest of the three values highlighted; and

deciding whether the lowest value is less than a predetermined low threshold and if true
then displaying a new insulin dose having a value less than a current insulin dose stored in the

memory of the handheld diabetes data management unit by a decreased value.

27. The method of claim 26, in which the decreased value comprises about 4 units.

28. The method of claim 23, in which the recommending comprises deciding whether the

lowest value is greater than a predetermined low threshold and less than a predetermined upper
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threshold and if true displaying a new insulin dose having an increased value greater than a

current insulin dose stored in the memory of the handheld diabetes data management unit.

29. The method of claim 28, in which the increased value comprises about 2 units.

30. The method of claim 23, in which the recommending comprises deciding whether the
lowest value is greater than a predetermined upper threshold value and if true, displaying a new
insulin dose having an increased value greater than a current insulin dose stored in the memory

of the handheld diabetes data management unit.

31. The method of claim 30, in which the increased value comprises about 4 units.
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