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ABSTRACT

The present embodiments harness a wide variety of capabili-
ties of modern smartphones, and combine these capabilities
with information from a continuous glucose monitor to pro-
vide diabetics and related people with more information than
the continuous glucose monitor can provide by itself. The
increased information provides the diabetic with an increased
likelihood of good diabetes management for better health.
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SYSTEMS AND METHODS FOR
LEVERAGING SMARTPHONE FEATURES IN
CONTINUOUS GLUCOSE MONITORING

INCORPORATION BY REFERENCE TO
RELATED APPLICATIONS

[0001] Any and all priority claims identified in the Appli-
cation Data Sheet, or any correction thereto, are hereby incor-
porated by reference under 37 CFR 1.57. This application is
a continuation of U.S. application Ser. No. 13/801,445, filed
on Mar. 13, 2013, which claims the benefit of U.S. Provi-
sional Application No. 61/669,574, filed on Jul. 9, 2012, the
disclosure of which is hereby expressly incorporated by ref-
erence in its entirety and is hereby expressly made a portion of
this application.

TECHNICAL FIELD

[0002] The present embodiments relate to continuous glu-
cose monitoring, including enhancing such monitoring by
leveraging features of smartphones, tablet computers, etc.

BACKGROUND

[0003] Diabetes mellitus is a disorder in which the pancreas
cannot create sufficient insulin (Type I or insulin dependent)
and/or in which insulin is not effective (Type 2 or non-insulin
dependent). In the diabetic state, the victim suffers from high
blood sugar, which can cause an array of physiological
derangements associated with the deterioration of small
blood vessels, for example, kidney failure, skin ulcers, or
bleeding into the vitreous of the eye. A hypoglycemic reac-
tion (low blood sugar) can be induced by an inadvertent
overdose of insulin, or after a normal dose of insulin or
glucose-lowering agent accompanied by extraordinary exer-
cise or insufficient food intake.

[0004] Conventionally, a person with diabetes carries a
self-monitoring blood glucose (SMBG) monitor, which typi-
cally requires uncomfortable finger pricks to obtain blood
samples for measurement. Due to the lack of comfort and
convenience associated with finger pricks, a person with dia-
betes normally only measures his or her glucose levels two to
four times per day. Unfortunately, time intervals between
measurements can be spread far enough apart that the person
with diabetes finds out too late of a hyperglycemic or
hypoglycemic condition, sometimes incurring dangerous
side effects. It is not only unlikely that a person with diabetes
will take a timely SMBG value, it is also likely that he or she
will not know if his or her blood glucose value is going up
(higher) or down (lower) based on conventional methods.
Diabetics thus may be inhibited from making educated insu-
lin therapy decisions.

[0005] Another device that some diabetics use to monitor
their blood glucose is a continuous analyte sensor. A continu-
ous analyte sensor typically includes a sensor that is placed
subcutaneously, transdermally (e.g., transcutaneously), or
intravascularly. The sensor measures the concentration of a
given analyte within the body, and generates a raw signal that
is transmitted to electronics associated with the sensor. The
raw signal is converted into an output value that is displayed
on adisplay. The output value that results from the conversion
of'the raw signal is typically expressed in a form that provides
the user with meaningful information, such as blood glucose
expressed in mg/dL..
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SUMMARY

[0006] The various embodiments of the present systems
and methods for leveraging smartphone features in continu-
ous glucose monitoring have several features, no single one of
which is solely responsible for their desirable attributes.
Without limiting the scope of the present embodiments as
expressed by the claims that follow, their more prominent
features now will be discussed briefly. After considering this
discussion, and particularly after reading the section entitled
“Detailed Description,” one will understand how the features
of'the present embodiments provide the advantages described
herein.

[0007] While the various embodiments are described with
reference to example combinations of features and/or con-
cepts, it should be understood that the features and concepts
described herein may be combinable in other ways not spe-
cifically described. For example, the various embodiments
are described in the paragraphs below in terms of various
aspects. A feature or concept appearing in reference to one of
these aspects may be combined with features and concepts
described in reference to any other aspect.

[0008] One aspect of the present embodiments includes the
realization that data from a continuous analyte sensor, by
itself, may not be sufficient to inform every decision that
diabetics must make to manage their blood glucose. Another
aspect of the present embodiments includes the realization
that smartphones, tablet computers and other similar devices
include many features that could be leveraged to provide
diabetics with more information that would help them better
manage their blood glucose. Accordingly, certain of the
present embodiments provide an application that can be
executed by a smartphone, tablet computer, or other similar
device, that receives as inputs both sensor data and data from
one or more other applications executed by the device, and
that processes the combined data to provide an output that is
more informative than an output that can be produced with
sensor data alone.

[0009] Ina first aspect, a machine-executed method of con-
tinuous analyte monitoring is provided, the method compris-
ing: receiving a first input from a module executed by an
electronic device; receiving a second input from a continuous
analyte monitoring device; processing the first and second
inputs; and producing an output. In an embodiment of the first
aspect, the first input is received from a timekeeping/sched-
uling module associated with the electronic device. In an
embodiment of the first aspect, the processing comprises
synchronizing a continuous analyte monitoring (CAM) mod-
ule executed by the electronic device with the timekeeping/
scheduling module. In an embodiment of the first aspect, the
output is a change in an operating mode of the electronic
device. In an embodiment of the first aspect, the operating
mode is a vibrate mode or a silent mode. In an embodiment of
the first aspect, the output is a change in an operating mode of
the CAM module. In an embodiment of the first aspect, the
processing comprises analyzing a user’s blood glucose data.
In an embodiment of the first aspect, the output is to schedule
an event on the timekeeping/scheduling module. In an
embodiment of the first aspect, the event is insertion of a new
continuous analyte sensor, to eat, or to exercise. In an embodi-
ment of the first aspect, the output is a recommendation. In an
embodiment of the first aspect, the recommendation is a
therapy, to schedule a doctor’s appointment, to call a care-
taker, to send data to a caretaker, to send data to a doctor, to eat
ameal, to exercise, to replace a sensor, to calibrate a sensor, to
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check blood glucose, to upload or sync data to a cloud com-
puting system. In an embodiment of the first aspect, the rec-
ommendation is provided to the user, a caretaker, a parent, a
guardian, or a healthcare professional. In an embodiment of
the first aspect, the recommendation is provided via screen
prompt, text message, email message, or social network post-
ing. In an embodiment of the first aspect, the output is a
prompt to the user. In an embodiment of the first aspect, the
prompt is an indication of when a next calibration is due, to
check blood glucose, to schedule a doctor’s appointment, to
send data to a caretaker, to display in-case-of-emergency
contact information, a time to next calibration, or a time to
replace a sensor. In an embodiment of the first aspect, the first
input is received from a personal contacts module. In an
embodiment of the first aspect, the processing comprises
analyzing a user’s blood glucose data. In an embodiment of
the first aspect, the personal contacts module includes a list of
personal contacts stored on the electronic device or remotely.
In an embodiment of the first aspect, the output is a display of
emergency contact information on a display of the electronic
device. In an embodiment of the first aspect, the personal
contacts module includes an online social network. In an
embodiment of the first aspect, the output is a posting to the
online social network. In an embodiment of the first aspect,
the first input is received from an audio module. In an embodi-
ment of the first aspect, the processing comprises correlating
an effect of a given song on a user’s blood glucose level. In an
embodiment of the first aspect, the output is data stored for
later retrospective viewing, or an input to a cloud computing
system. In an embodiment of the first aspect, the first input is
received from an activity monitor. In an embodiment of the
first aspect, the processing comprises correlating an effect of
auser’s physical activity on his or her blood glucose level. In
an embodiment of the first aspect, the physical activity is
sleeping, light exercise, moderate exercise, intense exercise,
waking sedentary activity, driving, or flying. In an embodi-
ment of the first aspect, the output is a pattern of how the
physical activity affects the user’s blood glucose level. In an
embodiment of the first aspect, the output is a warning of a
low blood glucose level while the user is engaged in certain
activities that might amplify a level of danger associated with
the low blood glucose level, wherein the warning is distinct
from a standard alert or alarm typically issued when the user
is not engaged one of'the certain activities. In an embodiment
of the first aspect, the output is a warning of a low blood
glucose level while the user is engaged in certain activities
that might amplify a level of danger associated with the low
blood glucose level, wherein the warning is provided at a
different blood glucose threshold than a threshold that would
trigger an alert when the user is not engaged one of the certain
activities. In an embodiment of the first aspect, the outputis a
warning to a user that sensor data may not be accurate because
of'the user’s surroundings or activity. In an embodiment of the
first aspect, the output is used as an input to a blood glucose
profile, an alarm algorithm, an insulin algorithm, an interac-
tion log. In an embodiment of the first aspect, the output to the
alarm algorithm is to provide a stronger alarm when the user
is sleeping. In an embodiment of the first aspect, the first input
is received from an image capture module. In an embodiment
of the first aspect, the first input is information about food
consumed. In an embodiment of the first aspect, the process-
ing comprises correlating the information about food con-
sumed with a user’s blood glucose level. In an embodiment of
the first aspect, the output is data stored for later retrospective
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viewing, or an input to a cloud computing system. In an
embodiment of the first aspect, the first input is information
about an activity engaged in. In an embodiment of the first
aspect, the processing comprises correlating the information
about food consumed with a user’s blood glucose level. In an
embodiment of the first aspect, the output is data stored for
later retrospective viewing, or an input to a cloud computing
system. In an embodiment of the first aspect, the first input is
a blood glucose meter value. In an embodiment of the first
aspect, the blood glucose meter value is based on a photo
taken of a blood glucose meter. In an embodiment of the first
aspect, the output is calibrated sensor data. In an embodiment
of'the first aspect, the first input is a location of a sensor of the
continuous analyte monitoring device positioned on a user’s
body. In an embodiment of the first aspect, the processing
comprises correlating a quality of data obtained during a
sensor session with the sensor’s location on the body. In an
embodiment of the first aspect, the first input is a location on
auser’s body where at least one previous insulin injection was
made. In an embodiment of the first aspect, the first input is
information about food to be consumed. In an embodiment of
the first aspect, the first input is an estimate of a quantity of
carbohydrates in the food. In an embodiment of the first
aspect, the output is a recommended therapy, such as an
insulin dosage, a recommendation not to eat the food, or a
recommendation to eat only a fraction of the food. In an
embodiment of the first aspect, the output is an estimate of a
user’s future blood glucose level if the food is consumed. In
an embodiment of the first aspect, the first input is indicative
of a user’s location. In an embodiment of the first aspect, a
location module provides the first input based on information
received from a global positioning system (GPS) receiver. In
an embodiment of the first aspect, the processing comprises
determining that the user’s blood glucose is low, and obtain-
ing information on nearby locations where food can be
obtained. In an embodiment of the first aspect, the output is
the information on nearby locations where food can be
obtained. In an embodiment of the first aspect, the processing
comprises evaluating restaurants in a predetermined area and
ranking those restaurants based on diabetic considerations. In
an embodiment of the first aspect, the output is a recommen-
dation on where to eat. In an embodiment of the first aspect,
the processing comprises comparing blood glucose data and
location data against threshold values. In an embodiment of
the first aspect, the threshold values are a predetermined
blood glucose level indicating a hypoglycemic event, and a
distance from the user’s home. In an embodiment of the first
aspect, when the threshold values are met, the output is a
warning that is distinct from a standard alert or alarm. In an
embodiment of the first aspect, the processing comprises
comparing a battery level of a CAM and location data against
threshold values. In an embodiment of the first aspect, the
output is a warning when the battery level is below a first one
of' the threshold values, and the user’s location is greater than
a second one of the threshold values. In an embodiment of the
first aspect, the processing comprises correlating a user’s
location and his or her blood glucose level. In an embodiment
of the first aspect, the first input is indicative of a user’s
motion. In an embodiment of the first aspect, the processing
comprises determining that the user is driving or riding in a
vehicle, and correlating that determination an eftect thereof
on his or her blood glucose level.

[0010] Inasecond aspect, a system for continuous analyte
monitoring is provided, the system comprising: a computing
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device; a continuous analyte monitoring (CAM) module
executed by the computing device; an auxiliary interface
executed by the computing device; and a CAM; wherein the
CAM module is configured to receive a first input from the
auxiliary interface, receive a second input from the CAM,
process the first and second inputs, and produce an output. In
an embodiment of the second aspect, the first input is received
from a timekeeping/scheduling module associated with the
electronic device. In an embodiment of the second aspect, the
processing comprises synchronizing the CAM module with
the timekeeping/scheduling module. In an embodiment of the
second aspect, the output is a change in an operating mode of
the electronic device. In an embodiment of the second aspect,
the operating mode is a vibrate mode or a silent mode. In an
embodiment of the second aspect, the output is a change in an
operating mode of the CAM module. In an embodiment of the
second aspect, the processing comprises analyzing a user’s
blood glucose data. In an embodiment of the second aspect,
the output is to schedule an event on the timekeeping/sched-
uling module. In an embodiment of the second aspect, the
event is insertion of a new continuous analyte sensor, to eat, or
to exercise. In an embodiment of the second aspect, the output
is arecommendation. In an embodiment of the second aspect,
the recommendation is a therapy, to schedule a doctor’s
appointment, to call a caretaker, to send data to a caretaker, to
send data to a doctor, to eat a meal, to exercise, to replace a
sensor, to calibrate a sensor, to check blood glucose, to upload
or sync data to a cloud computing system. In an embodiment
of the second aspect, the recommendation is provided to the
user, a caretaker, a parent, a guardian, or a healthcare profes-
sional. In an embodiment of the second aspect, the recom-
mendation is provided via screen prompt, text message, email
message, or social network posting. In an embodiment of the
second aspect, the output is a prompt to the user. In an
embodiment of the second aspect, the prompt is an indication
of when a next calibration is due, to check blood glucose, to
schedule a doctor’s appointment, to send data to a caretaker,
to display in-case-of-emergency contact information, a time
to next calibration, or a time to replace a sensor. In an embodi-
ment of the second aspect, the first input is received from a
personal contacts module. In an embodiment of the second
aspect, the processing comprises analyzing a user’s blood
glucose data. In an embodiment of the second aspect, the
personal contacts module includes a list of personal contacts
stored on the electronic device or remotely. In an embodiment
of the second aspect, the output is a display of emergency
contact information on a display of the electronic device. In
an embodiment of the second aspect, the personal contacts
module includes an online social network. In an embodiment
of the second aspect, the output is a posting to the online
social network. In an embodiment of the second aspect, the
first input is received from an audio module. In an embodi-
ment of the second aspect, the processing comprises corre-
lating an effect of a given song on auser’s blood glucose level.
In an embodiment of the second aspect, the output is data
stored for later retrospective viewing, or an input to a cloud
computing system. In an embodiment of the second aspect,
the first input is received from an activity monitor. In an
embodiment of the second aspect, the processing comprises
correlating an effect of a user’s physical activity on his or her
blood glucose level. In an embodiment of the second aspect,
the physical activity is sleeping, light exercise, moderate
exercise, intense exercise, waking sedentary activity, driving,
flying. In an embodiment of the second aspect, the outputis a
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pattern of how the physical activity affects the user’s blood
glucose level. In an embodiment of the second aspect, the
output is a warning of a low blood glucose level while the user
is engaged in certain activities that might amplify a level of
danger associated with the low blood glucose level, wherein
the warning is distinct from a standard alert or alarm typically
issued when the user is not engaged one of the certain activi-
ties. In an embodiment of the second aspect, the output is a
warning of a low blood glucose level while the user is
engaged in certain activities that might amplify a level of
danger associated with the low blood glucose level, wherein
the warning is provided at a different blood glucose threshold
than a threshold that would trigger an alert when the user is
not engaged one of the certain activities. In an embodiment of
the second aspect, the output is a warning to a user that sensor
data may not be accurate because of the user’s surroundings
or activity. In an embodiment of the second aspect, the output
is used as an input to a blood glucose profile, an alarm algo-
rithm, an insulin algorithm, an interaction log. In an embodi-
ment of the second aspect, the output to the alarm algorithm
is to provide a stronger alarm when the user is sleeping. In an
embodiment of the second aspect, the first input is received
from an image capture module. In an embodiment of the
second aspect, the first input is information about food con-
sumed. In an embodiment of the second aspect, the process-
ing comprises correlating the information about food con-
sumed with a user’s blood glucose level. In an embodiment of
the second aspect, the output is data stored for later retrospec-
tive viewing, or an input to a cloud computing system. In an
embodiment of the second aspect, the first input is informa-
tion about an activity engaged in. In an embodiment of the
second aspect, the processing comprises correlating the infor-
mation about food consumed with a user’s blood glucose
level. In an embodiment of the second aspect, the output is
data stored for later retrospective viewing, or an input to a
cloud computing system. In an embodiment of the second
aspect, the first input is a blood glucose meter value. In an
embodiment of the second aspect, the blood glucose meter
value is based on a photo taken of a blood glucose meter. In an
embodiment of the second aspect, the output is calibrated
sensor data. In an embodiment of the second aspect, the first
input is a location of a sensor of the continuous analyte
monitoring device positioned on a user’s body. In an embodi-
ment of the second aspect, the processing comprises corre-
lating a quality of data obtained during a sensor session with
the sensor’s location on the body. In an embodiment of the
second aspect, the first input is a location on a user’s body
where at least one previous insulin injection was made. In an
embodiment of the second aspect, the first input is informa-
tion about food to be consumed. In an embodiment of the
second aspect, the first input is an estimate of a quantity of
carbohydrates in the food. In an embodiment of the second
aspect, the output is a recommended therapy, such as an
insulin dosage, a recommendation not to eat the food, or a
recommendation to eat only a fraction of the food. In an
embodiment of the second aspect, the output is an estimate of
auser’s future blood glucose level if the food is consumed. In
an embodiment of the second aspect, the first input is indica-
tive of a user’s location. In an embodiment of the second
aspect, a location module provides the first input based on
information received from a global positioning system (GPS)
receiver. In an embodiment of the second aspect, the process-
ing comprises determining that the user’s blood glucose is
low, and obtaining information on nearby locations where
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food can be obtained. In an embodiment of the second aspect,
the output is the information on nearby locations where food
can be obtained. In an embodiment of the second aspect, the
processing comprises evaluating restaurants in a predeter-
mined area and ranking those restaurants based on diabetic
considerations. In an embodiment of the second aspect, the
output is a recommendation on where to eat. In an embodi-
ment of the second aspect, the processing comprises compar-
ing blood glucose data and location data against threshold
values. In an embodiment of the second aspect, the threshold
values are a predetermined blood glucose level indicating a
hypoglycemic event, and a distance from the user’s home. In
an embodiment of the second aspect, when the threshold
values are met, the output is a warning that is distinct from a
standard alert or alarm. In an embodiment of the second
aspect, the processing comprises comparing a battery level of
a CAM and location data against threshold values. In an
embodiment of the second aspect, the output is a warning
when the battery level is below a first one of the threshold
values, and the user’s location is greater than a second one of
the threshold values. In an embodiment of the second aspect,
the processing comprises correlating a user’s location and his
or her blood glucose level. In an embodiment of the second
aspect, the first input is indicative of a user’s motion. In an
embodiment of the second aspect, the processing comprises
determining that the user is driving or riding in a vehicle, and
correlating that determination an effect thereof on his or her
blood glucose level.

[0011] In a third aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving a first input from an activity
monitor executed by an electronic device, wherein the activ-
ity monitor provides information regarding the activity;
receiving a second input from a continuous analyte monitor-
ing (CAM) device, wherein the CAM device measures a
concentration of an analyte within the host and outputs a
value that represents the host’s blood glucose level; process-
ing the first and second inputs, wherein correlations or
impacts of the activity on the host’s blood glucose level are
determined to associate the host’s blood glucose level with
the activity; and producing an output associated with the
activity responsive to the determined associations. In an
embodiment of the third aspect, the first and second inputs
comprise applying one or more algorithms to two streams of
input, including algorithms useful for correlating data and/or
recognizing patterns. In an embodiment of the third aspect,
the output is data that is stored locally or remotely for retro-
spective analysis. In an embodiment of the third aspect, the
activities include exercising and sleeping.

[0012] In a fourth aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: optionally receiving a first input from a
timekeeping/scheduling module executed by an electronic
device, the first input including information about an upcom-
ing event; receiving a second input from a continuous analyte
monitoring (CAM) device including analyte concentration
data of the host; processing the first and second inputs by
analyzing an event or an operational mode associated with
either of the timekeeping/scheduling module or the CAM
device; and producing an output by synchronizing the event
or the operational mode of at least one of the timekeeping/
scheduling module and the CAM device with the other of the
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timekeeping/scheduling module and the CAM device. In an
embodiment of the fourth aspect, the output is to the time-
keeping/scheduling module to schedule an event. In an
embodiment of the fourth aspect, the event is to eat, to obtain
a reference glucose value, or to inject insulin. In an embodi-
ment of the fourth aspect, the wherein the output is sent to a
user, a caretaker, a parent, a guardian, or a healthcare profes-
sional. In an embodiment of the fourth aspect, the output is a
recommendation provided via screen prompt, text message,
e-mail message, or a post to a social network.

[0013] In a fifth aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving a first input from an image
capture module executed by an electronic device, the first
input providing information about at least one of a location,
an activity, or a food; receiving a second input from a con-
tinuous analyte monitoring (CAM) device including analyte
concentration data of the host; processing the first and second
inputs by correlating information associated with the first
input with the analyte concentration data of the host; and
outputting information associated with the first input. In an
embodiment of the fifth aspect, the second input is an esti-
mated glucose value at a time substantially corresponding to
a time when the photograph was taken. In an embodiment of
the fifth aspect, the output is data that is stored in a first
location and referenced for algorithmic processing, wherein
the algorithm runs a correlation analysis or pattern recogni-
tion. In an embodiment of the fifth aspect, the first input is a
photograph of a display of a blood glucose meter.

[0014] In a sixth aspect, a method of placing a sensor of a
continuous analyte monitor (CAM) on a host is provided, the
method comprising: receiving a first input from an image
capture module executed by an electronic device, wherein the
first input is an image of the host’s body; processing the first
input by referencing one or more stored locations on the body
where the sensor was previously placed; and producing an
output including a recommendation of a new location on the
body where the sensor should be placed.

[0015] In a seventh aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving a first input from a contacts
module executed by an electronic device, the first input
including at least contact information for one or more third
parties; receiving a second input from a continuous analyte
monitoring (CAM) device including analyte concentration
data of the host; processing the first and second inputs by
determining that the analyte concentration data should be
shared with the one or more third parties; and outputting the
analyte concentration data to the one or more third parties. In
an embodiment of the seventh aspect, the first input is a name
and contact information for an emergency contact. In an
embodiment of the seventh aspect, the second input is an
estimated glucose value (EGV). In an embodiment of the
seventh aspect, the processing comprises comparing the EGV
to a threshold value. In an embodiment of the seventh aspect,
the output is to display the name and contact information for
the emergency contact on a display.

[0016] In an eighth aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving a first input from a location
module executed by an electronic device, wherein the first
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input is a location of the user; receiving a second input from
a continuous analyte monitoring (CAM) device including
analyte concentration data of the host; processing the firstand
second inputs by comparing the location against a first crite-
rion and comparing the analyte concentration data to a second
criterion; and outputting an alarm if the first and second
criteria are met. In an embodiment of the eighth aspect, the
second input is an estimated glucose value (EGV).

[0017] In a ninth aspect, a machine-executed method of
continuous analyte monitoring for a host to adaptively adjust
the alarm sounds, tunes, songs, pitches and/or levels of an
alert based on the analysis of or correlation to good glucose
control is provided, the method comprising: triggering a first
type of alert associated with a condition of the host based on
analyte concentration data from a continuous analyte moni-
toring (CAM) device, wherein the alert comprise an alarm
sound, tune, song, pitch and/or level; receiving input from the
CAM device including analyte concentration data of the host
indicative of the host’s analyte response to the first type of
alert; analyzing a correlation between the first type of alert
and the input from the CAM device responsive to the first type
of alert to determine a level of glucose control achieved
responsive to the alert; and adaptively adjusting an alarm
sound, tune, song, pitch and/or level of the first type of
responsive to analysis.

[0018] In a tenth aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving a first input from a continuous
analyte monitor (CAM) device including analyte concentra-
tion data of the host; receiving or determining an expected
maximum value and an expected minimum value of blood
glucose from a blood glucose meter; receiving a second input
from a blood glucose meter of a blood glucose value of the
host; processing the second input by comparing it to the
expected maximum value and the expected minimum value;
and producing an output of an alert to obtain a new blood
glucose value when the second input is outside a range
defined by the expected maximum value and the expected
minimum value.

[0019] In an eleventh aspect, a machine-executed method
of continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving a first input including informa-
tion about one or more foods to be consumed by the host;
receiving a second input from a continuous analyte monitor-
ing (CAM) device including analyte concentration data of the
host; processing the first and second inputs by applying one or
more algorithms to the first and second inputs to determine
recommendation predicted effect of the one or more foods to
the analyte concentration in the host; and producing an output
of the insulin dosage recommendation to compensate for the
predicted effect of the one or more foods. In an embodiment
of the eleventh aspect, wherein the first input is information
about food recently consumed or to be consumed in the near
future. In an embodiment of the eleventh aspect, the second
input is an estimated glucose value (EGV). In an embodiment
of the eleventh aspect, the output is to a display of an elec-
tronic device. In an embodiment of the eleventh aspect, the
information about the one or more foods comprises an esti-
mated time of ingestion and an amount of carbohydrates to be
ingested. In an embodiment of the eleventh aspect, the infor-
mation about the one or more foods is derived from the image
capture module.
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[0020] In a twelfth aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving an estimated glucose value
(EGV) and upper and lower boundaries for a next blood
glucose (BG) value from a continuous glucose monitor
(CGM); storing the upper and lower boundaries for the next
BG value; receiving the next BG value; processing the next
BG value by comparing it with the upper and lower bound-
aries for the next BG value; and producing an output in the
form of a request for another BG value if the next BG value is
outside the upper and lower boundaries for the next BG value.
In an embodiment of the twelfth aspect, the processing com-
prises comparing the next BG value to the upper and lower
boundaries for the next BG value.

[0021] In a thirteenth aspect, a machine-executed method
of continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving an input from an alert module
executed by a general purpose electronic device, the general
purpose electronic device comprising a continuous analyte
monitor (CAM) module, wherein the input is a notification of
one or more alerts, settings, modes and/or profiles associated
with the general purpose electronic device; synchronizing
one or more alerts, settings, modes and/or profile of the CAM
module responsive to the notification;

[0022] In a fourteenth aspect, a machine-executed method
of continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: displaying a blood glucose trend graph
on a display of an electronic device; receiving an input of at
least one location on the trend graph; processing the input by
determining a value of the host’s blood glucose at the at least
one location; and producing an output of the value on the
display. In an embodiment of the fourteenth aspect, the input
is locations of two points on the trend graph where a user has
placed his or her fingers. In an embodiment of the fourteenth
aspect, the processing comprises determining values of blood
glucose at the two points. In an embodiment of the fourteenth
aspect, the output is a value of a difference between blood
glucose values at the two points. In an embodiment of the
fourteenth aspect, the output is a value of a rate of change of
blood glucose between the two points. In an embodiment of
the fourteenth aspect, the output is shown on the display. In an
embodiment of the fourteenth aspect, the blood glucose trend
graph comprises a macro trend graph that displays the user’s
blood glucose data for a given length of time, and a micro
trend graph that displays the user’s blood glucose data for a
segment of the time shown on the macro trend graph. In an
embodiment of the fourteenth aspect, a movable bar on the
macro trend graph highlights the segment of the time on the
macro trend graph that is displayed on the micro trend graph.
In an embodiment of the fourteenth aspect, the bar is movable
to selectany desired window of time on the macro trend graph
to be displayed on the micro trend graph. In an embodiment of
the fourteenth aspect, a width of the bar is adjustable to adjust
a length of time displayed on the micro trend graph. In an
embodiment of the fourteenth aspect, the width of the bar is
adjustable by selecting one of a plurality of time select icons.
In an embodiment of the fourteenth aspect, if a scale of the
macro trend graph is changed by a given factor, values of the
time select icons change by a corresponding factor.

[0023] In afifteenth aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
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agement of the host’s blood glucose level is provided, the
method comprising: detecting that a new operating system
has been installed on an electronic device; querying a remote
server to inquire whether a module executed by the electronic
device is compatible with the new operating system; and
producing an output. In an embodiment of the fifteenth
aspect, the output is to continue operating the module. In an
embodiment of the fourteenth aspect, the output is to shut-
down the module.

[0024] Inasixteenth aspect, a machine-executed method of
continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: changing a pairing of an electronic
device from a first transmitter associated with a first analyte
sensor to a second transmitter associated with a second ana-
lyte sensor; querying a remote server for data associated with
the second transmitter; and displaying the data associated
with the second transmitter on a display of the electronic
device.

[0025] Inaseventeenth aspect, a machine-executed method
of continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving an input of an action taken or
about to be taken; receiving a second input from a continuous
analyte monitoring (CAM) device including analyte concen-
tration data of the host; processing the first and second inputs
by determining what impact the action will have on the host’s
blood glucose level; and producing an output of a prediction
of'the host’s blood glucose level at a specified future time. In
an embodiment of the seventeenth aspect, the output is shown
on a display.

[0026] Inaneighteenth aspect, a machine-executed method
of continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: a module executed by an electronic
device associated with a first user receiving an input of glu-
cose data for a second user; processing the input by preparing
it for display on a display of the electronic device; and pro-
ducing an output by displaying information associated with
the input on the display. In an embodiment of the eighteenth
aspect, the input is a screen shot. In an embodiment of the
eighteenth aspect, the screen shot is displayed in a manner
such that it is unlikely the first user will mistake the data for
his own.

[0027] In a nineteenth aspect, a machine-executed method
of continuous analyte monitoring for a host to facilitate man-
agement of the host’s blood glucose level is provided, the
method comprising: receiving an input of a number of sensors
associated with a continuous analyte monitoring (CAM)
device; receiving an input each time one of the sensors is
used; processing the inputs by deducting one from a count of
the number of sensors each time one of the sensors is initiated
and comparing the count to a threshold value; and producing
an output by ordering more sensors when the count drops
below the threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The various embodiments of the present systems
and methods for leveraging smartphone features in continu-
ous glucose monitoring now will be discussed in detail with
an emphasis on highlighting the advantageous features.
These embodiments depict the novel and non-obvious sys-
tems and methods shown in the accompanying drawings,
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which are for illustrative purposes only. These drawings
include the following figures, in which like numerals indicate
like parts:

[0029] FIG. 1 is a schematic view of a continuous analyte
sensor system attached to a host and communicating with a
plurality of example devices;

[0030] FIG. 2 is a functional block diagram of one embodi-
ment of a system for leveraging smartphone features in con-
tinuous glucose monitoring;

[0031] FIG. 2A is a representation of a graphical user inter-
face configured for use with the present embodiments;
[0032] FIG. 3 is a flowchart illustrating one embodiment of
a method for leveraging smartphone features in continuous
glucose monitoring;

[0033] FIG. 3A illustrates one example of an output that the
present embodiments may produce, in the form of a historical
glucose trend graph displayed on a smartphone;

[0034] FIG. 4 is a flowchart illustrating another embodi-
ment of a method for leveraging smartphone features in con-
tinuous glucose monitoring;

[0035] FIG. 5 is a flowchart illustrating another embodi-
ment of a method for leveraging smartphone features in con-
tinuous glucose monitoring;

[0036] FIG. 6 is a flowchart illustrating another embodi-
ment of a method for leveraging smartphone features in con-
tinuous glucose monitoring;

[0037] FIG. 7 is a flowchart illustrating another embodi-
ment of a method for leveraging smartphone features in con-
tinuous glucose monitoring;

[0038] FIG. 8 is a screenshot of a smartphone display illus-
trating one embodiment of emergency information that
enables a bystander to assist a diabetic who is experiencing a
hypoglycemic event;

[0039] FIG. 9 is a flowchart illustrating another embodi-
ment of a method for leveraging smartphone features in con-
tinuous glucose monitoring;

[0040] FIG. 10 is a flowchart illustrating another embodi-
ment of a method for leveraging smartphone features in con-
tinuous glucose monitoring;

[0041] FIG. 11 is a flowchart illustrating another embodi-
ment of a method for leveraging smartphone features in con-
tinuous glucose monitoring;

[0042] FIG.11A is a flowchart and a front elevation view of
a smartphone, illustrating another embodiment of a method
for leveraging smartphone features in continuous glucose
monitoring;

[0043] FIG. 12 is a flowchart illustrating another embodi-
ment of a method for leveraging smartphone features in con-
tinuous glucose monitoring;

[0044] FIGS. 13A-13D are screenshots of a smartphone
display illustrating example embodiments of interfaces for
customizing alerts;

[0045] FIG. 14 is a screenshot of a smartphone display
illustrating one embodiment of an alert indicting that the
user’s blood glucose is dropping and will soon be in a low
range;

[0046] FIG. 15 is a screenshot of a smartphone display
illustrating one embodiment of a blood glucose trend graph;

[0047] FIG. 15A is an embodiment of a blood glucose trend
arrow;
[0048] FIG. 16 is an example of a color gradient that may be

used with certain of the present embodiments;
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[0049] FIG. 17 is a front elevation view of a smartphone,
illustrating one embodiment of displaying information to a
user; and

[0050] FIGS. 18-21 are front elevation views of various
graphical displays for indicating blood glucose levels.

DETAILED DESCRIPTION

[0051] The following detailed description describes the
present embodiments with reference to the drawings. In the
drawings, reference numbers label elements of the present
embodiments. These reference numbers are reproduced
below in connection with the discussion of the corresponding
drawing features.

[0052] Sensor System and Applicator

[0053] FIG. 1 is a schematic view of a continuous analyte
sensor system 100 attached to a host and communicating with
a number of example devices 110-113. A transcutaneous
analyte sensor system comprising an on-skin sensor assembly
100 is fastened to the skin of a host via a disposable housing
(not shown). The system includes a transcutaneous analyte
sensor 102 and a transmitter/sensor electronics unit 104 for
wirelessly transmitting analyte information to a receiver. In
alternative embodiments, the sensor may be non-invasive.
[0054] During use, a sensing portion of the sensor 102 is
under the host’s skin, and a contact portion of the sensor 102
is electrically connected to the electronics unit 104. The elec-
tronics unit 104 engages a housing (not shown), and the
sensor extends through the housing. The housing, which
maintains the assembly 100 on the skin and provides for
electrical connection of the sensor 102 to sensor electronics
provided in the electronics unit 104, is attached to an adhesive
patch fastened to the skin of the host.

[0055] Theon-skinsensor assembly 100 may be attached to
the host with an applicator (not shown) adapted to provide
convenient and secure application. Such an applicator may
also be used for attaching the electronics unit 104 to a hous-
ing, inserting the sensor 102 through the host’s skin, and/or
connecting the sensor 102 to the electronics unit 104. Once
the electronics unit 104 is engaged with the housing and the
sensor 102 has been inserted and is connected to the electron-
ics unit 104, the applicator detaches from the sensor assem-
bly.

[0056] In general, the continuous analyte sensor system
100 includes any sensor configuration that provides an output
signal indicative of a concentration of an analyte. The output
signal, which may be in the form of, for example, sensor data,
such as a raw data stream, filtered data, smoothed data, and/or
otherwise transformed sensor data, is sent to the receiver,
which is described in more detail below. In various embodi-
ments, the analyte sensor system 100 includes a transcutane-
ous glucose sensor, such as that described in U.S. Patent
Application Publication No. 2011/0027127, for example,
which is incorporated by reference herein in its entirety. In
various other embodiments, the sensor system 100 includes a
subcutaneous glucose sensor, such as that described in U.S.
Pat. No. 6,579,690 to Bonnecaze et al. or U.S. Pat. No. 6,484,
046 to Say et al., for example. In various other embodiments,
the sensor system 100 includes a continuous, refillable, sub-
cutaneous glucose sensor, such as that described in U.S. Pat.
No. 6,512,939 to Colvin et al., for example. In various other
embodiments, the sensor system 100 includes a continuous
intravascular glucose sensor, such as that described in U.S.
Pat. No. 6,477,395 to Schulman et al., or U.S. Pat. No. 6,424,
847 to Mastrototaro et al., for example. Other signal process-
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ing techniques and glucose monitoring system embodiments
suitable for use with the present embodiments are described
in U.S. Patent Application Publication Nos. 2005/0203360
and 2009/0192745, both of which are incorporated herein by
reference in their entireties.

[0057] For convenience, terms such as glucose sensor,
blood glucose (BG), estimated glucose value (EGV), etc. are
used herein for convenience. The present embodiments are
not limited, however, to measuring glucose. The sensor 102
may be configured to measure a concentration of any sub-
stance in the body of the host. Accordingly, terms such as
glucose sensor, blood glucose (BG), estimated glucose value
(EGV), etc. should not be interpreted as limiting.

[0058] In some embodiments, the sensor 102 extends
through a housing (not shown), which maintains the sensor on
the skin and provides for electrical connection of the sensor to
sensor electronics, provided in the electronics unit 104. In
various embodiments, the sensor 102 is formed from a wire.
For example, the sensor can include an elongated conductive
body, such as a bare elongated conductive core (e.g., a metal
wire) or an elongated conductive core coated with one, two,
three, four, five, or more layers of material, each of which may
or may not be conductive. The elongated sensor may be long
and thin, yet flexible and strong. For example, in some
embodiments the smallest dimension of the elongated con-
ductive body is less than about 0.1 inches, 0.075 inches, 0.05
inches, 0.025 inches, 0.01 inches, 0.004 inches, or 0.002
inches. Preferably, a membrane system is deposited over at
least a portion of electroactive surfaces of the sensor 102
(including a working electrode and optionally a reference
electrode) and provides protection of the exposed electrode
surface from the biological environment, diffusion resistance
(limitation) of the analyte if needed, a catalyst for enabling an
enzymatic reaction, limitation or blocking of interferents,
and/or hydrophilicity at the electrochemically reactive sur-
faces of the sensor interface.

[0059] In general, the membrane system includes a plural-
ity of domains, for example, an electrode domain, an inter-
ference domain, an enzyme domain (for example, including
glucose oxidase), and a resistance domain, and can include a
high oxygen solubility domain, and/or a bioprotective
domain, such as is described in more detail in U.S. Patent
Application Publication No. 2005/0245799. The membrane
system may be deposited on the exposed electroactive sur-
faces using known thin film techniques (for example, spray-
ing, electro-depositing, dipping, etc.). In various embodi-
ments, one or more domains are deposited by dipping the
sensor into a solution and drawing out the sensor at a speed
that provides the appropriate domain thickness. However, the
membrane system can be disposed over (or deposited on) the
electroactive surfaces using any known method.

[0060] In the illustrated embodiment, the electronics unit
104 is releasably attachable to the sensor 102, which together
form the on-skin sensor assembly 100. The electronics unit
104 includes electronic circuitry associated with measuring
and processing the continuous analyte sensor data, and is
configured to perform algorithms associated with processing
and calibration of the sensor data. For example, the electron-
ics unit 104 can provide various aspects of the functionality of
asensor electronics module as described in U.S. Patent Appli-
cation Publication No. 2009/0240120, which is incorporated
herein by reference in its entirety. The electronics unit 104
may include hardware, firmware, and/or software that enable
measurement of levels of the analyte via a glucose sensor,
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such as the analyte sensor 102. For example, the electronics
unit 104 can include a potentiostat, a power source for pro-
viding power to the sensor 102, other components useful for
signal processing and data storage, and preferably a telemetry
module for one- or two-way data communication between the
electronics unit 104 and one or more receivers, repeaters,
and/or display devices, such as the devices 110-113. Sensor
electronics within the electronics unit 104 can be affixed to a
printed circuit board (PCB), etc., and can take a variety of
forms. For example, the electronics can take the form of an
integrated circuit (IC), such as an application-specific inte-
grated circuit (ASIC), a microcontroller, and/or a processor.
The electronics unit 104 may include sensor electronics that
are configured to process sensor information, such as storing
data, analyzing data streams, calibrating analyte sensor data,
estimating analyte values, comparing estimated analyte val-
ues with time corresponding measured analyte values, ana-
lyzing a variation of estimated analyte values, etc. Examples
of'systems and methods for processing sensor analyte data are
described in more detail herein and in U.S. Pat. Nos. 6,931,
327, 7,310,544 and in U.S. Patent Application Publication
Nos. 2005/0043598, 2007/0032706, 2007/0016381, 2008/
0033254, 2005/0203360, 2005/0154271, 2005/0192557,
2006/0222566, 2007/0203966 and 2007/0208245, each of
which is incorporated herein by reference in its entirety.

[0061] One or more repeaters, receivers and/or display
devices, such as a key fob repeater 110, a medical device
receiver 111, a smartphone 112, a portable or tablet computer
113, etc. are operatively linked to the electronics unit 104.
The repeaters, receivers and/or display devices receive data
from the electronics unit 104, which is also referred to as the
transmitter and/or sensor electronics body herein. In some
embodiments the repeaters, receivers and/or display devices
transmit data to the electronics unit 104. For example, the
sensor data can be transmitted from the sensor electronics
unit 104 to one or more of the key fob repeater 110, the
medical device receiver 111, the smartphone 112, the por-
table or tablet computer 113, etc. Also, in some embodiments
the repeaters, receivers and/or display devices may transmit
data to one another through a wireless connection or a wired
connection.

[0062] In various embodiments, a display device includes
an input module with a quartz crystal operably connected to a
radio-frequency (RF) transceiver (not shown) that together
function to transmit, receive and synchronize data streams
from the electronics unit 104 and/or a continuous glucose
monitor (CGM). However, the input module can be config-
ured in any manner that is capable of receiving data from the
electronics unit 104/CGM. Once the data stream is received,
the input module sends it to a processor that processes the data
stream, such as described in more detail below. The processor
may be internal or external to the display device. For example,
the input module may send some or all of the data to a remote
processor, such as a processor in the cloud (described further
below). The remote processor may then send the processed
data back to the input module, or store it remotely. The pro-
cessor is the central control unit that performs the processing,
such as storing data, analyzing data streams, calibrating ana-
lyte sensor data, estimating analyte values, comparing esti-
mated analyte values with time corresponding measured ana-
lyte values, analyzing a variation of estimated analyte values,
downloading data, and controlling the user interface by pro-
viding analyte values, prompts, messages, warnings, alarms,
etc. The processor includes hardware that performs the pro-
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cessing described herein. Storage provides permanent or
semi-permanent storage of data, storing data such as a sensor
1D, a receiver 1D, and programming to process data streams
(for example, programming for performing estimation and
other algorithms described elsewhere herein). Random
access memory (RAM) stores the system’s cache memory
and is used in data processing. An output module, which may
be integral with and/or operatively connected with the pro-
cessor, includes programming for generating output based on
the data received from the electronics unit 104/CGM (and any
processing incurred in the processor).

[0063] Insomeembodiments, analyte values are displayed
on a display device. In some embodiments, prompts or mes-
sages can be displayed on the display device to convey infor-
mation to the user, such as reference outlier values, requests
for reference analyte values, therapy recommendations,
deviation of the measured analyte values from the estimated
analyte values, etc. Additionally, prompts can be displayed to
guide the user through calibration or troubleshooting of the
calibration.

[0064] Additionally, data output from the output module
can provide wired or wireless, one- or two-way communica-
tion between the receiver and an external device. The external
device can be any device that interfaces or communicates
with the receiver. In some embodiments, the external device is
a computer, and the receiver is able to download current
and/or historical data for retrospective analysis by a physi-
cian, for example. In some embodiments, the external device
is a modem, and the receiver is able to send alerts, warnings,
emergency messages, etc., via telecommunication lines to
another party, such as a doctor and/or a family member. In
some embodiments, the external device is an insulin pen or
insulin pump, and the receiver is able to communicate therapy
recommendations, such as an insulin amount and a time to the
insulin pen or insulin pump. The external device can include
other technology or medical devices, for example pacemak-
ers, implanted analyte sensor patches, other infusion devices,
telemetry devices, etc. The receiver may communicate with
the external device, and/or any number of additional external
devices, via any suitable communication protocol, including
radio frequency (RF), Bluetooth, universal serial bus (USB),
any of the wireless local area network (WLAN) communica-
tion standards, including the IEEE 802.11, 802.15, 802.20,
802.22 and other 802 communication protocols, ZigBee,
wireless (e.g., cellular) telecommunication, paging network
communication, magnetic induction, satellite data communi-
cation, GPRS, ANT, and/or a proprietary communication pro-
tocol.

DEFINITIONS
[0065] As a preliminary note, terms such as “application,”
“component,” “module,” “system,” etc., as used herein, are

used interchangeably and are intended to refer to any com-
puter-related entity, such as hardware, firmware, software, or
any combination thereof. For example, a component may be,
but is not limited to being, a process running on a processor,
aprocessor, an object, an executable, a thread of execution, a
program, and/or a computing device.

[0066] By way of illustration, both an application running
on a computing device and the computing device may be a
module. One or more modules may reside within a process
and/or thread of execution, and a module may be localized on
one computing device and/or distributed between two or
more computing devices. Also, applications may be executed



US 2014/0012118 Al

from various non-transitory computer readable media having
various data structures stored thereon. Components may
communicate via local and/or remote processes such as in
accordance with a signal having one or more data packets
(e.g., data from one component interacting with another com-
ponent in a local system, distributed system, and/or across a
network such as the Internet with other systems via the sig-
nal).

[0067] The systems and processes described below are
applicable and useful in a cloud computing environment.
Cloud computing pertains to computing capability that pro-
vides an abstraction between the computing resource and its
underlying technical architecture (e.g., servers, storage, net-
works), enabling convenient, on-demand network access to a
shared pool of configurable computing resources that can be
rapidly provisioned and released with minimal management
effort or service provider interaction. The term “cloud” is
intended to include the Internet, and cloud computing allows
shared resources, for example, software and information, to
be available on-demand.

[0068] Typical cloud computing providers deliver common
business applications online, which are accessed from
another web service or software like a web browser, while the
software and data are stored remotely on servers. The cloud
computing architecture uses a layered approach for providing
application services. A first layer is an application layer that is
executed at client computers. In this example, the application
allows a client to access storage via a cloud. After the appli-
cation layer is a cloud platform and cloud infrastructure,
followed by a server layer that includes hardware and com-
puter software designed for cloud-specific services.

[0069] System

[0070] FIG. 2 is a functional block diagram of one embodi-
ment of a system 200 for leveraging smartphone 202 features
in continuous glucose monitoring, according to the present
embodiments. The system 200 includes a smartphone 202, or
tablet computing device, or other device. The term smart-
phone 202 is used herein for convenience to illustrate the
described features. Thus, it should be understood that any
type of computing device capable of receiving one or more
inputs and producing an output can be used in place of smart-
phone 202 if suitable. Accordingly, the present embodiments
should not be interpreted as limited to any type of hardware.
[0071] The smartphone 202 includes a memory 204 and a
processor 206. The memory 204 provides the processor 206
access to data and program information that is stored in the
memory 204 at execution time. Typically, the memory 204
includes random access memory (RAM) circuits, read-only
memory (ROM), flash memory, etc., or a combination of such
devices. The processor 206 may be, or may include, one or
more programmable general-purpose or special-purpose
microprocessors 206, digital signal processors 206 (DSPs),
programmable controllers, application specific integrated cir-
cuits (ASICs), programmable logic devices (PLDs), etc., or a
combination of such hardware-based devices.

[0072] In accordance with the present embodiments, the
processor 206 executes a continuous glucose monitoring
(CGM) module 208 out of the memory 204. As used herein,
the term continuous glucose monitoring module or CGM
module should be construed broadly to include not just the
module itself, but also integrations with other diabetes man-
agement devices, including insulin delivery therapies such as
insulin pumps, insulin pens, or other drugs useful for the
treatment of diabetes. In other words, the CGM module may
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perform other functions besides monitoring blood glucose. It
could, for example, determine that a user’s blood glucose
level is high, and then transmit a signal to the user’s insulin
pump to administer a quantity of insulin to bring the user’s
blood glucose level down.

[0073] A software and/or firmware component of the CGM
module 208 is stored in storage 210 available to the smart-
phone 202, and loaded into the memory 204 at execution
time. The storage 210 may be any non-transitory computer
readable media including, but not limited to, a hard disk,
EEPROM (electrically erasable programmable read only
memory), a memory stick, or any other storage device type.
The memory 204 may contain one or more data structures 212
that the CGM module 208 accesses during execution. For
example, the CGM module 208 may receive an input and
store the input as an input parameter in a data structure 212 in
the memory 204 for later processing.

[0074] Incertain embodiments, the CGM module 208 may
be embodied as downloadable software that a user may down-
load from a remote server through a wired or wireless con-
nection. For example, the user may access the server using an
application already installed on the user’s smartphone. The
user may then download and install the CGM module 208
with the aid of the application. The user may then configure
the CGM module 208. For example, the configuration may
include setting the user’s personal preferences and/or set-
tings, such as contacts, events, modes, profiles, etc. The con-
figuration may be done manually, such as by selecting various
options from menus, or automatically. In automatic configu-
ration, the CGM module 208 reads the user’s preferences
and/or settings that are stored on the smartphone. The CGM
module 208 would first discover what other applications are
installed on the smartphone, and then access those applica-
tions’ data stored in the smartphone’s storage and/or remote
storage accessible by the smartphone 202 to initially populate
the CGM module 208 during set up.

[0075] One embodiment of manually configuring the
user’s personal preferences and/or settings may include a
profile wheel, such as the one illustrated in FIG. 2A. The
profile wheel 224 is a graphical user interface, which may be
displayed on the smartphone’s display 222 when the user
inputs a command to configure personal preferences and/or
settings. The profile wheel 224 includes an inner wheel 226
and an outer wheel 228. Both wheels 226, 228 include icons
230 that the user can select to adjust preferences and/or set-
tings. The inner wheel 226 sets the alarm type, such as silent,
vibrate, loud, etc., while the outer wheel 228 sets the profile
(day, night, meeting, exercise, etc.). By clicking on a profile
icon 230, the user can set up the active alarms within the
profile, the sounds, as well as separate thresholds for each
alarm.

[0076] FIG. 3 is a flowchart illustrating one embodiment of
a process executed by the CGM module 208. With reference
to FIGS. 2 and 3, during execution, the CGM module 208
receives at least one input 214 at block B300. A first input may
be from the CGM, which may comprise a current estimated
glucose value (EGV) for the user. A second input may be user
input. A third input may be from an auxiliary interface 216.
The auxiliary interface 216 may be any of hardware, soft-
ware, firmware, or a combination of any of these, and may
comprise anything that may be combined with EGV data and
processed to produce an output that can provide the user with
information that can help him or her make more informed
decisions about how to manage his or her blood glucose. For
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example, the auxiliary interface 216 may be a sensor, which
may be internal or external to the smartphone 202, or may be
an application executed by the smartphone 202. Examples for
the auxiliary interface 216 are described below with respect to
specific embodiments.

[0077] The CGM module 208 processes the inputs at block
B302 in conjunction with the processor 206 to produce one or
more outputs 218, 220 at block B304. The output 218 may be
to a device or receiver external to the smartphone 202 (CGM
Module Output 1, 218), or to a device internal to the smart-
phone 202 (CGM Module Output 2, 220), such as to a display
222 or storage 210. For example, the output may be to the
user’s car, to another smartphone, to 911 emergency services,
projected on a wall, to a social network application (to moni-
tor friends’ BG), a voice while exercising, to the cloud, etc.
The output may be to a trend graph 310 displayed on the
smartphone’s display 222, as shown in the example illus-
trated in FIG. 3A. Additional examples of outputs from the
CGM module 208 include data that is stored locally or
remotely for retrospective analysis, changing an operational
mode of the smartphone 202, to schedule a time to eat, or to
obtain a reference glucose value at a certain time, or to inject
a certain dose of insulin at a certain time, a recommendation,
a pattern, a reminder, a message, an immediate alert, or an
output to a timekeeping/scheduling module to schedule an
event for a later time, data written to a database for use in
making future determinations, text shown in the smart-
phone’s display 222, and/or a voice response delivered
through one or more speakers of the smartphone 202, to an
alert module with a notification to change its setting, turning
on/off and/or changing timing of certain algorithm features
and/or alarm settings, etc. Additional examples of outputs
from the CGM module 208, and how they may be used, are
described below with respect to specific embodiments.
[0078] Correlative algorithms and/or pattern recognition
algorithms may be used to process the various inputs and to
provide outputs. The algorithms may correlate and/or identify
relationships between the various inputs (e.g., EGV data and
one or more auxiliary input(s)). The auxiliary input may be an
occurrence of an action or condition, but can be a non-occur-
rence of an action or condition.

[0079] In various embodiments, the auxiliary interface 216
may comprise a sensor that senses any of sleep/brain waves,
heart rate, blood pressure, gait, weight, eye patterns, breatha-
lyzer, skin temperature, sweat, blood oxygen, retina, optical
pressure, EKG, lie detector, respiration, girth, ketone, etc.
Some analytes that may be useful to measure using auxiliary
analyte sensors include ketone bodies (e.g., acetone,
acetoacetic acid and beta hydroxybutyric acid, lactate, etc.),
glucagon, acetyl co a, triglycerides, fatty acids, intermediar-
ies in the citric acid cycle, choline, insulin, cortisol, testoster-
one, etc. The foregoing lists are not exhaustive. The auxiliary
interface 216 may comprise a sensor that senses anything,
whether listed above or not. Furthermore, the auxiliary inter-
face 216 need not be a sensor, but may instead be another type
of device, and, again, may be any of hardware, software,
firmware, or a combination of any of these.

[0080] Auxiliary Interface 216: Activity Monitor

[0081] One example of an auxiliary interface 216 that can
be used in accordance with the present embodiments is an
activity monitor. As used herein the term activity monitor
should be construed broadly to include both user input and
any device and/or instructions capable of receiving as an input
characteristics of user motion, or lack of motion, processing
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the input, and producing an output that is indicative of the
user’s current physical activity. Examples of types of activity
monitors and/or data associated with activities include, with-
out limitation, an accelerometer, a pedometer, a gyroscope, a
heart rate monitor, a location monitor, such as a GPS, personal
fitness tracker, a heat flux sensor, skin conductivity sensor,
temperature sensor, calories burned, steps taken, distance
travelled, physical activity duration, physical activity inten-
sity, time till sleep, number of times awakened during sleep,
actual sleep time, motion sensor, 3-dimensional motion sen-
sor, skin temperature sensor, skin perspiration sensor, air
temperature sensor, physical activity duration and intensity,
distance travelled sensors that measure analytes as indicators
of certain types of activity (e.g., oxygen, carbon dioxide,
lactate, testosterone, cortisol, glucagon, glycogen, insulin,
starch, free fatty acid, triglycerides, monoglycerides, glyc-
erol, pyruvate, lipids, other carbohydrates, ketone bodies,
choline) and combinations thereof.

[0082] Incertain embodiments, the CGM module 208 pro-
vides a means for indicating what impact, if any, a user’s
physical activity may have on his or her blood glucose. For
example, high levels of activity can be indicative of a greater
likelihood of hypoglycemic events and/or a high level of
adrenaline can be indicative of an increase in blood glucose
levels. Thus, certain of the present embodiments leverage
capabilities of smartphones 202 that relate to detecting physi-
cal activity, or lack thereof. Sensed characteristics of motion
are then combined with CGM data to produce an output that
provides a user with more information than a CGM reading
alone would, so that the user is better able to manage his or her
blood glucose going forward.

[0083] Invariousofthe presentembodiments, outputs from
the CGM module 208, when used in conjunction with the
activity monitor, may be used to inform: graphs, profiles,
alarm algorithms, insulin algorithms, interaction logs, a
closed loop algorithm, providing a warning to the user of low
blood glucose while engaged in certain activities, such as
driving, activity monitoring, providing a warning to the user
that sensor data may not be accurate because of surroundings
or activity, such as when flying, etc.

[0084] In various embodiments, with reference to FIG. 4,
the CGM module 208 may be used in conjunction with the
activity monitor to correlate how exercise impacts blood glu-
cose levels. In these embodiments, the activity monitor may
comprise a heart rate monitor, for example. The CGM module
208 receives as inputs at block B400 the user’s heart rate from
the activity monitor and the user’s current EGV from a CGM.
The CGM module 208 may receive substantially continuous
EGV’s from the CGM. As used herein, the terms “substan-
tially continuous,” “continuously,” etc., may refer to a data
stream of individual measurements taken at time-spaced
intervals, which may range from fractions of a second up to,
for example, 1, 2, or 5 minutes or more. The CGM module
208 processes the inputs at block B402 and produces an
output at block B404. The processing may be applying one or
more algorithms to two streams of input, for example, algo-
rithms useful for correlating data and/or recognizing patterns.
For example, the processing may be correlating the data to
match EGV’s with substantially time corresponding values of
heart rate. The output may be, for example, data that is stored
locally or remotely for retrospective analysis. The data may
include a series of matched data pairs wherein the user’s EGV
at chronological points in time is matched with substantially
time corresponding values of heart rate. The matched data
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pairs may, for example, be displayed on a graph, which can be
displayed on the smartphone display 222 or projected onto a
screen or wall using a projector built into the smartphone 202.
The user is thus able to correlate what impact, if any, exercise
has on his or her blood glucose. Additionally or alternatively,
algorithms process the activity information with the CGM
information to provide a recommendation, such as recom-
mendations for diet, exercise, therapy, supplements, etc. The
recommendations can be performed in real time on the smart
device and/or retrospectively and accessed through the cloud.
In certain embodiments, an additional input to the CGM
module may be a type of exercise that the user is engaged in,
such as cycling, running, swimming, etc. This additional
information may inform how different types of exercise affect
blood glucose.

[0085] In various other embodiments, again with reference
to FIG. 4, the CGM module 208 may be used in conjunction
with the activity monitor to detect when the user is not mov-
ing, and is thus likely to be sleeping. In these embodiments,
the activity monitor may comprise a gyroscope and/or an
accelerometer, for example. The activity monitor detects that
the user is positioned horizontally and/or not moving, and
sends a signal to the CGM module 208 indicating that the user
is likely to be sleeping. At block B400, the CGM module 208
receives the signal from the activity monitor and one or more
inputs from a CGM, which are current EGV’s. The CGM
module 208 processes the inputs at block B402 and produces
an output at block B404. The processing may be applying one
or more algorithms to two streams of input, for example,
algorithms useful for correlating data and/or recognizing pat-
terns. For example, the processing may be tracking the user’s
EGYV over time as he or she sleeps. The output may be, for
example, data that is stored locally or remotely for retrospec-
tive analysis. The data may include a plot of the user’s EGV
over time as he or she sleeps. The data may be analyzed
retrospectively to better understand optimal basal rates and/or
nighttime trends of glucose patterns. Additionally, results of
the analysis may be used to modify other aspects of the CGM
module 208 and/or smart device, such as, for example, chang-
ing timing, modes, thresholds or other settings of sounds,
alarms, alerts, rings, etc. In one example, a predetermined
level of activity can be used to determine the timing of a
calibration schedule for the CGM module 208. As another
example, a predetermined level of activity (or lack thereof)
can be used to switch a timing schedule (or turn on or off) a
low glucose suspend feature (e.g. configured to suspend a
basal or bolus delivery of glucose in an insulin delivery device
responsive to sensor data meeting a predetermined criterion)
and/or hypoglycemia/hyperglycemia minimizer algorithm
(e.g. an algorithm configured to control a user’s blood glu-
cose to a target range using an automatic insulin delivery
device). As another example, a predetermined pattern of
activity could trigger a change in predetermined alarm set-
tings from a predefined exercise setting to a different pre-
defined resting setting.

[0086] Inan alternative embodiment, the CGM module 208
may be alerted by user input to the fact that the user is
exercising. For example, an interface of the CGM module 208
may include an exercise start/stop button. When the user
begins exercising, he or she presses the exercise start button.
EGV’s input to the CGM module 208 are then processed and
outputs produced as described above with respect to the pre-
vious embodiments.
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[0087] Auxiliary Interface 216: Timekeeping/Scheduling
Module
[0088] Another example of an auxiliary interface 216 that

can be used in accordance with the present embodiments is a
timekeeping/scheduling module. As used herein the term
timekeeping/scheduling module should be construed broadly
to include any device and/or instructions capable of receiving
an input relating to time and/or scheduling, processing the
input, and producing an output relating to time and/or sched-
uling. Examples include, without limitation, a clock, a calen-
dar, etc. A calendar may store data about past, present and
future events relating to the user. This data could be stored
locally on the smartphone 202, or remotely, such as in a cloud
computing system 200.

[0089] In certain embodiments, the CGM module 208 is
integrated with other devices carried by a user, thereby elimi-
nating inconsistencies and lack of continuity between data
held by the different devices. Thus, certain of the present
embodiments leverage capabilities of smartphones 202 that
relate to timekeeping and scheduling. Inputs from the time-
keeping/scheduling module may then be combined with
CGM datato produce an output that provides a user with more
information than a CGM reading alone would, so that the user
is better able to manage his or her blood glucose going for-
ward. Additionally, by integrating the scheduling and timing
features already existing on a smartphone with various impor-
tant scheduling and timing features associated with CGM
(and insulin delivery therapies), a user’s disease management
can be synchronized to fit into the daily life of the user in a
manner that encourages compliance to best practices for their
disease management.

[0090] Invarious embodiments, the CGM module 208 may
beused in conjunction with the timekeeping/scheduling mod-
ule to synchronize the CGM module 208 with the timekeep-
ing/scheduling module so that an operational mode of the
smartphone 202 can be automatically changed in anticipation
of scheduled activities. For example, if the user has an event
scheduled where it would be embarrassing for his or her
phoneto ring, such as a business meeting, the smartphone 202
may automatically enter silent mode (or vibrate mode) for the
expected duration of the meeting. Thus, some or all CGM
alerts while in the silent mode may only be vibratory—not
auditory. In some embodiments, less severe events (e.g., mild
hyperglycemia) may cause only a vibratory alert, whereas
more sever events (e.g. sever hypoglycemia) still cause an
auditory alert. In some embodiments, a user can modify
events that have auditory alerts regardless of whether the
smartphone 202 is in silent mode. In these embodiments, the
timekeeping/scheduling module receives as an input an indi-
cation of a scheduled event, processes that input and provides
an output to the CGM module 208. The CGM module 208
receives the output from the timekeeping/scheduling module,
processes the input and produces an output. The output may
be, for example, changing an operational mode of the smart-
phone 202.

[0091] In various other embodiments, again with reference
to FIG. 5, the CGM module 208 may be used in conjunction
with the timekeeping/scheduling module to schedule events
based on blood glucose data. For example, at block B500 the
CGM module 208 may receive an input from a CGM indicat-
ing that the user’s current EGV is dropping, and an input from
the timekeeping/scheduling module of a current day and time.
The CGM module 208 processes the inputs at block B502 and
produces an output at block B504. The output may be, for
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example, to schedule a time to eat, or to obtain a reference
glucose value at a certain time, or to inject a certain dose of
insulin at a certain time. The user is thus less likely to expe-
rience a hypoglycemic event. Alternatively, the output may
be, for example, to schedule a time to insert a new analyte
sensor, or to exercise.

[0092] In various other embodiments, the CGM module
208 may be used in conjunction with the timekeeping/sched-
uling module to change an operational mode of the smart-
phone 202 and/or the CGM module 208. For example, the
CGM module 208, in combination with other input, may
determine that CGM should go into a do not disturb mode.
The CGM module 208 thus produces an output to the smart-
phone 202 to go into the same mode. Alternatively, the smart-
phone 202 goes into a do not disturb mode, which may result
from the user changing a setting of the smartphone 202 to go
into the do not disturb mode. After the smartphone 202 goes
into the do not disturb mode, the CGM module 208 automati-
cally synchronizes with the smartphone’s mode and changes
settings to match the smartphone 202. Additionally, the CGM
module 208 may be configured to read the smartphone’s
modes at start up and ask the user to determine how they want
the CGM module 208 to act during each mode (e.g., what
types of alarm sounds/vibrations, what thresholds for alert,
what delivery options for alerts, what mode for the insulin
pump (e.g., turn low glucose suspend off), etc. Another output
that the CGM module 208 may generate may be to send
information to the user’s insulin pump including CGM data
and the additional information discovered through the inte-
gration with the smartphone 202 (e.g., activity levels).

[0093] In various other embodiments, again with reference
to FIG. 5, the CGM module 208 may be used in conjunction
with both the timekeeping/scheduling module and the activ-
ity monitor. For example, at block B500 the CGM module
208 may receive one or more of an input from a GPS locator
indicating the user’s current location, an input from the time-
keeping/scheduling module indicating the current day and
time, and an input from a CGM indicating the user’s current
EGV trend. The CGM module 208 processes the inputs at
block B502 and produces an output at block B504. The output
may be, for example, a recommendation, a pattern, a
reminder, a message, etc. The output may be an immediate
alert, or an output to the timekeeping/scheduling module to
schedule an event for a later time. The recommendation may
be, for example, anything that may be more difficult to do
while away from home, that must be done while at home, that
may need more lead time when away from home, and/or
something that should be done differently when away from a
particular location, such as a therapy, to schedule a doctor’s
appointment, to call a caretaker, to send data to a caretaker, to
send data to a doctor, to eat a meal, to exercise, to replace a
sensor, to calibrate a sensor, to check blood glucose, to order
pump supplies, to change the insulin pump insertion site, to
run reports, to bring an extra sensor, to upload or synchronize
data to a cloud computing system. The recommendation may
be provided to the user, a caretaker, a parent, a guardian, or a
healthcare professional. The recommendation may be pro-
vided via screen prompt, text message, e-mail message, or a
post to a social network. For example, if a blood glucose is
low and a location is remote (away from restaurants or distant
from home), a prompt to find food may appear on the smart-
phone’s display 222.

[0094] In various other embodiments, again with reference
to FIG. 5, the CGM module 208 may be used in conjunction
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with the timekeeping/scheduling module to prompt the user
based on past events. For example, at block B500 the CGM
module 208 may receive an input from the timekeeping/
scheduling module indicating when the user last ate, when the
user last exercised, when the user last calibrated his or her
sensor, when the user last changed his or her sensor, last slept,
last saw a doctor, or when the user last checked his or her
blood glucose. The CGM module 208 processes the input at
block B502, for example an analysis of how past events
(inputs) from the timekeeping/scheduling module correlated
with the user’s blood glucose, and produces an output at block
B504, which may be, for example, a prompt to eat, a prompt
to exercise, or a prompt to calibrate or change the sensor, a
recommendation of how to change or optimize the timing,
duration and/or type of future events, or a prompt to check
blood glucose. The analysis can be based on the user’s data
alone and/or can be compared to other user’s data, for
example using comparative analysis or pattern recognition
algorithms. Alternatively, the CGM module 208 may receive
an input from a CGM. The CGM module 208 processes the
input and produces an output, which may be, for example, a
prompt to eat, to schedule a doctor’s appointment, to send
data to a caretaker, or to display 222 in-case-of-emergency
contact information. In the foregoing examples, rather than a
prompt, which may be delivered to the user immediately in
the form of an audible tone and/or a screen prompt, the output
may instead be to the timekeeping/scheduling module to
schedule an event for a later date/time.

[0095] In various other embodiments, again with reference
to FIG. 5, the CGM module 208 may be used in conjunction
with the timekeeping/scheduling module to prompt the user
based on future events. For example, at block B500 the CGM
module 208 may receive an input from the timekeeping/
scheduling module indicating that an event is drawing near.
For example, a doctor’s appointment is drawing near and the
output recommends the user run a report of the last 90 days of
CGM data. As another example, the sensor is on its last day
and a prompt to insert a new sensor may be provided. The
CGM module 208 may also receive an input from a CGM of
the user’s EVG. The CGM module 208 processes the input(s)
at block B502 and generates an output at block B504. The
output may be, for example, a recommendation. For example,
where the CGM module 208 detects a problem with the
sensor 102, a prompt to upload data to the manufacturer could
be useful in resolving the problem.

[0096] In various other embodiments, the CGM module
208 may change the user’s alert profile automatically at cer-
tain times of the day. For example, the user may have a
nighttime alert profile that is automatically activated at a
specified time of day, and deactivated at another specified
time of day. The nighttime profile may change, for example,
alert levels, sounds, etc. according to the user’s preferences,
which may be programmable. In some embodiments, the
settings associated with the timekeeping/scheduling module
and/or a settings module of the smartphone activate or de-
activate an aspect of closed loop or semi-closed loop control
of'an insulin pump or CGM algorithm. For example, during a
night time profile or do not disturb profile, the CGM module
can be configured to activate a low glucose suspend feature of
a semi-closed loop algorithm. In these embodiments, the
CGM module 208 receives as an input a current time of day
from the timekeeping/scheduling module. The CGM module
208 processes the input by comparing it to a stored time of day
when the nighttime profile is to be activated. If there is a
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match, then the CGM module 208 produces as an output a
signal to an alert module to activate the nighttime profile. A
similar process commences when the input time of day to the
CGM module 208 matches a stored time of day when the
nighttime profile is to be deactivated. In some embodiments,
the settings of the CGM module 208 are configured to be
synchronized with the settings of the smartphone, either by
default at set up or when the CGM module 208 is in use,
whereby a change in one or more of the smartphone settings
(e.g., profiles or modes) triggers a change in one or more of
the CGM module 208 settings. Alternatively, one or more of
the CGM module 208 settings (e.g., profiles or modes) are
different from the settings (profiles or modes) of the smart-
phone.

[0097] In various other embodiments, the CGM module
208 may provide a countdown to monitor the time until a next
sensor calibration is due. For example, the CGM module 208
may receive an input from the user and/or the CGM that he or
she has just calibrated the sensor 102. The CGM module 208
may process the input to determine when the next calibration
is due based on the CGM’s calibration scheme (e.g., based on
sensor insertion, time of last calibration, quality of calibra-
tion, amount of measured sensor drift, etc.), and produce an
output to the timekeeping/scheduling module to begin a
countdown. The duration of the countdown may be based on
a preprogrammed value in the CGM module 208 of a recom-
mended duration between sensor calibrations. The count-
down may be displayed on the smartphone’s display 222 so
that the user can monitor the time to the next sensor calibra-
tion.

[0098] In an alternative embodiment, the countdown
described above could be programmed by the user, rather than
apreprogrammed duration set by the CGM module 208. This
functionality enables the user to allow himself or herself a
time buffer. An example of when this functionality is useful is
when the user wants to be alerted of his or her glucose half an
hour after a meal or half an hour after an insulin bolus, in the
event that the user wants to maintain a certain glucose level
after a meal or ensure that his or her glucose is at a certain
level before commencing or continuing exercise.

[0099] Auxiliary Interface 216: Image Capture Module
[0100] Another example of an auxiliary interface 216 that
can be used in accordance with the present embodiments is an
image capture module. As used herein the term image capture
module should be construed broadly to include any device
and/or instructions capable of receiving as an input image
information, processing the image information, and produc-
ing an output based on the image. Examples include, without
limitation, a digital camera, a bar code scanner, a Quick
Response Code (QR) reader, etc.

[0101] In certain embodiments, the CGM module 208,
when performing a retrospective analysis of EGV’s, enables
the user to determine where he or she was at the time a given
EGYV was recorded, or what he or she was doing at that time,
or what food(s) he or she may have consumed at that time.
Thus, certain of the present embodiments leverage capabili-
ties of smartphones 202 that relate to image capture so that the
user can take photos of places visited, activities engaged in,
food consumed, etc., and those photos can be associated with
substantially time corresponding EGV’s to provide insight
into how certain places/activities/foods/etc. affect blood glu-
cose for real time or retrospective display and/or analysis.
[0102] In various embodiments, with reference to FIG. 6,
the CGM module 208 may be used in conjunction with the
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image capture module to take photos of places visited, activi-
ties engaged in, food consumed, etc. Those photos are then
associated with substantially time corresponding EGV’s
received from a CGM. In these embodiments, the image
capture module receives as an input image information per-
taining to a photo taken by a digital camera, which may be
built into the smartphone 202. The image capture module
processes the image information and provides an output to the
CGM module 208. At block, B600, the CGM module 208
receives the output from the image capture module and at
least one input from a CGM, which is a current EGV. The
CGM module 208 may continue to receive additional inputs
of current EGV’s from the CGM for a predetermined amount
of time after receiving the input from the image capture
module, so that further data can be output about the effect of
the place visited/activity engaged in/food consumed/etc. on
EGV over the predetermined amount of time. The CGM
module 208 processes the inputs at block B602. For example,
the data may be stored in a first location and referenced for
algorithmic processing, where the algorithm runs a correla-
tion analysis or pattern recognition. Alternatively, the pro-
cessing may comprise associating the image information with
the current EGV/EGV’s over the predetermined amount of
time. The CGM module 208 then produces an output at block
B604, which may be, for example, data that is stored locally
or remotely for retrospective analysis. The data may include
one or more images that are matched to substantially time
corresponding EGV’s or to EGV’s over the predetermined
amount oftime. The user is thus able to correlate what impact,
if any, the place visited/activity engaged in/food consumed/
etc. had on his or her blood glucose.

[0103] In various other embodiments, again with reference
to FIG. 6, the CGM module 208 may be used in conjunction
with the image capture module to take photos of food that is
about to be consumed in order to estimate how many carbo-
hydrates are in the food so that the user can be shown what
effect the food is likely to have on his or her blood glucose
and/or to estimate a dosage of insulin that should be injected
after the food is consumed. In these embodiments, the image
capture module receives as an input image information per-
taining to a photo taken by a digital camera, which may be
built into the smartphone 202. The image capture module
processes the image information and provides an output to the
CGM module 208. At block B600 the CGM module 208
receives the output from the image capture module and at
least one input from a CGM, which is a current EGV. The
CGM module 208 processes the inputs at block B602 in one
of several different ways. The processing may be applying
one or more algorithms to two inputs, for example, algorithms
useful for analyzing images and/or correlating data. For
example, if the output from the image capture module is to be
an estimate of the carbohydrates contained in the food, the
processing may comprise analyzing the image of the food and
obtaining carbohydrate information about the food from a
database, which may be stored locally or remotely. In these
embodiments, the CGM module 208 may not need to receive
an input from the CGM. If the output is to be communicating
to the user what effect the food is likely to have on his or her
blood glucose, the processing may comprise making that
determination based upon the user’s current blood glucose,
which is known from the CGM, which may in turn comprise
analyzing the composition of the food and obtaining carbo-
hydrate information about the food from a database, which
may be stored locally or remotely. If the output is to be an
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estimate of a dosage of insulin that should be injected after the
food is consumed, the processing may comprise determining
what effect the food is likely to have on the user’s current
glucose level, which may be known from the CGM, and
determining what amount of insulin would be appropriate to
counteract the expected rise in blood glucose. The CGM
module 208 then produces an output at block B604, which
may be, for example, an output to a display 222 of the smart-
phone 202 that shows the user what effect (graphically, tex-
tually and/or predictively) consuming the food will have on
his or her blood glucose, providing an estimated insulin dos-
age, providing a recommended therapy, providing a recom-
mendation not to eat the food or to eat only a portion of it, etc.
The user is thus able to make informed decisions about
whether to eat the food, eat only half of it, etc. And, if all the
food is consumed, the user is able to more accurately gauge
how much insulin he or she should inject. Other examples of
outputs include recommendations of how much of a particu-
lar food (e.g., from an image) should be consumed, (e.g., by
recommending the user eat only half of the plate of food), or
aresulting prediction of how the amount of food (on the plate)
consumed might affect the user’s glucose levels.

[0104] In alternative embodiments, the input to the CGM
module 208 regarding food consumed or to be consumed may
be user input in addition or rather than information from an
image capture module. For example, the user may input food
information via a graphical user interface on the display 222
of the smartphone 202. The form of input may be typing
descriptions of the food and/or selecting food choices from
predefined onscreen menus. In some embodiments, the
results of the captured image (e.g., estimated carbohydrates
and/or fat) can be sent to an insulin determination module, for
example, a closed loop type algorithm that informs an insulin
pump of an amount of insulin to administer. In one example,
the user takes a picture of the food on his or her plate, then
selects the portion of the food to be (or that has been) con-
sumed and enters that as the input for a bolus calculator,
closed loop insulin algorithm, or semi-closed loop insulin
algorithm.

[0105] Invarious other embodiments the CGM module 208
may be used in conjunction with the image capture module to
input a reference value (e.g., a blood glucose value from a
reference blood glucose finger-stick meter) to the CGM mod-
ule 208. CGM’s may require entry of a reference glucose
value in order to calibrate and/or validate the sensor data.
Additionally, a reference glucose value may be used to cal-
culate or validate a therapy recommendation for the user.
Unfortunately, the user may not accurately input the time
stamp of the reference glucose value (for example, the time at
which the reference glucose value was actually obtained) at
the time of reference data input into the smartphone. Addi-
tionally, the accuracy of data entry may be subject to human
error (for example, due to inconsistencies in reading or enter-
ing the reference glucose value from the meter). In contrast,
using the image capture module enables the user to automati-
cally and accurately obtain the reference glucose value and
the time it was obtained from the reference glucose meter.
Additionally, the process of obtaining reference data is sim-
plified and made convenient using image capture module
because of fewer loose parts (for example, cables, etc.) and
less required data entry. Once the user has taken a picture of
the reference value using the image capture module, the
image is processed to determine the reference value there-
from, stamped with the time of the picture (or based on a
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prompt to validate the time stamp), and the value sent to the
CGM module 208 for use in calibration of the CGM data,
validation by the CGM module, input into an insulin therapy
recommendation and/or other semi-closed loop system cal-
culation.

[0106] Invarious other embodiments the CGM module 208
may be used in conjunction with the image capture module to
pair a transmitter (sensor electronics 104) to the smartphone
202 or to initiate use of a new sensor 102. In these embodi-
ments, the user takes a photo of a transmitter/sensor, or scans
a barcode, such as a UPC barcode or matrix barcode, affixed
to the transmitter/sensor. The photo could be taken with a
digital camera, and the scans could be made with a UPC
barcode reader or QR reader, any of which may be built into
the smartphone 202. The image capture module then receives
as an input image information pertaining to the photo or scan,
processes the information and produces an output, which is
passed to the CGM module 208. The CGM module 208
receives and processes the input from the image capture mod-
ule. The processing may be applying one or more algorithms
to the input, for example, algorithms useful for analyzing
images. For example, the processing may comprise transmit-
ting the input to a remote authentication module, which ana-
lyzes the transmission and sends back either an approval or
denial. The CGM module 208 then produces an output, which
may be, for example, an on-screen prompt that the transmitter
has been associated or the sensor has been enabled.

[0107] With regard to pairing of the transmitter to the
smartphone, pairing may be accomplished during a channel
establishment process between the two devices. Establishing
a channel may involve broadcasting a unique ID by one
device and a search and acquisition of this ID by the other
device. In general, the sensor electronics of the CGM device
may send one or more message beacons that include the
device ID and optionally other security means. The smart-
phone 202 may receive the transmission and determine
whether to pair with the sensor electronics of the CGM device
by checking for a match between the device ID in the received
beacon and the device ID it is searching for. If the device ID
does not match, the pairing process can end. If the device ID
does match, acommunication channel is established. The part
of'the communication process involved in establishing a com-
munication channel may be handled by the sensor electronics
in accordance with the protocols established for standardized
communication and embedded therein. In some embodi-
ments, the pairing process may be initiated by and/or assisted
by the image capture module, wherein a user captures an
image including a device ID (in any numeric or coded for-
mat), initiated by the user and/or requested by the CGM
module 208, after which the CGM module 208 uses the
device ID derived from the image to pair the transmitter with
the smartphone and/or provide other information associated
with the CGM device.

[0108] The CGM device may include a sensor system iden-
tifier, such as a series of alphanumeric characters (e.g., a
series of 5, 6, 7 or 8 alphanumeric characters) printed, etched
or otherwise affixed on a housing of the CGM device (sensor,
transmitter or packaging associated therewith), or any other
known identifier, such as a bar code or quick response (QR)
code. The sensor system identifier may be used to generate
both the device ID used in the master beacons to establish a
channel and to generate the sensor security code used for
additional security in the glucose monitoring system. To
maintain good data security, the alphanumeric characters and
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the sensor security code need not be transmitted over a wire-
less communication channel at any time.

[0109] With regard to other information that may be cap-
tured by the image capture module, one or more codes may be
provided in any readable format, whereby the CGM module
208 can derive sensor information therefrom, for example,
sensor expiration, sensor lot information, sensor calibration
information, duration of sensor session information, a license
code to enable particular functionality, etc. The CGM module
208 may initiate a request for a code, in response to which the
user may capture an image of the code, after which the CGM
module 208 reads and interprets the code to obtain informa-
tion useful for the function and/or control of the sensor and/or
display and processing of the sensor data. Either of the sensor
electronics or the smartphone 202 may be configured as the
master or the slave depending on the protocols of the particu-
lar smartphone and/or CGM device configuration.

[0110] Invarious other embodiments the CGM module 208
may be used in conjunction with the image capture module to
take photos of locations on the user’s body. For example, the
user may take a photo of a newly placed sensor and its loca-
tion on the body, and the data obtained during that sensor
session may be stored and associated with the location of the
sensor to determine what locations on the body provide the
best sensor data. The user could then leverage this informa-
tion to determine where to place a new sensor by taking a
photo of his or her body prior to sensor placement. In these
embodiments, the image capture module receives as an input
image information pertaining to a photo of a newly placed
sensor on the body. The image capture module processes the
information and produces an output, which is passed to the
CGM module 208. The CGM module 208 receives and pro-
cesses the input from the image capture module. The process-
ing may be applying one or more algorithms to the input, for
example, algorithms useful for analyzing images. For
example, the processing may comprise associating the loca-
tion of the sensor with all data obtained during that sensor
session. The CGM module 208 then produces an output,
which may be data written to a database for use in making
future determinations about where to place new sensors to
obtain good quality sensor data. Additionally or alternatively,
the location and quality of sensor data information can be
uploaded to a data repository (e.g., in the cloud), where analy-
sis of correlations of sensor quality with sensor location (and
other related information such as BMI, age, sex, etc.) can be
performed to improve future recommendations for sensor
insertion sites. The sensor insertion site information can be
combined with infusion pump insertion site information in a
similar manner. Additionally, feedback can be provided to the
user as to where a next recommended insertion site might be
based on historic information of use of various sites over time.

[0111] Inanother example, with each new insulin injection,
the user may take a photo of the injection site. The photos may
be stored in a database for use in making future determina-
tions about where to inject insulin. In this example, the image
capture module receives as an input image information per-
taining to a photo of an insulin injection site on the body. The
image capture module processes the information and pro-
duces an output, which is passed to the CGM module 208.
The CGM module 208 receives and processes the input from
the image capture module. The output may be data written to
a database for use in making future determinations about
where to inject insulin. As above, the location information can
be combined with quality, accuracy, reliability, BMI, sex, age,
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sensor insertion location information, etc., to output informa-
tion about recommended future sites and/or for general analy-
sis of trends in a population of users.

[0112] Auxiliary Interface 216: Contacts Module

[0113] Another example of an auxiliary interface 216 that
can be used in accordance with the present embodiments is a
contacts module. As used herein the term contacts module
should be construed broadly to include any device and/or
instructions capable storing, maintaining and/or processing
information about one or more people or entities, such as
personal contact information. An example of a contacts mod-
ule includes an electronic directory of information about
people that a user of the smartphone 202 may know, such as
names, phone numbers, addresses, pictures, friend lists,
social networks, Twitter account information, Facebook
account information, diabetes blogs, etc.

[0114] Incertain embodiments, the CGM module 208 pro-
vides a mechanism for communicating to bystanders what
can be done to help a diabetic who is in distress due to, for
example, a hypoglycemic event. Thus, certain of the present
embodiments leverage capabilities of smartphones 202 that
relate to personal contact information so that bystanders can
better assist a diabetic who is experiencing a hypoglycemic
event.

[0115] In various embodiments, with reference to FIG. 7,
the CGM module 208 may be used in conjunction with the
contacts module to provide in case of emergency (ICE) infor-
mation for bystanders during a hypoglycemic event. In these
embodiments, at block B700 the CGM module 208 receives
an input from a CGM, which is the user’s current EGV. The
CGM module 208 processes the input at block B702, which
may comprise comparing it to a threshold value. If the EGV is
lower than the threshold value, indicating that the user is
experiencing a hypoglycemic event, the CGM module 208
may query the contact module to obtain ICE information for
the user. The CGM module 208 may then output the infor-
mation to the display 222 of the smartphone 202 at block
B704, together with an audible alarm and/or visual indica-
tion, such as flashing the display 222 on and off. The output
may also include a projection of a help signal from a projector
built into the smartphone 202. The audible and/or visual
alarm may alert a bystander that something is wrong, and the
bystander can use the displayed information to help the dia-
betic, such as by summoning help. The ICE information
displayed may be fully customizable so that the user can
determine what ICE information will be displayed. Examples
of ICE information that could be displayed include, with
reference to FIG. 8, the user’s name, a statement that the user
has diabetes and may require medical assistance, an emer-
gency contact person with phone number, etc. The user may
also program when the ICE information will be displayed,
such as after a selected duration following a reading of <55
mg/dl alert, and for how long the ICE information will be
displayed. For example, the normal sleep mode of the display
222 may be disabled during this time so that the ICE infor-
mation is readily viewable by first responders.

[0116] In various other embodiments, the CGM module
208 may be used in conjunction with the contacts module to
provide updates to a social network. In some embodiments,
the user’s location and/or other attributes associated with the
user (such as type of diabetes, age, sex, demographic, etc.),
the smartphone 202, and/or the CGM device can be used to
find other people in the area, with similar attributes and/or
using a similar CGM device, to recommend as a social con-
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nection. For example, the CGM module 208 and/or a social
media site in concert with the CGM module 208 enables the
user to select from options such as find other people with
diabetes, or find other people with diabetes near me or find
recommendation of diabetes-friendly restaurant in the area.

[0117] In some embodiments, the CGM module 208
enables a user to selectively upload or share information from
their CGM module 208 electronically and/or via a social
network site. Example information that could be shared
includes a success metric, a current EGV value, a screen shot,
an achievement, an award, a pattern trend graph, activity
information, location information, and/or any other param-
eter described as a possible input into or output from the CGM
module 208 elsewhere herein. For example, the CGM module
208 may have user selectable actions such as share EGV on
Facebook, share EGV on Twitter, share screen via Facebook,
Twitter, e-mail, MMS, send trend screen to printer, etc. Addi-
tionally, or alternatively, the CGM module 208 may enable a
user to add preset and/or custom captions, or change a status
with their shared information, such as check out my no hitter,
which can be shared selectively (by a user or based on param-
eters) and/or automatically. In one example, a user can “like”
a particular CGM from the CGM module 208 directly to a
particular social site. In certain embodiments, when the user
selects to share information, options may be shown on the
display 222 that enable the user to select what to share and
with whom. The user may predefine groups and or individuals
to share information with. For example, the user may create a
group of friends, and when the user chooses to share some-
thing he or she selects to share it with the predefined friends,
and a notification is then sent to each person in the group. This
functionality is useful, for example, for parents who want to
monitor their child’s blood glucose. The child can choose to
share a BG value, and then select parents, or mom, or dad, and
the BG value is then sent to the selected person(s).

[0118] In some embodiments, the CGM module 208, in
concert with a social network, can be configured to allow
users to compare EGV, trends, number of lows, etc. with
friends or a group on the social network site (e.g., Facebook).
In some embodiments, the CGM module 208, using CGM
information from a plurality of users, compares one or more
parameters to determine a comparison of data from a single
person to the average (grouped by some similarity, for
example). In some embodiments, the CGM module 208 cal-
culates achievements, points, badges, or other rewards based
on predetermined criteria (keeping blood glucose in a target
range, use of CGM, etc.), which can be selectively or auto-
matically posted to a social network site (e.g., Facebook). In
some embodiments, when a user would like to share a learn-
ing from the CGM module 208, e.g., a picture of food and
resulting EGV or trend graph, the CGM module 208 enables
the user to selectively upload the information to a site. In this
context alearning is an event or a first situation, and the effect,
output, or trend resulting therefrom.

[0119] Additionally or alternatively, data from CGM users
can be aggregated, whereby the CGM module 208 is config-
ured to enable a user to query for current active CGM users,
xxX % of people using a CGM that are in range, other CGM
users with a similar glucose as him or her (within a margin of
error, such as 80 mg/d.+5). These queries can also be nar-
rowed by geography, by doctor, age, gender, ethnicity, diabe-
tes type, therapy type (pump, syringes, exenatide, metformin,
etc.), etc.
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[0120] In some embodiments, the CGM module 208 on a
first smartphone communicates with another CGM module
208 on a second smartphone (e.g., via a social network site or
other network connection) to allow CGM users to play or
compete with others in a group (or with a particular friend)
with one or more metrics (e.g., amount of time in target range,
reduction of hypoglycemia, continuous use of CGM, etc.).
[0121] In some embodiments, the CGM module allows
users to share problems or difficulties associated with their
device and/or disease management by uploading screen
shots, questions, data, etc. Further, the CGM module 208 may
allow others to post solutions or answers to similar problems,
which solutions or answers may be sent to the smartphone for
local review by the sharer.

[0122] Insome embodiments, the CGM module 208 com-
prises a database of doctors that treat patients using CGM
(prescribe CGM), and which allows a user to find a CGM-
prescribing doctor with a prescribed distance.

[0123] In various embodiments, the CGM module 208
enables a user to ‘pin’ (using a site such as Pinterest) a CGM
screen shot, trend graph, etc. that results from cooking and
consuming a recipe. For example, a recipe for eggs that also
includes the CGM graph of what the recipe did to the user’s
glucose.

[0124] The following are some examples of activities that
may be considered quantifiable achievements, and that could
be used by the CGM module 208 to reward the user, and/or
could be uploaded to share or compete with others: first
sensor worn, one-month streak of continuous wear, two-
month streak of continuous wear, x-month streak of continu-
ous wear, one-year CGM anniversary, two-year CGM anni-
versary, x-year CGM anniversary, no-hitter day (e.g., no
glucose values below a predetermined hypoglycemic thresh-
o0ld), no-hitter two-day streak, no-hitter x-day streak, quickly
curbed a high (e.g., above hyperglycemic upper target for no
more than 20 minutes, 40 minutes, 60 minutes, etc.), quickly
corrected a low (below hypoglycemic lower target for no
more than 20 minutes, 40 minutes, 60 minutes, etc.), fixed a
problem area (when the pattern report indicates a pattern, then
the pattern no longer appears), the fixed problem area could
generate an alert, first upload (if not automatically uploaded),
nth upload, shared CGM information with a friend (e.g.
screenshot), posted CGM trend on a social media site, no
highs today, no highs in x days, no double arrows day (e.g.,
rate of change of glucose levels stayed below a threshold),
longest time in desired range (your longest in-range time is x
hours), most screen views in a day, longest time without data
gaps (e.g. not being out of range). In some cases, such as
longest time, challenges could be a stored record that a user
would try to beat.

[0125] Auxiliary Interface 216: Location Module

[0126] Another example of an auxiliary interface 216 that
can be used in accordance with the present embodiments is a
location module. As used herein the term location module
should be construed broadly to include both user input and
any device and/or instructions capable of receiving as an input
information about a user’s location, processing the location
information, and producing an output indicative of the user’s
location. Examples oflocation modules include a global posi-
tioning system (GPS) receiver, other location electronics such
as triangulation using radio towers, etc.

[0127] Incertain embodiments, the CGM module 208 pro-
vides a mechanism for correlating what effect, if any, a user’s
location may have on his or her blood glucose, or for using a
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user’s location to provide the user with information that
would be useful in managing his or her blood glucose. Thus,
certain of the present embodiments leverage capabilities of
smartphones 202 that relate to location detection so that the
user’s location can be used to identify possible location-based
effects on the user’s blood glucose, and to provide the user
with useful information.

[0128] In various embodiments, with reference to FIG. 9,
the CGM module 208 may be used in conjunction with the
location module to provide the user with information on
nearby locations where food can be obtained when the user’s
blood glucose is low, or in danger of becoming low. In these
embodiments, at block B900 the CGM module 208 receives
an input from a CGM, which is a current EGV. The CGM
module 208 processes the input at block B902, which may
comprise comparing it to a threshold value. If the EGV is
lower than the threshold value, indicating that the user has low
blood glucose, or may soon have low blood glucose, the CGM
module 208 may produce an output at block B904 alerting the
user with one or more audible or visual alarms. The CGM
module 208 may receive further inputs at block B900 from
the location interface of the user’s current location and the
location of one or more nearby locations where food can be
obtained. The CGM module 208 then produces an output at
block B904, which may be, for example, an output to a
display 222 of the smartphone 202 that shows the user where
to obtain food, and may provide turn-by-turn directions after
the user selects a destination from a list and/or by selecting an
icon on a map.

[0129] Additionally or alternatively, altitude information,
geographic information, demographic information, socio-
economic information, etc., can be combined with other
inputs, including CGM data, to provide trends and reports
regarding the influences or correlations of any of the infor-
mation on CGM data and vice versa (glucose control, sensor
accuracy or reliability, etc.) for selected populations.

[0130] In various other embodiments, again with reference
to FIG. 9, the CGM module 208 may be used in conjunction
with the location module to provide the user with a recom-
mendation on where to eat based on diabetic considerations.
In these embodiments, at block B900 the CGM module 208
receives an input, which may be a user request for a recom-
mendation on where to eat. The CGM module 208 receives a
further input at block B900 from the location module of
nearby locations where diabetic-friendly food can be
obtained. The CGM module 208 processes the inputs at block
B902, which may comprise ranking the eating locations
according to the degree to which they are healthy choices for
diabetics, and/or grouping the eating locations according to
one or more criteria input by the user. The CGM module 208
then produces an output at block B904, which is a recommen-
dation on where to eat. The recommendation may be provided
on the display 222 of'the smartphone 202, and may include an
address and/or directions to one or more locations. The input
from the location module may further include information
about a restaurant in which the user is located or that is nearby.
The processing may comprise determining that that restau-
rant is not a good choice for diabetics, and the output may
include a recommendation of a nearby restaurant that would
be a healthier choice.

[0131] In various other embodiments, again with reference
to FIG. 9, the CGM module 208 may be used in conjunction
with the location module to detect when a user is driving or
riding in a car, and to correlate how driving affects blood
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glucose levels. In these embodiments, at block B900 the
CGM module 208 receives an input from the location module
indicative of the user being in a moving vehicle. For example,
the location module may detect that the user is moving at a
high rate of speed, or is intermittently accelerating and decel-
erating. The CGM module 208 receives a further input at
block B900 from a CGM, which is the user’s EGV. The CGM
module 208 may receive substantially continuous EGV’s
from the CGM. The CGM module 208 then processes the
inputs at block B902, which may comprise matching EGV’s
to substantially time corresponding data about the user, such
as his or her average velocity, or frequency of slowing down
and speeding up, which may be indicative of the amount of
traffic the user is encountering. The CGM module 208 then
produces an output at block B904, which may be to send
matched data pairs to storage 210 for retrospective analysis.
The storage 210 may be local or remote.

[0132] In various other embodiments, again with reference
to FIG. 9, the CGM module 208 may be used in conjunction
with the location module to detect when a user is located far
from home or from a location where help could be obtained
should the user experience a hypoglycemic event. In these
embodiments, at block B900 the CGM module 208 receives
an input from the location module indicative of the user’s
location. The CGM module 208 receives a further input at
block B900 from a CGM, which is the user’s EGV. The CGM
module 208 then processes the inputs at block B902, which
may comprise comparing the EGV and location information
against threshold values, such as a minimum EGV and a
maximum distance. That is, the CGM module 208 may deter-
mine, based on the processing, that a potentially dangerous
situation exists where the user’s EGV is below a minimum
threshold and the user’s location is more than a maximum
threshold distance from home or from a location where help
could be obtained. The CGM module 208 then produces an
output at block B904, which may comprise an audible and/or
visual warning that is distinct from a standard alert or alarm.
Additionally or alternatively, alert thresholds, messages,
events, prediction horizons, and other customizable param-
eters can be adjusted automatically responsive to the analysis
of'the user’s blood glucose and their location combined.

[0133] Inanother example, the CGM module 208 receives
an input from the location module indicative of the user’s
location. The CGM module 208 receives a further input from
the CGM indicating a level of power left in a battery powering
the CGM. Alternatively, or in addition to the input from the
CGM indicative of battery power, the CGM module 208 may
receive an input from a battery module of the smartphone 202
indicating a level of power left in a battery powering the
smartphone 202. The CGM module 208 then processes the
inputs, which may comprise comparing the battery level(s)
and location information against threshold values, such as a
minimum battery level and a maximum distance. That is, the
CGM module 208 may determine, based on the processing,
that a potentially dangerous situation exists where the battery
level is below a minimum threshold and the user’s location is
more than a maximum threshold distance from home or from
a location where help could be obtained and/or the device
could be recharged. The CGM module 208 then produces an
output, which may comprise an audible and/or visual warning
that is distinct from a standard alert or alarm.

[0134] In various other embodiments, again with reference
to FIG. 9, the CGM module 208 may be used in conjunction
with the location module to correlate an influence of a user’s
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location on his or her blood glucose. In these embodiments, at
block B900 the CGM module 208 receives an input from the
location module indicative of the user’s location. The CGM
module 208 receives a further input at block B900 from a
CGM, which is the user’s EGV. The CGM module 208 then
processes the inputs at block B902. The processing may be
applying one or more algorithms to two streams of input (not
yet matched), for example, algorithms useful for correlating
data and/or recognizing patterns. For example, the processing
may comprise associating or analyzing EGV’s with substan-
tially time corresponding data about the user, such as his or
her location. The CGM module 208 then produces an output
at block B904, which may be to send the related data streams
of information and/or matched data pairs to storage 210 for
retrospective analysis. The storage 210 may be local or
remote.

[0135] Auxiliary Interface 216: Audio Module

[0136] Another example of an auxiliary interface 216 that
can be used in accordance with the present embodiments is an
audio module. As used herein the term audio module should
be construed broadly to include any device and/or instruc-
tions capable of receiving as an input information about an
audio signal, processing the audio information, and produc-
ing an output in the form of audio and/or information about
the audio signal. Examples of audio modules include a digital
music player, a microphone, etc.

[0137] Incertain embodiments, the CGM module 208 pro-
vides a mechanism for matching different songs to different
alerts, or for determining what effect, if any, a given song may
have on a user’s blood glucose. Thus, certain of the present
embodiments leverage capabilities of smartphones 202 that
relate to audio so that the user may customize different alerts
with different songs, and so that various algorithms may be
adjusted based on the user’s response to different songs. For
example, the speed and/or effectiveness of a user’s response
to alarms with a particular song, tune, pitch, or level of inten-
sity can be tracked, after which the CGM module 208 can
learn which audio alarms best help auser manage their health.
In various embodiments, the CGM module 208 is configured
to adaptively adjust the user’s alarm sounds, tunes, songs,
pitches, levels, etc., based on the analysis of or correlation to
good blood glucose control.

[0138] In various embodiments, with reference to FIG. 10,
the CGM module 208 may be used in conjunction with the
audio module to provide customizable alerts. The CGM mod-
ule 208 may provide various alerts, such as a reminder to
inject insulin, a reminder to get a reference blood glucose
value, a reminder to eat, a reminder to schedule a doctor’s
appointment, a warning that blood glucose is dropping or is
low (or rising, too high), or even confirmation that a user is
within a target range, etc. These alerts may be hard coded into
the CGM module 208, or may be programmable by the user.
Even if the alerts are hard coded, the user may still be able to
assign different songs to different alerts. Thus, when the
CGM module 208 receives an input indicating that it is time
to provide an alert, the song that the user hears corresponds to
the song that the user previously assigned to that alert. For
example, the CGM module 208 may receive an input at block
B1000 from the timekeeping/scheduling module indicating
that it is time for the user’s next insulin dose. The CGM may
process the input at block B1002 by identifying what song is
to be played in connection with a reminder to inject insulin,
and then produce an output at block B1004, which may be an
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on-screen notification to the user coupled with a command to
the audio module to play the identified song.

[0139] In various other embodiments, at block B1000 the
CGM module 208 may receive a first input from the audio
module indicating what song is currently being played, and a
second input from a CGM, which is the user’s EGV. The
CGM module 208 processes the inputs at block B1002. The
processing may be applying one or more algorithms to two
streams of input (not yet matched), for example, algorithms
useful for correlating data and/or recognizing patterns. For
example, the CGM module 208 may analyze characteristics
of'the song, such as its tempo. In another example, the CGM
module 208 may process the first and second inputs by match-
ing EGV’s over time with songs that were playing at the time
each EGV was received. The CGM may then produce an
output at block B 1004 of matched data pairs that are stored in
storage 210 of the smartphone 202 or remotely. The CGM
may perform further retrospective processing of the stored
data pairs to attempt to identify a pattern relating to the effect
of certain songs, or certain types of songs, on the user’s blood
glucose. Based on the retrospective processing, the CGM
may output a list or ranking of songs most closely correlating
with good blood glucose control.

[0140] Incertain embodiments, the CGM module 208 does
not require the user to input information and commands using
his or her fingers. This interface can be cumbersome when
trying to accomplish certain tasks. Thus, certain of the present
embodiments leverage capabilities of smartphones 202 that
relate to audio so that the user may input information and
commands using his or her voice. This aspect of the present
embodiments improves the ease of use of the system 200,
which in turn increases the likelihood of patient compliance.

[0141] Invarious embodiments, the CGM module 208 may
be used in conjunction with the audio module to recognize
and respond to voice commands. In these embodiments, the
audio module may comprise a microphone and related hard-
ware/software/firmware for understanding voice commands.
The CGM module 208 receives as an input from the audio
module at block B1000 of information pertaining to a voice
command. The CGM module 208 processes the input at block
B1002 and produces an output at block B1004. The process-
ing and output will vary according to the nature of the com-
mand. For example, with reference to FIG. 11, in various
embodiments the CGM module 208 receives a request from a
user to output the user’s current EGV. The request is received
by the audio module at block B1100, which processes it at
block B1102 and outputs information pertaining to the
request to the CGM module 208 at block B1104. At block
B1106 the CGM module 208 receives the input from the
audio module, and an input from a CGM, which is the user’s
current EGV. The CGM module 208 processes the inputs at
block B1108 by accessing the user’s current EGV, which is
stored in local or remote storage 210. At block B1110 the
CGM module 208 then outputs the user’s current EGV, which
may be provided as text information on the smartphone’s
display 222, or as a voice response delivered through one or
more speakers of the smartphone 202. In alternative embodi-
ments, the user may ask for the current EGV of another
person, such as a family member. In these embodiments, the
smartphone 202 would be wirelessly linked to devices asso-
ciated with other people. An additional step in the process
would involve the CGM module 208 sending a request to a
CGM module 208 of the other person, and receiving a reply
from that CGM module 208. In further alternative embodi-



US 2014/0012118 Al

ments, the user may ask for different values, such as a last
input BG value, predicted EGV for a future time period, or
any of the recommendations or output described in more
detail elsewhere herein. In still further alternative embodi-
ments, the user may ask the CGM module 208 to output more
than a single value. For example, the user may ask the CGM
module 208 to display 222 an EGV history, such as for the
past 24 hours, past two days, three days, etc. In some embodi-
ments, the system asks the user to provide a single point blood
glucose reference value, and the user may audibly provide the
BG value to be received and processed by the CGM module
208 for calibration, validation, therapy recommendation, etc.
[0142] FIG. 11A illustrates another example of how the
CGM module 208 may be used in conjunction with the audio
module to recognize and respond to voice commands. With
reference to block B1112 the user activates voice control for
the smartphone, which may be done through a settings menu,
for example, which may be associated with the CGM module
208. The user then asks the smartphone a question relating to
glucose or CGM. For example, the user might ask for his or
her own current EGV. Additionally or alternatively, the user
might ask for another person’s current EGV, such as the user’s
child or other relative. Preferably, the CGM module 208 is
able to recognize a variety of natural language commands,
such as “What is Johnny’s glucose?” What is my son’s blood
sugar? What’s my B G? What’s Dad’s meter reading? What
does Johnny’s CGM say? etc.

[0143] At block B1114, the CGM module 208 receives the
user’s inquiry and deciphers it by, in part, determining what
person the user is inquiring about. At block B1116, the CGM
module 208 determines which devices it has access to, and at
block B1118, the CGM module 208 prioritizes the accessible
devices according to a priority scheme, which may be con-
figurable. For example, if the user has multiple devices that
track their glucose, such as a blood glucose meter (with
glucose data), a pump (with potential CGM data), as well as
a stand-alone CGM device, and if all have glucose values at
approximately the same timestamp, the algorithm prioritizes
which of the three glucose values to display. At block B1120,
the CGM module 208 accesses top priority devices via an
application programming interface (API). At block B1122,
the CGM module 208 reads the requested value from the
relevant device as well as, optionally, a rate of change in the
value, and at block B1124 the CGM module 208 produces an
output to the display, which may be in the form of a numerical
value and/or a trend graph.

[0144]

[0145] in some embodiments, when a new sensor of a con-
tinuous analyte monitor is implanted, it may need to be cali-
brated so that is accurately converts its signal in units of
current or counts to concentration in clinical units (mg/dL or
mMolar for glucose) for outputting meaningful data to a user.
Calibration of commercially available CGM’s typically
involves obtaining one or more reference analyte values. A
reference analyte value can be an analyte value obtained from
a self-monitored blood analyte test. One such test is a finger
stick test, in which the user obtains a blood sample by prick-
ing his or her finger, and tests the sample using any known
analyte sensor. Where the analyte being sampled is glucose,
the obtained value is often times referred to as a blood glucose
(BG) value. The BG value is compared to a measurement of
glucose taken by the continuous sensor at substantially the
same time as the finger stick sample was obtained. In some
embodiments, the calibration process generally involves cor-
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relating a BG value with a sensor value from the CGM to
create a matched pair (which process may be iterated to create
multiple matched pairs). The resulting matched pair(s) are
typically regressed with or without additional information,
from which the calibration parameters (sensitivity and in
some cases baseline) of the sensor are derived. These param-
eters are then used to convert each CGM data into meaningful
values in units of mg/dL or mM for storage/display to the user
(and further processing).

[0146] The CGM module 208 may be used in various of the
present embodiments to facilitate calibration of a continuous
analyte sensor. In various embodiments, the image capture
module may be used to capture image information of a blood
glucose meter. For example, a digital camera of the smart-
phone 202 may take a photo of the display 222 of the blood
glucose meter when the display 222 is showing information
regarding a recent blood glucose measurement, such as a BG
value in mg/dL. The CGM module 208 may receive the BG
value and time stamp as an input. In some embodiments, the
BG value may be entered manually using the smartphone
directly into the CGM module or using a meter integrated
with a smartphone (physically or wirelessly integrated).

[0147] However, in some embodiments the calibration pro-
cess is performed by the sensor electronics 104 of the CGM
device 100 (e.g., on the skin of the patient), remote from the
CGM module 208 on the smartphone 202, where the BG
(calibration) value is captured. In these embodiments, there
may be a time delay between the time the user enters the BG
value for calibration and the time the sensor data reflects an
updated calibration responsive to the calibration process
using the newly entered BG value. In some embodiments, this
delay can be due, at least in part, to the sensor electronics 104
of'the CGM device 100 not being in constant communication
with the smartphone 202 (due to battery limitations). Thus a
first delay can be due to waiting for the window of commu-
nication to occur between the CGM device 100 and the CGM
module 208 on the smartphone 202. Once the sensor elec-
tronics 104 of the CGM device 100 receives the BG value for
calibration and processes the calibration to calculate new
sensor values with the BG value, another time delay occurs in
waiting for the window of communication to send the data
back to the smartphone 202 for display. For example, where
the interval of communication is five minutes, this process
could incur a ten minute delay. The delay can be even more
frustrating to a user if the user entered a bad BG value, for
example, wherein the conventional analyte meter produces an
inaccurate value (BG meters are known to have a £20% error
in values), or other errors in readings known to occur due to
patient error in self-administration of the blood glucose test.
For example, if the user has traces of sugar on his or her finger
while obtaining a blood sample for a glucose concentration
test, then the measured glucose value will likely be much
higher than the actual glucose value in the blood). In a sce-
nario wherein the BG value is determined to be unacceptable
by the sensor electronics of the CGM device 100 (e.g., based
on a clinical or statistical analysis associated with the BG
value, a set of matched data pairs, a regression of matched
data pairs, etc.), the user will be prompted, up to ten minutes
later (or similar time delay), to provide another BG value.
This may be frustrating to the user and can be overcome by
more communication between the sensor electronics 104 of
the CGM device 100 and the CGM module 208 of the smart-
phone 202 to preempt such delayed feedback. Accordingly,
the CGM module 208 may store a maximum acceptable value
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and a minimum acceptable value for a BG calibration value,
and use these max/min values to determine, and provide
immediate feedback, as to whether a BG value input to the
CGM module 208 is likely to be in error.

[0148] Thus, in some of the present embodiments the CGM
module 208 may store a minimum BG value and a maximum
BG value that are calculated from previous EGVs using a
cone of possibilities calculation and/or using a priori knowl-
edge of possible blood glucose changes within a window of
time. For example, if a user’s glucose at noon is at 100 mg/dL,
and rising at 2 mg/dl./min, then an acceptable range for a BG
value entered at 12:05 PM may be delineated by a maximum
value of 120 mg/dL. and a minimum value of 100 mg/dL..
When the user inputs a next BG value, the CGM module 208
compares the input value to the stored max/min values, and, if
the input value is outside the range defined by the minimum
and maximum BG values, the CGM module 208 produces an
output in the form of an alert notifying the user to obtain
another BG value. The delay caused by intermittent commu-
nication between the sensor electronics and the CGM module
208 is thus eliminated.

[0149] Inthese embodiments, with reference to FIG. 12, at
block B1200 the CGM module 208 receives as an input a BG
value. The BG value may come from user input, or from a
wireless transmission from the user’s BG meter, for example.
The CGM module processes the input at block B 1202 by
placing it in temporary storage 210. The CGM module then
outputs the BG value to the sensor electronics at the next
interval for communication at block B1204. The sensor elec-
tronics processes the BG value in connection with its EGV
algorithm at block B1206. The sensor electronics also calcu-
lates an expected minimum for a next BG value and an
expected maximum for a next BG value at block B1208. At
block B1210 the sensor electronics outputs the values calcu-
lated at blocks B1206 and B1208 to the CGM module 208.
The CGM module 208 receives the EGV and the expected
minimum and maximum BG values at block B1212. Atblock
B1214 the CGM module 208 stores the expected minimum
and maximum BG values for later comparison (e.g., within
the next 5 minutes, or other interval of time, prior to receipt of
a next data packet from the sensor electronics). When the
CGM module 208 receives an input of a next BG value at
block B1216, the CGM module 208 processes this input at
block B1218 by comparing it to the stored expected minimum
and maximum next BG values. If the next BG input is outside
the expected range, the CGM module 208 produces an output
at block B1220. The output may be an error message and/or a
request for a new BG value. In an alternative embodiment, the
processing may be performed by the CGM module 208. In
these embodiments, the CGM module 208 receives as an
input a BG value, processes this input by calculating an
expected minimum for a next BG value and an expected
maximum for a next BG value based on recent EGVs, and
optionally outputs these values to memory 204 or storage
210. When the CGM module 208 later receives an input of a
next BG value, the CGM module 208 processes this input by
comparing it to the expected minimum and maximum next
BG values. Additionally or alternatively, the expected mini-
mum and maximum BG values are calculated by the CGM
module 208 only when a BG value is received. If the next BG
input is outside the expected range, the CGM module 208
produces an output in the form of an error message (e.g.,
request for another BG value).
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[0150] One example method of determining the range of
acceptable BG values is to apply a simple error check to the
last EGV, such as £X %, where X may be any number.
However, challenges for the correct detection of bad BG
values include sensor drift, sensor noise, time delay between
the most recent EGV and the current BG value, and glucose
rate of change. One example method of compensating for
drift is to use time during the week, measured drift (from BG
values or impedance, for example), or predicted drift (from a
model) to widen or narrow the acceptable range. In some
embodiments, the acceptable minimum and maximum values
are calculated differently depending upon time since implant.
For example, upper and lower boundaries may be applied to
limit the BG values, where the algorithmic parameters used to
calculate the minimum and maximum values change over
time. It is known, for example, that for some sensors sensi-
tivity rises during the first day to three days after implantation,
and eventually levels off. It is also known that for some
sensors the slope of the sensor drift curve is greatest shortly
after implantation, and gradually decreases. Accordingly, the
time-dependent algorithmic functions in this case are the
minimum and maximum values that delineate acceptable BG
values (e.g., a wide range of acceptability during the first few
days after implant when the sensitivity is likely to change the
most). The time-dependent calculations may be derived, for
example, from retrospective analysis of in vivo sensitivities
and/or baselines of analyte sensors (and rates of change
thereof). As this example illustrates, applied a priori knowl-
edge doesn’t have to be static. Rather, it can change over time
in response to expected and/or measured changes in a given
parameter and/or time. Further, applying a priori knowledge
dynamically is not limited to the minimum and maximum
values themselves. Namely, adaptive time-based parameters
could be applied to any data or processing associated with
processing of the continuous analyte data, including calcula-
tion of EGV’s. Advantageously, drift correction of the EGV’s
and/or previous matched pairs in the calset improves the
sensitivity/specificity of detecting bad BG values.

[0151] Noise detection algorithms for both the presence
and severity of sensor noise may be used to influence the
acceptable range of BG values (either widening or narrowing
the range). For example, if a certain level of signal artifacts is
not detected in the sensor data, then the EGV's are determined
to be reliable. As another example, if a certain level of signal
artifacts is detected in the sensor data, then the reference
glucose data may be determined to be reliable. Additionally
or alternatively, when a predetermined level of noise (or sig-
nal artifacts) in the sensor data is detected, the CGM module
208 (and/or sensor electronics of the CGM device) may indi-
cate no BG value is acceptable until the level of noise (signal
artifacts) drops below a second predetermined level. In some
embodiments, if noise is detected when an input BG value is
rejected, the CGM module 208 may produce an output in the
form of a prompt to the smartphone’s display 222 suggesting
that the user wait a few minutes to recalibrate to provide an
opportunity for the noise to dissipate.

[0152] Example methods of compensating for time delays
include knowledge of physiological delays, inherent device
delays, and a current level of filtering (related to noise detec-
tion). Each of these can be used to estimate an approximate
time lag between the input BG value and a last EGV. Then a
predictive algorithm could be applied to generate a center of
the acceptable range. For example, if a trend indicates that
glucose is rapidly falling, then the center of the range would
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be lower than the current value. A confidence interval could
be applied to the prediction, or assigned based on the rate of
change, to determine how wide or narrow the range should be.
[0153] In some embodiments, a measured rate of change
itself could be used to widen/narrow the acceptable range. A
direction of glucose change could also influence whether one
boundary is stricter than the other. For example, if glucose
was falling then the lower boundary could be £X % while the
upper boundary could be £Y %, where X>Y, and the current
EGYV is the center of the range.

[0154] Certain of the present embodiments may also con-
sider factors associated with clinical and/or statistical mea-
sures that evaluate the goodness of fit of matched data pairs as
compared to predetermined acceptable boundaries (e.g.,
delineated by acceptable slopes and baselines) and/or a
matched data pair as compared to a regression of a plurality
matched data pairs (e.g., in a calibration set). For example, by
evaluating the most recent sensor count value (uncalibrated
sensor data) with the matched pairs that form a calibration set,
(all or some component of them, such as the most recent
matched pair only) a range of acceptable matched BG values
for that uncalibrated sensor value that would not cause the
calibration line (regression line formed from calibration set
and optionally other parameters) to fall outside of the prede-
termined acceptable boundaries (e.g., delineated by accept-
able slopes and baselines) could be used to further widen or
narrow the range of acceptable max/min BG values allowed
to be entered.

[0155] One advantage of the foregoing embodiments for
determining whether an input BG value falls within an
acceptable range is that the user is given immediate feedback
as to whether or not their calibration BG value is accepted.
The user thus does not receive a surprise alert that they need
to redo their calibration, which alert may come many minutes
later after the user has put his or her BG meter away, and
which alert the user may miss because he or she is not expect-
ing to take another BG value for several more hours. Another
advantage is that the number of erroneous BG values
accepted for calibration is limited so that accuracy of the
sensor is improved.

[0156] In various other embodiments, the CGM module
208 may compensate for the delay in communication
between the sensor electronics and the CGM module 208 by
displaying an input BG value in a unique way until a new
EGV is received from the sensor electronics. For example, the
CGM module 208 may receive as an input a BG value. During
the interval between the time that the BG value is input and
the time that the sensor electronics provides an updated EGV,
the CGM module 208 may produce as an output the input BG
value, which is displayed on the display 222 of the smart-
phone 202 with a unique identifier so that the user under-
stands that the value displayed is the BG value that was just
input, and not an updated EGV. For example, the input BG
value could be displayed in a different color or different
shape, or it could blink on and off, or it could include addi-
tional text and/or symbols indicating that it is a BG value, etc.
The BG value would continue to be displayed in the unique
manner until the CGM module 208 receives as a further input
the updated EGV from the sensor electronics. The CGM
module 208 would then produce an output in the form of the
updated EGV, which would replace the BG value on the
smartphone’s display 222.

[0157] In various other embodiments, the CGM module
208 may compensate for the delay in communication
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between the sensor electronics and the CGM module 208 by
displaying an estimated next EGV until an updated EGV is
received from the sensor electronics. For example, the CGM
module 208 may receive as an input a BG value. The CGM
module 208 may process the input BG value by calculating an
estimate for a next EGV based on the input BG value and the
most recent EGV. During the interval between the time that
the BG value is input and the time that the sensor electronics
provides an updated EGV, the CGM module 208 may pro-
duce as an output the estimated next EGV, which is displayed
on the display 222 of the smartphone 202. The estimated next
EGV would continue to be displayed until the CGM module
208 receives as a further input the updated EGV from the
sensor electronics. The CGM module 208 would then pro-
duce an output in the form of the updated EGV, which would
replace the estimated next EGV on the smartphone’s display
222.

[0158] Insulin Dosage Recommendation

[0159] In certain embodiments the CGM module 208 may
comprise a bolus and/or basal insulin calculator that receives
as an input information about food consumed or soon to be
consumed, and an input from a CGM, and provides as an
output an insulin bolus recommendation. In some embodi-
ments, the insulin calculator uses inputs derived from auxil-
iary interfaces described elsewhere herein. The insulin calcu-
lator may take into consideration a rate of change, a trend,
and/or directional information regarding the user’s recent
EGV’s in the calculation of a dosing recommendation. In
some embodiments, the bolus calculator may be configured to
calculate a bolus recommendation based on 1) a current glu-
cose value, 2) estimated meal information, and 3) rate of
change, trend, and/or directional information. The output
from the CGM module 208 may take the form of a numerical
value displayed on the display 222 of the smartphone 202
and/or a transmission to an insulin delivery device.

[0160] In addition to real-time processing, retrospective
analysis of one or a plurality of data sets (e.g., from one or a
plurality of sensor sessions) can be useful in analyzing and
understanding a user’s unique diabetes information (e.g.,
blood glucose data over time). Thus, in some embodiments
the CGM module 208 may be programmed with a series of
therapy adjustment recommendation criteria that can be
selected and/or deselected by the user, wherein the CGM
module 208 is programmed to run the selected criteria against
continuous glucose sensor data and provide highlighted prob-
lem areas and/or areas for target or focus. Thus, the CGM
module 208 would receive as an input CGM data, process that
input by applying the selected therapy adjustment recommen-
dation criteria, and produce an output, which may be recom-
mendations shown on the display 222 of the smartphone 202.
In one example embodiment, a criterion is configured to
evaluate overnight CGM data (e.g., glucose values, highs,
lows, time spent above a target, time spent below a target, rate
of change, glycemic variability, euglycemia, hypoglycemic
events, and/or hyperglycemic events), whereby the CGM
module 208 is programmed to recommend an adjusted basal
insulin rate in response thereto. The information could be
highlighted on a screen of data, provided as text-based tips,
etc.

[0161] Referring again to retrospective analysis of CGM
data, in some embodiments the CGM module 208 may be
programmed to display 222 improvement information on the
smartphone display 222 (e.g., graphs or charts). The improve-
ment information may be indicative of a reduction in the
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number of hypoglycemic events, a reduction in time spent in
hypo- or hyperglycemic regions, an increase in target and/or
a reduction in glucose variability, for example. Improvement
information can be presented for a variety of different time
periods, for example, a day, a week, a month, or more. Inthese
embodiments, the CGM module 208 would receive as an
input retrospective data regarding a user’s EGV history, pro-
cess that data by identifying trends that indicate improve-
ment, and generate an output such as text or graphical infor-
mation on the smartphone’s display 222.

[0162] Alerts

[0163] Certain of the present embodiments relate to alerts
provided to the user. For example, in certain embodiments,
the CGM module 208 reduces the number of false alerts,
provides alerts for certain events that are not typically pro-
vided for, provides a mechanism for customizing character-
istics of alerts, provides a mechanism for overriding alert
settings, and provide reminders to the user to perform certain
tasks. Accordingly, certain of the present embodiments lever-
age the capabilities of smartphones 202 to provide the fore-
going functionalities.

[0164] Insome smartphone radio protocols, for example, a
parameter that can be used in device pairing is the master
device ID. In order to establish a communication channel, the
master transmitter broadcasts its device 1D (along with some
other information) in a beacon, and the receiver checks
received beacons for the presence of the device ID of the
transmitter with which it wants to communicate.

[0165] Although the master device ID provides some level
of security, in that a slave device can be programmed to
communicate only with a master device having a particular
device ID number, additional security can be useful in some
embodiments. To provide additional security, some embodi-
ments can use two pieces of information to pair a receiver
with a particular transceiver device. These two pieces of
information include the device ID described above and
another value that is referred to herein as a sensor security
code. The device ID is used as described above to filter receipt
of non-matching messages at the lowest layer of the radio
protocol stack of the smartphone. The sensor security code is
used for a key-based authentication scheme at the software
application layer of the system. In some embodiments, both
the device ID and the sensor security code can be derived
from an identifier (e.g., a manufacturer’s serial number) asso-
ciated with the CGM device per the description below. In
some embodiments, the identifier may be etched into, printed
on or otherwise attached to a housing of the sensor electronics
(transmitter) of the CGM device.

[0166] In some embodiments, the sensor electronics of the
CGM device is paired with the smartphone, thereby estab-
lishing and enabling one- or two-way communication
between the CGM device and the CGM module. In various
embodiments, the CGM module 208 may provide to the user
an immediate notification regarding pairing the smartphone
with the CGM device, and a later alert when pairing is com-
plete. For example, current CGM’s typically take five min-
utes or more to complete pairing, and during this interval the
user is unaware of whether the pairing is successful, which
can lead to user confusion. One of the present embodiments
provides the user with an immediate notification that pairing
may take up to a certain amount of time to complete, such as
up to fifteen minutes. When pairing completes, the CGM
module 208 provides the user with an alert notifying him or
her that pairing is complete. In these embodiments, the CGM
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module 208 receives as an input a notification that pairing is
in process from the transmitter and/or smartphone. The CGM
module 208 processes the input by accessing a stored notifi-
cation of how long the pairing process may take to complete.
The CGM module 208 then provides an output to the user of
an indication of how long the pairing process may take to
complete. The output may be text shown in the smartphone’s
display 222, and/or a voice response delivered through one or
more speakers of the smartphone 202. When pairing com-
pletes, the CGM module 208 receives as an input a notifica-
tion from the sensor electronics that pairing is complete. The
CGM module 208 processes the input by accessing a stored
notification of pairing completion, and provides an output to
the user of an indication that pairing is complete. The output
may be text shown in the smartphone’s display 222, and/or a
voice response delivered through one or more speakers of the
smartphone 202.

[0167] In various other embodiments, the CGM module
208 may synchronize the form of CGM alerts, settings,
modes and/or profile with the ringer setting on the smart-
phone 202. For example, most smartphones 202 have a
mechanism that enables the user to choose between audible
tones for incoming calls/texts/etc., and vibrate mode or silent
mode in which the phone only vibrates or does nothing in
response to incoming calls/texts/etc. When the user switches
the smartphone 202 from one mode to another, the CGM
module 208 may receive as an input a notification of the
change and automatically change the alerts associated with
the CGM module 208 to the corresponding setting. The pro-
cessing performed by the CGM module 208 on the input may
be accessing individual alert settings, modes and/or profiles
associated with the corresponding setting, and the output may
be to an alert module with a notification to change its settings.

[0168] In various other embodiments, the CGM module
208 may enable a user to override various settings. For
example, some users want the capability to override default
alert settings of their devices, while other users do not. To
meet the needs of both of these types of users, the present
embodiments of the CGM module 208 may default to a first
set of alert thresholds, but in a nighttime profile the user has
the option to override the alert thresholds and specify their
own custom thresholds. The custom threshold selection
options don’t appear unless the user selects an option to make
them appear, such as by checking a box. The nighttime profile
options are thus kept simple for those users who want a simple
interface, but more advanced users have access to the more
advanced options that they desire. In these embodiments, the
CGM module 208 may receive as an input a user selection to
enable advanced features. The CGM module 208 processes
the input by enabling additional selections, modes, thresholds
and/or options that would not otherwise be visible or enabled
(by default) to a user, and produces an output, which is a
signal to a feature module to unlock advanced features.

[0169] In various other embodiments, the CGM module
208 may time stamp or otherwise tracks how often a user
looks at his or her historical blood glucose data, and provide
a reminder if the user has not checked his or her historical
blood glucose data for a given amount of time. In these
embodiments, the CGM module 208 receives as an input a
request from the user to display 222 his or her historical blood
glucose data. The CGM module 208 processes the input by
time stamping it, and produces an output, which is to set a
timer to count for a predetermined length of time correspond-
ing to a recommended maximum amount of time between
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user checks of historical blood glucose data. If the timer
reaches the predetermined length of time before the user
again checks his or her historical blood glucose data, the
CGM module 208 determines that the timer has reached the
predetermined length of time. The CGM module 208 then
produces an output, which is a reminder to the user to check
his or her historical blood glucose data. The output may be
text shown in the smartphone’s display 222, and/or a voice
response delivered through one or more speakers of the
smartphone 202.

[0170] In various other embodiments, the CGM module
208 may use a predictive algorithm to predict future glucose
values, where the algorithm’s parameters are fixed, rather
than user-settable. Examples of parameters that may be fixed
are prediction horizon and alert threshold. This predictive
alert can be used in conjunction with a threshold alert (the
user can still set the threshold value for this alert) with the goal
of providing patients with sufficient warning time to avoid a
hypoglycemic event without generating an excessive number
of'additional alarms. This prediction scheme can also be used
to generate alerts for hyperglycemia, and to determine when
to shut off insulin in a low glucose suspend type of device.

[0171] In various other embodiments, the CGM module
tracks patterns of when a user manually changes modes or
settings, and, upon finding a pattern automatically, or based
on response to prompts, modifies profiles accordingly. For
example, if the user regularly changes their hypoglycemic
alarm thresholds at 9 PM, the CGM module may ask the user
whether they would like to set up a night time profile to
include their regular nighttime hypoglycemic alarm.

[0172] In various other embodiments, the CGM module
208 may provide alerts that are discreet, customizable, awak-
ening, friendly, safe, and/or acknowledgeable. The alerts are
adaptable to certain conditions such as day, sleep, school/
work, noisy environment, etc., and the user may add as many
alert profiles (day, sleep, meeting, etc.) as needed. Each pro-
file allows the user to turn on/off the desired alerts, and to
customize the alerts according to preference. The sleep pro-
file can be customized to tell the smartphone 202 when the
user is going to sleep and/or waking up, set a duration for
sleep, detect when the user wakes up (in conjunction with the
activity monitor), synchronize with alerts external to the
CGM module 208, etc. Each profile can be synchronized with
the smartphone 202’s timekeeping/scheduling module. For
example, certain alerts may be silenced when the timekeep-
ing/scheduling module indicates that the user is busy, such as
in a business meeting.

[0173] FIGS. 13A-13D are screenshots of a smartphone
display 222 illustrating example embodiments of interfaces
for customizing alerts. For example, FIG. 13A illustrates a
profile selection menu, where the user may choose from
various profiles (Day, Sleep, Meeting, Noise, etc.) to custom-
ize. FIG. 13B illustrates a sleep alarms settings menu, where
the user may designate the criteria for when an alert should be
provided. In the illustrated embodiment, an alert would be
provided when the user is sleeping and his or her blood
glucose goes outside of the designated range (75-120 mg/dL
in the illustrated example). FIG. 13C illustrates a sleep rules
menu, where the user may designate when he or she is going
to sleep and/or waking up, set a duration for sleep, detect
when the user wakes up (in conjunction with the activity
monitor), etc. FIG. 13D illustrates a sleep low alarm menu,
where the user may designate what tone/song should be
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played for a low blood glucose condition, and where the alert
should be sent (to the parent’s device in the illustrated
example).

[0174] In various other embodiments, the CGM module
208 may provide a predictive alert on the smartphone’s dis-
play 222 when a severe hypoglycemic event is predicted to
occur in the near future. For example, the predictive alert may
be shown when a severe hypoglycemic event is predicted to
occur within 5 minutes, 10 minutes, 15 minutes, 20 minutes,
30 minutes, etc. With reference to FIG. 14, an arrow 1400 may
be displayed on a trend screen pointing towards a BG value
1402 that indicates a severe hypoglycemic event, such as 55
mg/dl. The arrow 1400 may change color as it transitions
from euglycemia to hypoglycemia, to emphasize the change
in glucose levels that is expected. Furthermore, the arrow
1400 may be animated to flash to emphasize the seriousness
of the alert. The display may also show text 1404, such as
Going LOW. This predictive alert may be configured to be
prioritized over (override) whatever mode or application the
smartphone 202 is in at the time the CGM module 208 deter-
mines that a severe hypoglycemic event is predicted to occur.
In other words, the alert will interrupt whatever is currently on
the smartphone’s display 222.

[0175] In these embodiments, the CGM module 208 may
be programmed with a blood glucose value corresponding to
athreshold below which the user is considered to be hypogly-
cemic. As the CGM module 208 receives as inputs multiple
EGV’s at time-spaced intervals, it processes the inputs by
comparing each one to the programmed value, and also to
previously received EGV’s. If the user’s blood glucose shows
adownward trend, and is approaching the programmed value,
the CGM module 208 outputs an alert such as the one shown
in FIG. 14 to the smartphone’s display 222. The user thus
receives an advance warning of a potential hypoglycemic
event, so that he or she can take appropriate action to avoid the
hypoglycemic event.

[0176] In various other embodiments, the CGM module
208 may change the color of the display 222 to reflect the
user’s current blood glucose level. For example, the user’s
EGV may be displayed on the screen as a number, as a trend
graph, a horizontal bar graph, etc. The text and/or background
on the display 222 may change when the user’s current blood
glucose level transitions from one state to another. For
example, the text/background may show a first color, such as
green, if the user’s blood glucose is within a healthy range,
and a second color, such as red, if the user’s blood glucose is
low or high. Alternatively, a first color may be used for the
healthy range, a second color for low, and a third color for
high. Further, when in the low or high range, as the user’s
blood glucose becomes increasingly lower or higher, the
intensity of the color may increase. The text/background may
also flash, with the frequency of the flashing increasing as the
user’s blood glucose becomes increasingly lower or higher.
[0177] In these embodiments, the CGM module 208 may
be programmed with blood glucose values corresponding to
low and high threshold BG values. As the CGM module 208
receives as inputs multiple EGV’s at time-spaced intervals, it
processes the inputs by comparing each one to the pro-
grammed values. Ifthe user’s blood glucose value crosses one
of'the thresholds, the CGM module 208 outputs an alert to the
smartphone’s display 222 in the form of changing the color of
the text and/or background. If the user’s blood glucose value
continues to become increasingly low or high, the CGM
module 208 produces additional outputs, such as increasing
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the intensity of the color and/or causing the text/background
to flash. These additional outputs may be generated in
response to the CGM module 208 comparing input EGV’s to
additional programmed threshold values.

[0178] In various other embodiments, the CGM module
208 may use iconography and/or alert symbols that reflect
real time data. For example, the user’s blood glucose becomes
low, an icon on the smartphone 202 may show an image of the
user’s BG trend graph using actual data points from EGV’s.
The input-processing-output for this embodiment would be
substantially the same as that for the previous embodiment.
[0179] Withextremely low blood glucose, a personcanlose
consciousness. Thus, in certain of the present embodiments,
ata predetermined level or event (low glucose level, no button
pressing after alert, etc.) that might signify a loss of con-
sciousness, the CGM module 208 may go into an emergency
response instruction mode. This mode may include an alarm
to alert others in close proximity to the user that something is
wrong. For example, step-by-step instructions on how to
assist the unconscious user may be shown on the smart-
phone’s display 222, such as administering glucose tabs or
another form of carbohydrates, calling an ambulance, etc.
[0180] In these embodiments, the CGM module 208
receives an input from a CGM, which is the user’s EGV. The
CGM module 208 processes the input by comparing it to one
or more threshold values, and determines that the user’s blood
glucose is low. The CGM module 208 produces an output in
the form of an alert. If the user does not respond to the alert by
pressing a button or an area on a touchscreen display 222, for
example, the CGM module 208 determines that the user may
be unconscious, and produces another output in the form of
the emergency response instruction mode discussed above.
[0181] In various other embodiments, the CGM module
208 may provide differentiated visual high/low thresholds
versus alert thresholds. For example, the CGM module 208
may be programmed with low and high blood glucose thresh-
olds. These thresholds may be shown on ablood glucose trend
graph on the display 222 as horizontal lines that the user
should strive not to cross. Ordinarily, crossing either of the
lines might generate an alert. However, excessive alerts can
be annoying to the user, and can decrease patient compliance.
Thus, in the present embodiments the visual high/low target
range boundaries shown on the graph may be different from
boundaries that generate an alert. For example, the bound-
aries that generate an alert might be wider than the visual
target range threshold boundaries on the display 222, and the
boundaries that generate an alert may be hidden from view.
This configuration gives the user a little bit of a buffer zone to
cross either of the visual boundaries without generating an
alert. Alternatively, the boundaries that generate an alert
might be visible, but distinguishable from the target range
boundaries. Examples of visual distinctions include different
colors, flashing vs. static, solid vs. dashed, different line
weights, an alarm icon adjacent the alarm lines, etc. In some
embodiments the high/low target boundaries may always be
displayed, but the alert boundaries may be shown or notbased
on a user setting, a mode (e.g. silent), thresholds, etc.

[0182] Invarious otherembodiments, a user interface of the
CGM module 208 may be the first thing that the user sees
when he or she activates the smartphone’s display 222. For
example, many smartphones 202 automatically put the dis-
play 222 to sleep when no activity is detected for a predeter-
mined amount of time. This measure saves battery power. To
reactivate the display 222, the user must press a button on the
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smartphone 202. In certain of the present embodiments, when
the user reactivates the display 222, the first thing he or she
sees is the user interface of the CGM module 208. In these
embodiments, the CGM module 208 receives as an input a
notification that the display 222 has entered sleep mode,
followed by a later notification that the display 222 has been
reactivated. The CGM module 208 processes these inputs and
produces as an output a display 222 of the user interface of the
CGM module 208 on the smartphone’s display 222.

[0183] Display 222

[0184] Certain of the present embodiments provide
enhancements to information that the CGM module 208 dis-
plays on the smartphone’s display 222. For example, with
reference to FIG. 3A, in various embodiments the CGM
module 208 may display a trend graph of the user’s historical
blood glucose data. The trend graph may include a macro
trend graph 306, which may display the user’s blood glucose
data for the past week, month, etc. A sliding bar 308 on the
macro trend graph 306 may highlight a portion of the graph
306 that is displayed on a micro trend graph 310. By sliding
the bar 308 left or right, the user may select a desired window
of time to display on the micro trend graph 310. For smart-
phones having a touchscreen display, the user may slide the
bar left or right by placing his or her finger on it and moving
left or right. The data displayed on the micro trend graph 310
would adjust as the position of the bar 308 changes.

[0185] A width of the bar 308, and hence a length of the
window of time displayed on the micro trend graph 310, may
be adjusted by selecting one of a plurality of time select icons
311. In the illustrated embodiment, the time select icons 311
may include windows of 1 hour, 3 hours, 6 hours, 12 hours, 24
hours, etc. If the user changes the scale of the macro trend
graph 306, the values of the time select icons 311 may change
by a corresponding factor. For example, in the illustrated
embodiment one week of data is shown on the macro trend
graph 306, and the time select icons 311 include windows of
1 hour, 3 hours, 6 hours, 12 hours and 24 hours. If the user
adjusts the view to show two weeks of data (factor of two
increase), the values of the time select icons 311 may also
increase by a factor of two, i.e. 2 hours, 6 hours, 9 hours, 24
hours and 48 hours.

[0186] With a smartphone 202 having a touchscreen dis-
play, when the user touches the micro trend graph 310 with his
or her finger at a first point 312, it shows the blood glucose
value at that point 312, or at the point that most closely aligns
with the user’s finger in the vertical direction. If the user slides
his or her finger right or left, the displayed value changes as
the user’s finger lines up with different data points. The user
can thus look at any desired data point on the graph. In these
embodiments, the CGM module 208 receives as an input a
location of where on the touchscreen the user has placed his or
her finger. The CGM module 208 processes the input by
determining which data point on the graph most closely
aligns with the user’s finger. The CGM module 208 then
produces an output by displaying the value of the determined
point on the smartphone’s display 222 (230 mg/dL in FIG.
3A).

[0187] In various other embodiments, the CGM module
208 may show a magnitude of a change in blood glucose
between two points on the micro trend graph 310, and/or a
rate of change between the two points. For example, if the
user touches the graph at two points 314, 316 simultaneously,
using two fingers, the change/rate of change in blood glucose
between the points that most closely align with the user’s



US 2014/0012118 Al

fingers is displayed. In these embodiments, the CGM module
208 receives as an input location of where on the touchscreen
the user has placed his or her two fingers. The CGM module
208 processes the input by determining which data points on
the graph most closely align with the user’s fingers. The CGM
module 208 then produces an output by displaying the
change/rate of change in blood glucose between the deter-
mined points on the smartphone’s display 222 (185 mg/dL
and 150 mg/dL/hr in FIG. 3A).

[0188] In various other embodiments, the CGM module
208 may include a specialized menu of the actions that are
most commonly performed, and this menu may be accessible
from the default screen of the user interface of the CGM
module 208. Example actions include changing an alarms
profile, logging events (insulin, meal, etc.), calibrating, view-
ing/hiding events, social sharing, counting down to a next
event (as described above with respect to the timekeeping/
scheduling module), etc. Grouping the most common actions
together in one convenient location saves the user time. In
some embodiments, the menu enables one-click access to
screens that traditionally require navigation through multiple
screens and therefore result in poor user compliance.

[0189] In various other embodiments, the CGM module
208 may extend the blood glucose trend graph into the future
and show a range of possible future glucose values. For
example, the graph may extend fifteen minutes into the future,
and show a range of possible future blood glucose values
during that fifteen minutes. This embodiment increases the
user’s understanding of future trends for improved blood
glucose control. This concept is further described in U.S.
Patent Application Publication No. 2005/0203360, which is
incorporated herein by reference in its entirety.

[0190] In various other embodiments, a trend graph dis-
played by the CGM module 208 is color coded. For example,
with reference to FIG. 15, the color of the graph 1500 (either
the trend line 1502 or the background 1504) may be green if
within a target range, yellow if £10% outside the target range,
orange if £15% outside the target range, and red if +20%
outside the target range. A trend arrow 1506 may be similarly
color coded, and the angle at which the trend arrow 1506 is
oriented may correspond to the actual rate of change of the
user’s glucose, i.e. a more horizontal arrow indicates a low
rate of change, while a steeply sloping arrow indicates a high
rate of change. In these embodiments, the CGM module 208
receives as inputs continuous EGV’s from a CGM. In some
embodiments, the rate of change is calculated by the CGM
device and sent to the CGM module 208 for display (e.g.,
determination of how to display and resulting display),
although the CGM module 208 may also perform rate of
change calculations. The rate of change based on a linear or
non-linear function is applied to a window of recent sensor
data. In some embodiments, the rate of change calculation
comprises calculating at least two point-to-point rate of
change calculations, and wherein the rate of change calcula-
tion further comprises adaptively selecting a filter to apply to
the point-to-point rate of change calculation based at least in
part on a level of noise determined. The CGM module 208
outputs these values as data points on the trend graph 1500 on
the display 222 and also updates the value 1508 shown in the
box containing the user’s most recent EGV. If the user’s blood
glucose is dropping, the CGM module 208 outputs this infor-
mation by orienting the arrow 1506 downward, while if the
user’s blood glucose is rising the CGM module 208 outputs
this information by orienting the arrow 1506 upward. In some

Jan. 9, 2014

embodiments, the trend arrow is located on the end of the
trend graph (e.g., rather an in a separate box/area).

[0191] In certain embodiments, a size of the value 1508
shown in the box containing the user’s most recent EGV may
change size depending on how far off the user is from their
target zone. For example, as the user’s glucose gets farther
and farther away from the target zone, the number could get
bigger and bigger. This amplification could be one directional
or either direction, meaning the EGV displayed on the trend
graph could get bigger and bigger if it’s outside the target
range in either direction or only get bigger and bigger if it’s
outside the target range on the low side (e.g. hypo)). The same
applies to the trend arrow 1506. With reference to FIG. 15A,
the trend arrow 1506 could be drawn large enough to fit the
EGV 1508 inside the arrow 1506. The layout of the trend
arrow 1506/EGV 1508 in FIG. 15A may be used indepen-
dently of the foregoing embodiment in which the size of the
trend arrow 1506/EGV 1508 changes dynamically as the
user’s glucose changes.

[0192] Invarious other embodiments related to that of FIG.
15, rather than using a hard threshold for the transition from
one color to the next, the display could instead show a gradi-
ent type of trend graph. That is rather than transitioning
directly from green to yellow as soon as the user’s glucose
hits the threshold of, say +10% outside the target range, the
display would instead gradually transition from green to yel-
low as the user’s glucose moves away from the target range
toward the established threshold. Thus, at £5% outside the
target range, the display would show a color between green
and yellow, with the color becoming gradually more yellow
as the user’s glucose moves through +6% outside the target
range, 7% outside the target range, +8% outside the target
range, etc. FIG. 16 illustrates examples of a color gradient
1600 that could be used in connection with this embodiment.
As the user’s glucose moves farther away from the target
range, the color transitions gradually through the colors on
the gradient 1600.

[0193] In various other embodiments, illustrated in FIG.
17, information is displayed to the user as text rather than in
graphical form. In the illustrated embodiment, the text is
formatted to resemble a string of text messages 1700 (e.g.,
short message service (SMS)), which is a presentation that is
familiar to many users. Some users may not be comfortable
with, or able to understand information presented in graphical
form. Thus, the format of FIG. 17 may be better suited to these
users. Each text message 1700 may or may not include a
timestamp. Examples of short messages that could be shown
to the user include, “Your glucose is 125 mg/dL. and on the
rise (12:30)” or “It looks like you are going to go low in 10
minutes (10:45)”. In some embodiments, if the user touches
any of the messages 1700, a popup window may enable the
user to post that message 1700 to a social media site.

[0194] In various other embodiments, the CGM module
208 may compute user success metrics and display 222 them
to the user and/or provide alerts. For example, the success
metrics may include a percentage of counts captured, a per-
cent distance from a midpoint of a target range of blood
glucose, a percentage of times that the user calibrated the
sensor within a predetermined amount of time from a
reminder to calibrate, a percentage of a session completed,
time spent in hypo during nighttime, SMBGs within the target
glucose, a number of times the user looked at his or her trend
graph, how quickly a user acknowledged an alert (e.g. low
glucose), etc. This concept is further described in U.S. Patent
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Application Publication No. 2011/0004085, which is incor-
porated herein by reference in its entirety. Some metrics are
more indicative of successful use of CGM than others (e.g.
time spent in target zone), thus each of the foregoing metrics
could be weighted in an analysis that provides the user with
additional information. For example, logistic regression
could be used. An example of logistic regression is in the
diagnosing of heart disease. So if the subject is a smoker,
doesn’t work out, is X years old, has a family history of the
disease, then it’s X % likely that he or she will have heart
disease. Success metrics may be calculated by the CGM
module 208 locally on a smartphone and/or in the cloud.
Additionally or alternatively, success metrics can be reported
to another device (e.g., to a parent’s device), to a social
networking site (e.g., Facebook), or to a .pdf report for a
medical record. In some embodiments, the success metric
may be used in a gaming manner wherein CGM users may
compete within the CGM module 208 and/or on a network
against a computer game or another CGM user. Competing
with CGM based data is described in more detail elsewhere
herein.

[0195] In various other embodiments, the CGM module
208 may display 222 the user’s blood glucose dynamic trend
graph as wallpaper in the background of the smartphone’s
display 222. The wallpaper may display every time the user
wakes up the smartphone. Further, through the use of e-ink
type technology, the smartphone can seem as if it is always on
and always displaying the trend graph. For example, smart-
phones typically enter sleep mode after a preset interval. That
is, the display automatically shuts off to conserve power when
the device is not being used. In these embodiments, when the
smartphone would normally shut off, the display may switch
to the home screen trend graph. Whenever the CGM module
208 gets additional information from the transmitter 104, the
home screen could refresh. As long as the refresh interval is
shorter than the interval for entering sleep mode, the trend
graph always appears. Advantageously, e-ink technologies do
not require power to keep a fixed image on the display. Thus,
this embodiment would not drain the smartphone’s battery.

[0196] In various other embodiments, the CGM module
208 may detect that the user is holding his or her finger down
on an individual point on the trend graph, which is displayed
on the smartphone’s display 222. The CGM module 208 may
then enable certain options, such as coloring the designated
point differently, attaching notes to the designated point,
event information, sensor data information or other informa-
tion. Anything stored in connection with that point in time can
be displayed. Also, certain options may be displayed, such as
sharing information associated with that point on a social
network, etc. If the user acts on the point, the CGM module
208 may automatically color code that point and save what-
ever action the user took. When the user downloads stored
data from the smartphone, he or she can see what they did
with respect to certain points. The CGM module 208 may also
keep a log of the user’s actions on points, and possibly a
screen shot of a given amount of time, such as +3 hours, or
give the user the option of how much data they want to store
regarding a given point. In certain embodiments an algorithm
may detect major changes in glucose (e.g. 100 mg/dl to 250
mg/dl in an hour), and an alert to the user may ask ifhe or she
would like to write notes on this event. The actions in the
foregoing paragraph would then be performed.

[0197] In certain embodiments, the display 222 may be
interactive. For example, with reference to FIG. 3A, the trend
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graph 310 may include one or more boundary lines 318. The
boundary line 318 may indicate a high or low glucose level. If
the user touches the boundary line 318, a popup bubble (not
shown) may appear that explains what the boundary line 318
is, and/or indicates what the numerical value of the boundary
line 318 is. The popup bubble may also ask the user if he or
she wants to move the boundary line, e.g. raise or lower the
glucose level at which the boundary line 318 appears.
[0198] Instill further embodiments including an interactive
display 222, one or more icons may appear on the trend graph
310. For example, certain events may be indicated along the
curve withicons. Ifauser eats ameal at 6:00 PM, for example,
he or she may enter information about that meal and an icon,
such as a knife and fork, may then appear on the curve at 6:00
PM. Ifthe user touches the icon, the information that he or she
entered about the meal may appear in a popup bubble, oron a
separate screen, for example. In general, information appear-
ing on the trend graph 310 as icons may be derived from input
data and processing, and the user can touch the various icons
to get more detail about each event.

[0199] Instill further embodiments including an interactive
display 222, a status icon may be shown on the display 222.
The status icon may appear on the screen that shows the trend
graph 310. Alternatively, the status icon may appear on all
screens associated with the CGM module 208, e.g., whatever
screen the user navigates to, the status icon will appear some-
where. The status icon, when selected, may provide a shortcut
to outstanding actions that the user may have skipped. For
example, the user may have skipped a calibration. Selecting
the status icon will remind the user that he or she was sup-
posed to have performed a calibration at XX:XX AM/PM.
[0200] Upgrading Smartphone 202 Operating System
[0201] In some embodiments, smartphone 202 may use a
commercially available operating system in addition to CGM
module 208. As a non-limiting example, smartphone 202 may
be an iPhone® commercially available from Apple, Inc. and
run an version of the iOS® operating system also commer-
cially available from Apple, Inc. CGM module 208 can be
software contained in an App downloaded from iTunes®,
also commercially available from Apple, Inc. From time-to-
time, Apple may release a new version of the i0S, and a user
may want to upgrade a current version resident on smart-
phone 208 to the upgraded version. However, the new version
of i10OS may contain changes that cause some or even all
features of CGM module 208 to not work.

[0202] In some embodiments, CGM module 208 can ini-
tiate an alert to a user over the smartphone 202 as to whether
the new OS version will work with the CGM module prior to
the user using (e.g. downloading and installing) the new ver-
sion of the operating system. Further, it has been recognized
that a new version of an operating system may be released
with little notice. Thus, it may be difficult to know with
enough lead time whether the new version of the operating is
compatible with the CGM module 208. Thus, CGM module
208 can also initiate an alert to the user over the smartphone
202 to delay using the new version of the operating system
until compatibility has been determined.

[0203] Inaddition, a new version of CGM module 208 may
be available for the user to download. CGM module 208 can
initiate an alert to the user over smartphone 202 as to the
availability of the new version of the CGM module 208 and
whether the new version of the CGM module 208 is compat-
ible with the current version of the operating system on smart-
phone 202.
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[0204] In some embodiments, CGM module 208 commu-
nicates with a remote server that contains information about
which versions of CGM module are compatible with which
versions of operating systems used by smartphone 202. The
communication between CGM module 208 and the remote
server can be via one or more communication networks, such
as cellular, Wi-Fi and the like. The communication can be
initiated programically by CGM module upon the occurrence
of a detected or monitored event, such as the expiration of a
predetermined period of time since a last communication, the
initiation of the CGM module 208 (e.g., opening an software
application comprising the CGM module), user initiation via
smartphone 202 (e.g., selection of a menu item on smart-
phone), upgrade of a new operating system on the smart-
phone, and the like. The CGM module can programically
transmit information about the current version of the CGM
module 208 and the current version of the smartphone’s oper-
ating system to the remote server. The remote server can then
compare the versions with a table stored in a computer
memory database of the remote server that contains a listing
of compatibility checks and actions associated with the com-
patibility checks. For example, if a version of the CGM mod-
ule 208 is not determined to not be compatible with the
version of operating system, the action can include sending
software instructions to the smartphone 202 to disable one or
more features of the CGM module 208 and/or send a notifi-
cation to the user over smartphone 202 that the versions are
not compatible and the user should change the version of the
CGM module and/or version of the operating system. The
notification can be by way of text message or can be by way
of a local notification from inside the CGM module 208 in
accordance with some embodiments.

[0205] Remote server can also proactively notify a user
about operating compatibility issues. Remote server can store
information about the current versions of CGM module 208
and operating system used by the smartphone 202. If a new
version of the operating system is being released that is
known to have compatibility problems with the version of
CGM module 208 on the user’s smartphone, then the remote
server can programically initiate transmitting a notification
(via text message or local message via CGM module) to the
user’s smartphone about what action to take. The action can
be one or more of not installing the upgraded version of the
operating system and installing an upgraded version of the
CGM module 208 prior to upgrading to the new version of the
operating system.

[0206] It has been recognized by the inventors, that a user
may not realize that the CGM module 208 is not working
properly due to anew version of an operating system (or other
software) running on the user’s smart phone in accordance
with some implementations. For instance, if the CGM mod-
ule 208 is not working properly, the user’s smartphone may
not be communicating with the remote server; thereby not
notifying the remote server of the change in operating system.
Accordingly, in some embodiments, remote server can moni-
tor the communication between the user’s smartphone and
the remote server and determine that the CGM module is not
working based on a lack of communication. In such an
instance, the server can initiate a notification to the smart-
phone (e.g., text message) that notifies the user that the CGM
module 208 may not be working and/or to change the version
of the CGM module or operating system so that the CGM
module will work.

[0207] Context-Sensitive Help

[0208] Insome of the present embodiments, context-sensi-
tive help is provided in areas that link to intra-CGM module
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208 help documentation. For example, if pairing between the
sensor and the smartphone 202 fails, the user can click a help
button within the CGM module 208 and it will load common
pairing mistakes to help the user correct his or her issue. In
these embodiments, the CGM module 208 receives as an
input a user command to display 222 a given help topic. The
CGM module 208 processes the input by accessing the
requested help topic, and outputs the help topic to the display
222. In a related embodiment, the help could be interactive,
such as an electronic chat. In these embodiments, the CGM
module 208 receives as an input a user command to open a
chat session. The CGM module 208 processes the input by
establishing a connection with a remote help center, and
produces an output in the form of a chat session. In some
embodiments, the CGM module processes the input by link-
ing to a training video or other media available online to assist
the user.

[0209] Shared Device

[0210] Some of the present embodiments include security
features so that a given user’s data is not shown to the wrong
person in the case of multiple people sharing a device. For
example, two family members may share the same smart-
phone 202. In this scenario, it is desirable to avoid showing
each family member data that belongs to other people that
share the device. One way the present embodiments avoid
showing data to the wrong person is that when the user
changes the pairing of the smartphone 202 to his or her
transmitter, the smartphone 202 only queries the database for
data associated with that transmitter. Thus, when either per-
son pairs their transmitter only their data is shown. The user
doesn’t need to stop and restart a sensor, they can instantly
re-pair.

[0211] Estimate of Future Glucose Level

[0212] In various other embodiments, the user may query
the CGM module 208 for an estimate of his or her future
blood glucose level. The nature of the query may be indepen-
dent of any preset limits or alerts, and may include the capa-
bility to provide inputs to the CGM module 208 to determine
the impact of those inputs on future potential prediction out-
comes. In one example, the user may want to know what
impact an action taken or about to be taken will have on their
blood glucose. If the user’s glucose is 150 mg/dL and rising
about 2 mg/dl./min, a prediction might show the user to be at
210 mg/dL in 30 minutes. But the user may query the CGM
module 208 with an input of taking insulin to find out that his
orher 30 minute prediction is now 190 mg/dL, thus indicating
that taking insulin was a good decision or that taking insulin
might be a good decision to mitigate a rising glucose level.
Other examples of actions that the user might input to the
CGM module 208 include eating (e.g. specific types of food),
exercising (e.g. specific exercises), etc.

[0213] In another example, it is 7:00 PM and the user’s
glucose level is approximately 200 mg/dL. The user is plan-
ning to go to bed at 10:00 PM, and wants to target having a
bedtime glucose of 120 mg/dL.. First the user can query the
CGM module 208 for a prediction of their 10:00 PM glucose
level, and then the user can further query the CGM module
208 for potential actions or input potential actions to see
which steps may help to achieve their target bedtime glucose
levels.

[0214] Inanother example, the user queries the CGM mod-
ule 208 for both bedtime and morning predicted glucose
levels. If the user has a goal of 120 mg/dL. for a 10:00 PM
bedtime and 80 mg/dL for a 6:00 AM morning glucose, the
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user can first see the prediction and then the user can further
query the CGM module 208 for potential actions or input
potential actions to see which steps may help achieve their
desired bedtime and morning glucose levels.

[0215] In the foregoing examples, the CGM module 208
takes as inputs the user’s EGV from a CGM, and the user’s
input(s) of actions taken or actions that the user might take.
The inputs might also include the user inputting a future time
at which the user wants to know his or her blood glucose. The
CGM module 208 processes the inputs by determining what
impact the user’s actions might have on his or her future blood
glucose. The CGM module 208 then outputs the user’s pre-
dicted blood glucose at the future time.

[0216] Insomeembodiments, an alert (hard or soft) can be
set as the target time approaches to indicate to the user
whether the prediction is still reasonable to support his or her
future blood glucose goal. The CGM module 208 may also
have a learning mode to see how planned actions and pre-
dicted results compared to actual future glucose levels.
[0217] The CGM module 208 of these embodiments may
further include a recommendation engine. That is, part of the
output from the CGM module 208 may be a recommendation
on how the user might achieve his or her target future glucose
level. For example, the CGM module 208 may take as an
input a user’s current glucose trend and/or a user’s planned
action, process the input(s) by projecting the user’s future
glucose level, and produce an output in the form of a recom-
mended action. The action may be, for example, to eat,
optionally including how much to eat, to take insulin, option-
ally including how much to take, etc. The user might then
input what, if any, action he or she took. If so, the recommen-
dation engine wouldn’t make new recommendations for a
certain period of time, in order to allow the previous action to
take effect.

[0218] Advantageously, the present embodiments enable a
user to better plan his or her day, night, or future glucose
states. Further, the feedback that the user receives from the
CGM module 208 can be potentially motivational to indicate
whether planned actions or actions already taken may have
the intended effect on future glucose levels. Still further, the
present embodiment is a great learning tool that enables the
user to see how various behaviors may impact glucose levels.
[0219] Data Integrity

[0220] Some users may want to see their glucose data from
multiple sources, but data integrity may be imperative in
some embodiments. Instead of sending glucose numbers to a
remote viewing device, the validated transmitting device
could send a screen shot or image of the information. In doing
this, only validation of the image would have to occur. For
example, when a user would like to send their data to a parent
or friend, who may also be a CGM user, it is important that
this other CGM user does not mistake their glucose data for
the friend’s or child’s glucose data. Accordingly, the screen
shot or image will appear distinct from a real-time CGM
screen, using differentiating features (color, font, back-
ground, demarcation, etc.) and/or merely by showing a cap-
tured image of a real-time screen. Standard validating tech-
niques normally used by a smartphone for processing images
may be used. One example of differentiating remote-moni-
tored data from a user’s own real-time data is by laying out the
screen differently, such as by putting the EGV and the trend
arrow on the opposite side of where they usually are. Addi-
tionally, or alternatively, an icon or a photograph of the user
may be provided somewhere on the screen.
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[0221] Store

[0222] Insome embodiments, the CGM module 208 deter-
mines whether support from or communication with the
manufacturer may be beneficial, for example in order to
upgrade the system, order supplies, request help, etc. In some
embodiments, the CGM module 208 can track how many
sensors have been ordered and used, and recommend or ini-
tiate reordering of new sensors. In some embodiments, the
CGM module can track sensor errors and upload data to a
technical support site for troubleshooting by the manufac-
turer. In some embodiments, the CGM module 208 can rec-
ommend accessories for a particular CGM user, for example,
can determine if a CGM user may like a skin of a particular
genre in line with their profile. In some embodiments, the
CGM module 208 may determine when a warranty period is
expiring and recommend or initiate an order. In some embodi-
ments, the CGM module 208 will determine when an upgrade
is available and initiate the upgrade process for the user. In
some embodiments, the CGM module 208 uses location
information to find a local sales person.

[0223] Upgradeable CGM Module

[0224] In any of the foregoing embodiments, the CGM
module 208 may be upgradeable. For example, the CGM
module 208 may be available for download from a remote
server in various formats. A basic CGM module 208 may be
free, or very inexpensive, to download, and may provide only
basic features, such as receiving data, displaying EGV, and
providing basic analysis (e.g. trends and simple alerts). One
or more advanced versions of the CGM module 208 may also
be available for download. The advanced version(s) would
provide more features, such as predictive alerts, advanced
statistics, therapy management tips, cloud features, degree of
confidence measures (reliability measures), difterent indica-
tion or use case, or any of the other aspects described herein.
The advanced version(s) may be available for direct down-
load from a remote server, or available only by prescription.
The advanced version(s) may also be available for purchase
on a subscription basis, such as monthly, or purchase for an
upfront lump sum. In addition, there may be multiple tiers of
advanced versions, with higher tier versions offering more
features. There may be options for rewarding the user by
opening up features of the CGM module 208 free of charge as
areward for good compliance, staying within BG limit goals,
etc.

[0225] With respect to the advanced version(s), the algo-
rithms may be executed by the sensor electronics 104. But,
depending on the version of the CGM module 208 being used,
the CGM module 208 will receive specific data to be dis-
played. For example, the CGM module 208 may have an
encrypted identification that is transmitted to the sensor elec-
tronics 104 before the user is allowed to access specific algo-
rithms and features.

[0226] Simplified Display

[0227] In any of the foregoing embodiments, the CGM
module 208 may provide a simplified display. For example,
with reference to FIG. 18, the display may not provide a
numerical glucose value. Instead, a bar 1800 moves up and
down in a column 1802 that has differently colored zones to
indicate the user’s glucose level. In some embodiments, a
lower zone 1804 may be colored red to indicate a hypogly-
cemic zone, a middle zone 1806 may be colored green to
indicate the target glucose zone, and an upper zone 1808 may
be colored yellow to indicate a hyperglycemic zone. The
location of the bar 1800 within the column 1802, and the
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corresponding color, indicates the user’s glucose level.
Beneath the column 1802, an arrow 1810 may be provided to
indicate the direction of a rate of change of the user’s glucose.
A predictive alarm may, for example, be indicated when the
arrow 1810 blinks and/or changes color, for example to red or
yellow, when the patient is predicted to cross into a hypo or
hyperglycemic zone.

[0228] The bar 1800 has width to indicate the range the
glucose is in. In this simplified version of CGM, the exact
value is no longer emphasized. A wide bar 1800 or gradient of
color indicates the range of glucose for the user. Using this
range indicator, accuracy can be calculated by whether the
true glucose is within the width of the bar 1800, improving the
reported accuracy of the device.

[0229] In certain embodiments, the column 1802 of glu-
cose information may be located on a front screen, or home
screen 1812, ofthe smartphone. The home screen 1812 shows
when the smartphone is first powered up, and when the dis-
play is reactivated after it has entered a sleep mode. By
swiping an unlock bar 1814 on the display (if it is a touch
screen), the trend graph 1816 shown in FIG. 19 is displayed.
The trend graph 1816 includes a background having similar
background coloration to the column 1802, but greater width.
A curve 1818 superimposed over the coloration indicates the
user’s glucose over time. This trend graph 1816 is similar to
those described above, such as with respect to FIG. 3A,
except that the user’s glucose is communicated using color
instead of numerical values.

[0230] FIGS. 20 and 21 illustrate another alternative way of
presenting direction or rate of change information. The
embodiment of FIGS. 20 and 21 is similar to that of FIGS. 18
and 19, except that the arrow 1810 is provided inside the
column 1802, rather than below the column 1802.

[0231] In some embodiments, a simplified display may be
limited to only several glucose monitoring-related items. The
items can consist of, for example, a numerical glucose value,
a glucose directional arrow indicative of a rate-of-change of
the user’s glucose concentration, and an action icon that
indicates an action that should be taken, if any. In some
embodiments, the action icon can alert a user if an action
should be taken due to the user’s monitored glucose levels. As
a non-limiting example, the action icon can indicate to a user
that his or her glucose concentration is changing in a manner
which may pose a clinical risk to the patient. Here, pro-
grammed high and low thresholds can be used along with a
measured rate of change to predict if the user is in or about to
enter a clinically risk state, such as impending hyperglycemia
or hyperglycemia.

[0232] Visual Aids for Low-Sighted Users

[0233] Some embodiments include a manual “hard wired”
button or action (such as shaking, swiping of a touch screen,
pressing two buttons at the same time, etc.) or simplified set of
key strokes causes display device 110,111,112, 113 (FIG.1)
to show a displayed glucose value on the display in a large
font, or large high contrast font, that fills or substantially fills
the entire display screen. The display device 110, 111, 112,
113 may be configurable to suppress a nominal “home”
screen in favor of a large font, or large font in high contrast,
only reading. Many users of continuous glucose monitors
may have poor, or transiently poor, vision due to their age,
vision, or transient effects due to their glucose level. Addi-
tionally, users who would normally use vision aids, such as
contacts or glasses, may find themselves in situations where
they are not able to use such aids.
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[0234] Inmany cases, the suite of information provided on
the home screen of the display device 110, 111, 112, 113,
while informational, may be more information than a user
requires. The user with limited vision may have a difficult
time determining the glucose reading due to the small font
required for the inclusion of the additional information,
which they may or may not need in a given situation. The
inclusion of a fast sightless process, such as an external but-
ton, or manual swipe of a touchscreen will allow a sight
limited user a simple one-step technique to get information
which may be vital to them in a specific situation, such as at
night, when they are not wearing vision aids, or when vision
is distorted due to complications of diabetes.

[0235] Continuous Glucose Monitoring Analysis Algo-
rithms
[0236] In some embodiments, CAM module can include

computer-readable instructions to perform one or more algo-
rithms that include: 1) rate of change information in bolus
estimators, 2) user-selectable criteria for retrospective analy-
sis, 3) improvement information of continuous glucose data
over time, 4) activity level data associated with alarms and/or
other computations and 5) future glucose prediction inquires.
Each of these algorithms can enhanced the usefulness of
continuous glucose sensor data in analysis of patient’s blood
glucose information and diabetes management.

[0237] Asdiscussed herein, continuous glucose sensor sys-
tems can include a sensor and one or more processing/display
device(s), which devices(s) can be divided between two or
more electronic components (e.g., sensor electronics physi-
cally connected to the sensor and one or more receivers
located remote from the sensor) or performed mostly in a
single device (e.g., receiver). In some implementations, it
may be advantageous to provide a bolus insulin calculator/
estimator (e.g., useful for determining a mealtime insulin
bolus to be injected) within the processing/display device(s).
In some embodiments, a bolus insulin calculator is provided
wherein rate of change, trend, and/or directional information
in included in the calculation of a dosing recommendation
(e.g., via a bolus calculator) to be displayed on a display
device and/or transmitted to an insulin delivery device. The
bolus calculator can be used wherein rate of change, trend,
and/or directional information can override a bolus recom-
mendation. The bolus calculator can be configured to calcu-
late a bolus recommendation based on 1) a current glucose
value 2) estimated meal information and 3) rate of change,
trend, and/or directional information.

[0238] In addition to using a continuous glucose monitor-
ing system for realtimereal-timerealtime processing, retro-
spective analysis of one or a plurality of data sets (e.g., from
one or a plurality of sensor sessions) can be useful to a
healthcare provider in analyzing and understanding each
patient’s unique diabetes information (e.g., blood glucose
data over time). In some embodiments, a computing system
(e.g. display device 110,11, 112, 113) is programmed with a
series of therapy adjustment recommendation criteria that can
be selected and/or deselected by a user, wherein the comput-
ing system is programmed to run the selected criteria against
continuous glucose sensor data and provide highlighted prob-
lem areas and/or areas for target or focus on a display (e.g.,
computer screen). In one exemplary embodiment, a criterion
is configured to evaluate overnight continuous glucose sensor
data (e.g., glucose values, highs, lows, time spent above a
target, time spent below a target, rate of change, glycemic
variability, euglycemia, hypoglycemic events, and/or hyper-
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glycemic events), whereby the computing system is pro-
grammed to recommend an adjusted basal insulin rate in
response thereto. The information could be highlighted on a
screen of data, provided as text; based tips, and/or the like.
[0239] Referring again to retrospective analysis of continu-
ous glucose sensor data, some embodiments provide a com-
puting system (e.g. display device 110, 11, 112, 113) pro-
grammed to display improvement information on a display
screen (e.g., graph or charts), wherein the improvement infor-
mation is indicative of a reduction in the number of hypogly-
cemic events, a reduction in time spent in hype or hypergly-
cemic regions, an increase in target and/or a reduction in
glucose variability, for example. Improvement information
can be presented for a variety of different time periods, for
example, a day, a week, a month, or more.

[0240] In some embodiments, the computing system is
configured to monitor an activity level associated with a host
wearing a continuous glucose sensor. Two examples of activ-
ity level monitors include an accelerometer and/or heart rate
monitor, however other activity level monitors can be used in
combination with and/or alternative to the two cited
examples. Preferably, data from the activity level monitor(s)
is incorporated into algorithms associated with processing the
continuous glucose sensor data. For example, a high mea-
sured activity level can be indicative of a greater likelihood of
hypoglycemic events and/or a high level of adrenale can be
indicative of an increase in blood glucose levels. Accordingly
in one embodiment, a computer system is programmed to
include data from an activity level monitor in its computations
associated with alarms (e.g., alarms associated with a current
glucose value and/or a predicted glucose level). In general,
activity level data can be used to associate activity levels with
blood glucose trends and values over time, thereby providing
insight to a diabetic patient (and/or their parents) as to how an
individual’s activity levels affect their diabetes.

[0241] According to some embodiments, future glucose
prediction queries can be used that allow a user can ask the
CAM module to estimate their future glucose independent of
pre-set limits or alerts, including providing inputs to impact
future potential prediction outcomes. The following are non-
limiting examples to help illustrate embodiments.

Example 1

[0242] a user wants to know the impact on their future
glucose levels and glucose trend graph if they take an action
or based on an action the user has already taken. If a user’s
glucose is 150 mg/dL and rising about 2 mg/dl./min, a pre-
diction might show the user to be 210 mg/dL, in 30 minutes,
but a user could now query the system with an input of taking
insulin to find out that their 30 minute prediction is now 190
mg/dL, thus indicating that taking insulin was a good decision
or that taking insulin might be a good decision to mitigate
their rising glucose levels.

Example 2

[0243] It is 7 pm and the user’s glucose level is approxi-
mately 200 mg/dL. The user is planning to go to be at 10 pm
and wants to target having a bedtime glucose of 120 mg/dL..
First the user can query the system for a prediction of their 10
pm glucose level, and then the user can further query the
system for potential actions or input potential actions to see
which steps may help to achieve their target bedtime glucose
levels.
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Example 3

[0244] Similar to Example 2, except now the user wants to
query the system for both bedtime and morning predicted
glucose levels. If the user has a goal of 120 mg/dL fora 10 pm
bedtime and 80 mg/dL. for a 6 am morning glucose, the user
can first see the prediction and then the user can further query
the system for potential actions or input potential actions to
see which steps may help achieve their desired bedtime and
morning glucose levels. An alert (hard or soft) can be set as the
target time is approached to indicate to the user whether the
prediction or estimates are still reasonable to support their
future glucose goals. The feature can further be set into a
learning mode to see how planned actions and predicted
results compared to actual future glucose levels.

[0245] Methods and devices that are suitable for use in
conjunction with aspects of the preferred embodiments are
disclosedinU.S. Pat. No. 4,757,022, U.S. Pat. No. 4,994,167,
U.S. Pat. No. 6,001,067; U.S. Pat. No. 6,558,321; U.S. Pat.
No. 6,702,857; U.S. Pat. No. 6,741,877; U.S. Pat. No. 6,862,
465; U.S. Pat. No. 6,931,327; U.S. Pat. No. 7,074,307, U.S.
Pat. No. 7,081,195; U.S. Pat. No. 7,108,778; U.S. Pat. No.
7,110,803; U.S. Pat. No. 7,134,999; U.S. Pat. No. 7,136,689;
U.S. Pat. No. 7,192,450; U.S. Pat. No. 7,226,978; U.S. Pat.
No. 7,276,029; U.S. Pat. No. 7,310,544; U.S. Pat. No. 7,364,
592; U.S. Pat. No. 7,366,556; U.S. Pat. No. 7,379,765; U.S.
Pat. No. 7,424,318; U.S. Pat. No. 7,460,898; U.S. Pat. No.
7,467,003; U.S. Pat. No. 7,471,972; U.S. Pat. No. 7,494,465,
U.S. Pat. No. 7,497,827; U.S. Pat. No. 7,519,408; U.S. Pat.
No. 7,583,990; U.S. Pat. No. 7,591,801; U.S. Pat. No. 7,599,
726; U.S. Pat. No. 7,613,491; U.S. Pat. No. 7,615,007, U.S.
Pat. No. 7,632,228; U.S. Pat. No. 7,637,868; U.S. Pat. No.
7,640,048; U.S. Pat. No. 7,651,596; U.S. Pat. No. 7,654,956;
U.S. Pat. No. 7,657,297; U.S. Pat. No. 7,711,402; U.S. Pat.
No. 7,713,574; U.S. Pat. No. 7,715,893; U.S. Pat. No. 7,761,
130; U.S. Pat. No. 7,771,352; U.S. Pat. No. 7,774,145, U.S.
Pat. No. 7,775,975; U.S. Pat. No. 7,778,680; U.S. Pat. No.
7,783,333, U.S. Pat. No. 7,792,562; U.S. Pat. No. 7,797,028;
U.S. Pat. No. 7,826,981; U.S. Pat. No. 7,828,728; U.S. Pat.
No. 7,831,287; U.S. Pat. No. 7,835,777; U.S. Pat. No. 7,857,
760; U.S. Pat. No. 7,860,545; U.S. Pat. No. 7,875,293; U.S.
Pat. No. 7,881,763; U.S. Pat. No. 7,885,697; U.S. Pat. No.
7,896,809; U.S. Pat. No. 7,899,511; U.S. Pat. No. 7,901,354,
U.S. Pat. No. 7,905,833; U.S. Pat. No. 7,914,450; U.S. Pat.
No. 7,917,186; U.S. Pat. No. 7,920,906; U.S. Pat. No. 7,925,
321; U.S. Pat. No. 7,927,274; U.S. Pat. No. 7,933,639, U.S.
Pat. No. 7,935,057; U.S. Pat. No. 7,946,984; U.S. Pat. No.
7,949,381, U.S. Pat. No. 7,955,261; U.S. Pat. No. 7,959,569;
U.S. Pat. No. 7,970,448; U.S. Pat. No. 7,974,672; U.S. Pat.
No. 7,976,492; U.S. Pat. No. 7,979,104; U.S. Pat. No. 7,986,
986; U.S. Pat. No. 7,998,071; U.S. Pat. No. 8,000,901; U.S.
Pat. No. 8,005,524; U.S. Pat. No. 8,005,525; U.S. Pat. No.
8,010,174, U.S. Pat. No. 8,027,708; U.S. Pat. No. 8,050,731,
U.S. Pat. No. 8,052,601; U.S. Pat. No. 8,053,018; U.S. Pat.
No. 8,060,173; U.S. Pat. No. 8,060,174; U.S. Pat. No. 8,064,
977; U.S. Pat. No. 8,073,519; U.S. Pat. No. 8,073,520, U.S.
Pat. No. 8,118,877; U.S. Pat. No. 8,128,562; U.S. Pat. No.
8,133,178, U.S. Pat. No. 8,150,488; U.S. Pat. No. 8,155,723;
U.S. Pat. No. 8,160,669; U.S. Pat. No. 8,160,671; U.S. Pat.
No. 8,167,801; U.S. Pat. No. 8,170,803; U.S. Pat. No. 8,195,
265; U.S. Pat. No. 8,206,297; U.S. Pat. No. 8,216,139; U.S.
Pat. No. 8,229,534; U.S. Pat. No. 8,229,535; U.S. Pat. No.
8,229,536, U.S. Pat. No. 8,231,531, U.S. Pat. No. 8,233,958;
U.S. Pat. No. 8,233,959; U.S. Pat. No. 8,249,684; U.S. Pat.
No. 8,251,906; U.S. Pat. No. 8,255,030; U.S. Pat. No. 8,255,
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032; U.S. Pat. No. 8,255,033; U.S. Pat. No. 8,257,259; U.S.
Pat. No. 8,260,393; U.S. Pat. No. 8,265,725; U.S. Pat. No.
8,275,437, U.S. Pat. No. 8,275,438; U.S. Pat. No. 8,277,713;
U.S. Pat. No. 8,280,475; U.S. Pat. No. 8,282,549; U.S. Pat.
No. 8,282,550; U.S. Pat. No. 8,285,354; U.S. Pat. No. 8,287
453; U.S. Pat. No. 8,290,559; U.S. Pat. No. 8,290,560; U.S.
Pat. No. 8,290,561; U.S. Pat. No. 8,290,562; U.S. Pat. No.
8,292,810; U.S. Pat. No. 8,298,142; U.S. Pat. No. 8,311,749;
U.S. Pat. No. 8,313,434; U.S. Pat. No. 8,321,149; U.S. Pat.
No. 8,332,008; U.S. Pat. No. 8,346,338; U.S. Pat. No. 8,364,
229; U.S. Pat. No. 8,369,919; U.S. Pat. No. 8,374,667; U.S.
Pat. No. 8,386,004; and U.S. Pat. No. 8,394,021.

[0246] Methods and devices that are suitable for use in
conjunction with aspects of the preferred embodiments are
disclosed in U.S. Patent Publication No. 2003-0032874-A1;
U.S. Patent Publication No. 2005-0033132-A1; U.S. Patent
Publication No. 2005-0051427-A1; U.S. Patent Publication
No. 2005-0090607-A1; U.S. Patent Publication No. 2005-
0176136-A1; U.S. Patent Publication No. 2005-0245799-
Al; U.S. Patent Publication No. 2006-0015020-A1; U.S.
Patent Publication No. 2006-0016700-A1; U.S. Patent Pub-
lication No. 2006-0020188-A1; U.S. Patent Publication No.
2006-0020190-A1; U.S. Patent Publication No. 2006-
0020191-A1; U.S. Patent Publication No. 2006-0020192-
Al; U.S. Patent Publication No. 2006-0036140-A1; U.S.
Patent Publication No. 2006-0036143-A1; U.S. Patent Pub-
lication No. 2006-0040402-A1; U.S. Patent Publication No.
2006-0068208-A1; U.S. Patent Publication No. 2006-
0142651-A1; U.S. Patent Publication No. 2006-0155180-
Al; U.S. Patent Publication No. 2006-0198864-A1; U.S.
Patent Publication No. 2006-0200020-A1; U.S. Patent Pub-
lication No. 2006-0200022-A1; U.S. Patent Publication No.
2006-0200970-A1; U.S. Patent Publication No. 2006-
0204536-A1; U.S. Patent Publication No. 2006-0224108-
Al; U.S. Patent Publication No. 2006-0235285-A1; U.S.
Patent Publication No. 2006-0249381-A1; U.S. Patent Pub-
lication No. 2006-0252027-A1; U.S. Patent Publication No.
2006-0253012-A1; U.S. Patent Publication No. 2006-
0257995-A1; U.S. Patent Publication No. 2006-0258761-
Al; U.S. Patent Publication No. 2006-0263763-A1; U.S.
Patent Publication No. 2006-0270922-A1; U.S. Patent Pub-
lication No. 2006-0270923-A1; U.S. Patent Publication No.
2007-0027370-A1; U.S. Patent Publication No. 2007-
0032706-A1; U.S. Patent Publication No. 2007-0032718-
Al; U.S. Patent Publication No. 2007-0045902-A1; U.S.
Patent Publication No. 2007-0059196-A1; U.S. Patent Pub-
lication No. 2007-0066873-A1; U.S. Patent Publication No.
2007-0173709-A1; U.S. Patent Publication No. 2007-
0173710-A1; U.S. Patent Publication No. 2007-0208245-
Al; U.S. Patent Publication No. 2007-0208246-A1; U.S.
Patent Publication No. 2007-0232879-A1; U.S. Patent Pub-
lication No. 2008-0045824-A1; U.S. Patent Publication No.
2008-0083617-A1; U.S. Patent Publication No. 2008-
0086044-A1; U.S. Patent Publication No. 2008-0108942-
Al; U.S. Patent Publication No. 2008-0119703-A1; U.S.
Patent Publication No. 2008-0119704-A1; U.S. Patent Pub-
lication No. 2008-0119706-A1; U.S. Patent Publication No.
2008-0183061-A1; U.S. Patent Publication No. 2008-
0183399-A1; U.S. Patent Publication No. 2008-0188731-
Al; U.S. Patent Publication No. 2008-0189051-A1; U.S.
Patent Publication No. 2008-0194938-A1; U.S. Patent Pub-
lication No. 2008-0197024-A1; U.S. Patent Publication No.
2008-0200788-A1; U.S. Patent Publication No. 2008-
0200789-A1; U.S. Patent Publication No. 2008-0200791-
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Al; U.S. Patent Publication No. 2008-0214915-A1; U.S.
Patent Publication No. 2008-0228054-A1; U.S. Patent Pub-
lication No. 2008-0242961-A1; U.S. Patent Publication No.
2008-0262469-A1; U.S. Patent Publication No. 2008-
0275313-A1; U.S. Patent Publication No. 2008-0287765-
Al; U.S. Patent Publication No. 2008-0306368-A1; U.S.
Patent Publication No. 2008-0306434-A1; U.S. Patent Pub-
lication No. 2008-0306435-A1; U.S. Patent Publication No.
2008-0306444-A1; U.S. Patent Publication No. 2009-
0018424-A1; U.S. Patent Publication No. 2009-0030294-
Al; U.S. Patent Publication No. 2009-0036758-A1; U.S.
Patent Publication No. 2009-0036763-A1; U.S. Patent Pub-
lication No. 2009-0043181-A1; U.S. Patent Publication No.
2009-0043182-A1; U.S. Patent Publication No. 2009-
0043525-A1; U.S. Patent Publication No. 2009-0045055-
Al; U.S. Patent Publication No. 2009-0062633-A1; U.S.
Patent Publication No. 2009-0062635-A1; U.S. Patent Pub-
lication No. 2009-0076360-A1; U.S. Patent Publication No.
2009-0099436-A1; U.S. Patent Publication No. 2009-
0124877-A1; U.S. Patent Publication No. 2009-0124879-
Al; U.S. Patent Publication No. 2009-0124964-A1; U.S.
Patent Publication No. 2009-0131769-A1; U.S. Patent Pub-
lication No. 2009-0131777-A1; U.S. Patent Publication No.
2009-0137886-A1; U.S. Patent Publication No. 2009-
0137887-A1; U.S. Patent Publication No. 2009-0143659-
Al; U.S. Patent Publication No. 2009-0143660-A1; U.S.
Patent Publication No. 2009-0156919-A1; U.S. Patent Pub-
lication No. 2009-0163790-A1; U.S. Patent Publication No.
2009-0178459-A1; U.S. Patent Publication No. 2009-
0192366-A1; U.S. Patent Publication No. 2009-0192380-
Al; U.S. Patent Publication No. 2009-0192722-A1; U.S.
Patent Publication No. 2009-0192724-A1; U.S. Patent Pub-
lication No. 2009-0192751-A1; U.S. Patent Publication No.
2009-0203981-A1; U.S. Patent Publication No. 2009-
0216103-A1; U.S. Patent Publication No. 2009-0240120-
Al; U.S. Patent Publication No. 2009-0240193-A1; U.S.
Patent Publication No. 2009-0242399-A1; U.S. Patent Pub-
lication No. 2009-0242425-A1; U.S. Patent Publication No.
2009-0247855-A1; U.S. Patent Publication No. 2009-
0247856-A1; U.S. Patent Publication No. 2009-0287074-
Al; U.S. Patent Publication No. 2009-0299155-A1; U.S.
Patent Publication No. 2009-0299156-A1; U.S. Patent Pub-
lication No. 2009-0299162-A1; U.S. Patent Publication No.
2010-0010331-A1; U.S. Patent Publication No. 2010-
0010332-A1; U.S. Patent Publication No. 2010-0016687-
Al; U.S. Patent Publication No. 2010-0016698-A1; U.S.
Patent Publication No. 2010-0030484-A1; U.S. Patent Pub-
lication No. 2010-0036215-A1; U.S. Patent Publication No.
2010-0036225-A1; U.S. Patent Publication No. 2010-
0041971-A1; U.S. Patent Publication No. 2010-0045465-
Al; U.S. Patent Publication No. 2010-0049024-A1; U.S.
Patent Publication No. 2010-0076283-A1; U.S. Patent Pub-
lication No. 2010-0081908-A1; U.S. Patent Publication No.
2010-0081910-A1; U.S. Patent Publication No. 2010-
0087724-A1; U.S. Patent Publication No. 2010-0096259-
Al; U.S. Patent Publication No. 2010-0121169-A1; U.S.
Patent Publication No. 2010-0161269-A1; U.S. Patent Pub-
lication No. 2010-0168540-A1; U.S. Patent Publication No.
2010-0168541-A1; U.S. Patent Publication No. 2010-
0168542-A1; U.S. Patent Publication No. 2010-0168543-
Al; U.S. Patent Publication No. 2010-0168544-A1; U.S.
Patent Publication No. 2010-0168545-A1; U.S. Patent Pub-
lication No. 2010-0168546-A1; U.S. Patent Publication No.
2010-0168657-A1; U.S. Patent Publication No. 2010-
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0174157-A1; U.S. Patent Publication No. 2010-0174158-
Al; U.S. Patent Publication No. 2010-0174163-A1; U.S.
Patent Publication No. 2010-0174164-A1; U.S. Patent Pub-
lication No. 2010-0174165-A1; U.S. Patent Publication No.
2010-0174166-A1; U.S. Patent Publication No. 2010-
0174167-A1; U.S. Patent Publication No. 2010-0179401-
Al; U.S. Patent Publication No. 2010-0179402-A1; U.S.
Patent Publication No. 2010-0179404-A1; U.S. Patent Pub-
lication No. 2010-0179408-A1; U.S. Patent Publication No.
2010-0179409-A1; U.S. Patent Publication No. 2010-
0185065-A1; U.S. Patent Publication No. 2010-0185069-
Al; U.S. Patent Publication No. 2010-0185070-A1; U.S.
Patent Publication No. 2010-0185071-A1; U.S. Patent Pub-
lication No. 2010-0185075-A1; U.S. Patent Publication No.
2010-0191082-A1; U.S. Patent Publication No. 2010-
0198035-A1; U.S. Patent Publication No. 2010-0198036-
Al; U.S. Patent Publication No. 2010-0212583-A1; U.S.
Patent Publication No. 2010-0217557-A1; U.S. Patent Pub-
lication No. 2010-0223013-A1; U.S. Patent Publication No.
2010-0223022-A1; U.S. Patent Publication No. 2010-
0223023-A1; U.S. Patent Publication No. 2010-0228109-
Al; U.S. Patent Publication No. 2010-0228497-A1; U.S.
Patent Publication No. 2010-0240975-A1; U.S. Patent Pub-
lication No. 2010-0240976 C1; U.S. Patent Publication No.
2010-0261987-A1; U.S. Patent Publication No. 2010-
0274107-A1; U.S. Patent Publication No. 2010-0280341-
Al; U.S. Patent Publication No. 2010-0286496-A1; U.S.
Patent Publication No. 2010-0298684-A1; U.S. Patent Pub-
lication No. 2010-0324403-A1; U.S. Patent Publication No.
2010-0331656-A1; U.S. Patent Publication No. 2010-
0331657-A1; U.S. Patent Publication No. 2011-0004085-
Al; U.S. Patent Publication No. 2011-0009727-A1; U.S.
Patent Publication No. 2011-0024043-A1; U.S. Patent Pub-
lication No. 2011-0024307-A1; U.S. Patent Publication No.
2011-0027127-A1; U.S. Patent Publication No. 2011-
0027453-A1; U.S. Patent Publication No. 2011-0027458-
Al; U.S. Patent Publication No. 2011-0028815-A1; U.S.
Patent Publication No. 2011-0028816-A1; U.S. Patent Pub-
lication No. 2011-0046467-A1; U.S. Patent Publication No.
2011-0077490-A1; U.S. Patent Publication No. 2011-
0118579-A1; U.S. Patent Publication No. 2011-0124992-
Al; U.S. Patent Publication No. 2011-0125410-A1; U.S.
Patent Publication No. 2011-0130970-A1; U.S. Patent Pub-
lication No. 2011-0130971-A1; U.S. Patent Publication No.
2011-0130998-A1; U.S. Patent Publication No. 2011-
0144465-A1; U.S. Patent Publication No. 2011-0178378-
Al; U.S. Patent Publication No. 2011-0190614-A1; U.S.
Patent Publication No. 2011-0201910-A1; U.S. Patent Pub-
lication No. 2011-0201911-A1; U.S. Patent Publication No.
2011-0218414-A1; U.S. Patent Publication No. 2011-
0231140-A1; U.S. Patent Publication No. 2011-0231141-
Al; U.S. Patent Publication No. 2011-0231142-A1; U.S.
Patent Publication No. 2011-0253533-A1; U.S. Patent Pub-
lication No. 2011-0263958-A1; U.S. Patent Publication No.
2011-0270062-A1; U.S. Patent Publication No. 2011-
0270158-A1; U.S. Patent Publication No. 2011-0275919-
Al; U.S. Patent Publication No. 2011-0290645-A1; U.S.
Patent Publication No. 2011-0313543-A1; U.S. Patent Pub-
lication No. 2011-0320130-A1; U.S. Patent Publication No.
2012-0035445-A1; U.S. Patent Publication No. 2012-
0040101-A1; U.S. Patent Publication No. 2012-0046534-
Al; U.S. Patent Publication No. 2012-0078071-A1; U.S.
Patent Publication No. 2012-0108934-A1; U.S. Patent Pub-
lication No. 2012-0130214-A1; U.S. Patent Publication No.
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2012-0172691-A1; U.S. Patent Publication No. 2012-
0179014-A1; U.S. Patent Publication No. 2012-0186581-
Al; U.S. Patent Publication No. 2012-0190953-A1; U.S.
Patent Publication No. 2012-0191063-A1; U.S. Patent Pub-
lication No. 2012-0203467-A1; U.S. Patent Publication No.
2012-0209098-A1; U.S. Patent Publication No. 2012-
0215086-A1; U.S. Patent Publication No. 2012-0215087-
Al; U.S. Patent Publication No. 2012-0215201-A1; U.S.
Patent Publication No. 2012-0215461-A1; U.S. Patent Pub-
lication No. 2012-0215462-A1; U.S. Patent Publication No.
2012-0215496-A1; U.S. Patent Publication No. 2012-
0220979-A1; U.S. Patent Publication No. 2012-0226121-
Al; U.S. Patent Publication No. 2012-0228134-A1; U.S.
Patent Publication No. 2012-0238852-A1; U.S. Patent Pub-
lication No. 2012-0245448-A1; U.S. Patent Publication No.
2012-0245855-A1; U.S. Patent Publication No. 2012-
0255875-A1; U.S. Patent Publication No. 2012-0258748-
Al; U.S. Patent Publication No. 2012-0259191-A1; U.S.
Patent Publication No. 2012-0260323-A1; U.S. Patent Pub-
lication No. 2012-0262298-A1; U.S. Patent Publication No.
2012-0265035-A1; U.S. Patent Publication No. 2012-
0265036-A1; U.S. Patent Publication No. 2012-0265037-
Al; U.S. Patent Publication No. 2012-0277562-A1; U.S.
Patent Publication No. 2012-0277566-A1; U.S. Patent Pub-
lication No. 2012-0283541-A1; U.S. Patent Publication No.
2012-0283543-A1; U.S. Patent Publication No. 2012-
0296311-A1; U.S. Patent Publication No. 2012-0302854-
Al; U.S. Patent Publication No. 2012-0302855-A1; U.S.
Patent Publication No. 2012-0323100-A1; U.S. Patent Pub-
lication No. 2013-0012798-A1; U.S. Patent Publication No.
2013-0030273-A1; U.S. Patent Publication No. 2013-
0035575-A1; U.S. Patent Publication No. 2013-0035865-
Al; U.S. Patent Publication No. 2013-0035871-A1; U.S.
Patent Publication No. 2005-0056552-A1; U.S. Patent Pub-
lication No. 2005-0182451-A1; U.S. Patent Publication No.
2013000536650A1; and U.S. Patent Publication No. 2013-
0053666-A1.

[0247] Methods and devices that are suitable for use in
conjunction with aspects of the preferred embodiments are
disclosed in U.S. application Ser. No. 09/447,227 filed on
Nov. 22, 1999 and entitled “DEVICE AND METHOD FOR
DETERMINING ANALYTE LEVELS”; U.S. application
Ser. No. 12/828,967 filed on Jul. 1, 2010 and entitled “HOUS-
ING FOR AN INTRAVASCULAR SENSOR”; U.S. applica-
tion Ser. No. 13/461,625 filed on May 1, 2012 and entitled
“DUAL ELECTRODE SYSTEM FOR A CONTINUOUS
ANALYTE SENSOR”; U.S. application Ser. No. 13/594,602
filed on Aug. 24, 2012 and entitled “POLYMER MEM-
BRANES FOR CONTINUOUS ANALYTE SENSORS”;
U.S. application Ser. No. 13/594,734 filed on Aug. 24, 2012
and entitled “POLYMER MEMBRANES FOR CONTINU-
OUS ANALYTE SENSORS”; U.S. application Ser. No.
13/607,162 filed on Sep. 7, 2012 and entitled “SYSTEM
AND METHODS FOR PROCESSING ANALYTE SEN-
SOR DATA FOR SENSOR CALIBRATION”; U.S. applica-
tion Ser. No. 13/624,727 filed on Sep. 21, 2012 and entitled
“SYSTEMS AND METHODS FOR PROCESSING AND
TRANSMITTING SENSOR DATA™; U.S. application Ser.
No. 13/624,808 filed on Sep. 21, 2012 and entitled “SYS-
TEMS AND METHODS FOR PROCESSING AND
TRANSMITTING SENSOR DATA™; U.S. application Ser.
No. 13/624,812 filed on Sep. 21, 2012 and entitled “SYS-
TEMS AND METHODS FOR PROCESSING AND
TRANSMITTING SENSOR DATA”; U.S. application Ser.
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No. 13/732,848 filed on Jan. 2, 2013 and entitled “ANALYTE
SENSORS HAVING A SIGNAL-TO-NOISE RATIO SUB-
STANTIALLY UNAFFECTED BY NON-CONSTANT
NOISE”; U.S. application Ser. No. 13/733,742 filed on Jan. 3,
2013 and entitled “END OF LIFE DETECTION FOR ANA-
LYTE SENSORS”; U.S. application Ser. No. 13/733,810
filed on Jan. 3, 2013 and entitled “OUTLIER DETECTION
FOR ANALYTE SENSORS”; U.S. application Ser. No.
13/742,178 filed on Jan. 15, 2013 and entitled “SYSTEMS
AND METHODS FOR PROCESSING SENSOR DATA”,
U.S. application Ser. No. 13/742,694 filed on Jan. 16, 2013
and entitled “SYSTEMS AND METHODS FOR PROVID-
ING SENSITIVE AND SPECIFIC ALARMS”; U.S. appli-
cation Ser. No. 13/742,841 filed on Jan. 16, 2013 and entitled
“SYSTEMS AND METHODS FOR DYNAMICALLY AND
INTELLIGENTLY MONITORING A HOST’S GLYCE-
MIC CONDITION AFTER AN ALERT IS TRIGGERED”;
U.S. application Ser. No. 13/747,746 filed on Jan. 23, 2013
and entitled “DEVICES, SYSTEMS, AND METHODS TO
COMPENSATE FOR EFFECTS OF TEMPERATURE ON
IMPLANTABLE SENSORS”; U.S. application Ser. No.
13/779,607 filed on Feb. 27, 2013 and entitled “ZWITTE-
RION SURFACE MODIFICATIONS FOR CONTINUOUS
SENSORS”; U.S. application Ser. No. 13/780,808 filed on
Feb. 28,2013 and entitled “SENSORS FOR CONTINUOUS
ANALYTE MONITORING, AND RELATED METHODS”,
U.S. application Ser. No. 13/784,523 filed on Mar. 4, 2013
and entitled “ANALYTE SENSOR WITH INCREASED
REFERENCE CAPACITY”; U.S. application Ser. No.
13/789,371 filed on Mar. 7, 2013 and entitled “MULTIPLE
ELECTRODE SYSTEM FOR A CONTINUOUS ANA-
LYTE SENSOR, AND RELATED METHODS”; U.S. appli-
cation Ser. No. 13/789,279 filed on Mar. 7, 2013 and entitled
“USE OF SENSOR REDUNDANCY TO DETECT SEN-
SOR FAILURES”; U.S. application Ser. No. 13/789,339 filed
on Mar. 7, 2013 and entitled “DYNAMIC REPORT BUILD-
ING”; U.S. application Ser. No. 13/789,341 filed on Mar. 7,
2013 and entitled “REPORTING MODULES”; and U.S.
application Ser. No. 13/790,281 filed on Mar. 8, 2013 and
entitled “SYSTEMS AND METHODS FOR MANAGING
GLYCEMIC VARIABILITY”.

[0248] The above description presents the best mode con-
templated for carrying out the present invention, and of the
manner and process of making and using it, in such full, clear,
concise, and exact terms as to enable any person skilled in the
art to which it pertains to make and use this invention. This
invention is, however, susceptible to modifications and alter-
nate constructions from that discussed above that are fully
equivalent. Consequently, this invention is not limited to the
particular embodiments disclosed. On the contrary, this
invention covers all modifications and alternate constructions
coming within the spirit and scope of the invention as gener-
ally expressed by the following claims, which particularly
point out and distinctly claim the subject matter of the inven-
tion. While the disclosure has been illustrated and described
in detail in the drawings and foregoing description, such
illustration and description are to be considered illustrative or
exemplary and not restrictive.

[0249] All references cited herein are incorporated herein
by reference in their entirety. To the extent publications and
patents or patent applications incorporated by reference con-
tradict the disclosure contained in the specification, the speci-
fication is intended to supersede and/or take precedence over
any such contradictory material.
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[0250] Unless otherwise defined, all terms (including tech-
nical and scientific terms) are to be given their ordinary and
customary meaning to a person of ordinary skill in the art, and
are not to be limited to a special or customized meaning
unless expressly so defined herein. It should be noted that the
use of particular terminology when describing certain fea-
tures or aspects of the disclosure should not be taken to imply
that the terminology is being re-defined herein to be restricted
to include any specific characteristics of the features or
aspects of the disclosure with which that terminology is asso-
ciated. Terms and phrases used in this application, and varia-
tions thereof, especially in the appended claims, unless oth-
erwise expressly stated, should be construed as open ended as
opposed to limiting. As examples of the foregoing, the term
‘including’ should be read to mean ‘including, without limi-
tation,” ‘including but not limited to,” or the like; the term
‘comprising’ as used herein is synonymous with ‘including,’
‘containing,” or ‘characterized by,” and is inclusive or open-
ended and does not exclude additional, unrecited elements or
method steps; the term ‘having’ should be interpreted as ‘hav-
ing at least;” the term ‘includes’ should be interpreted as
‘includes but is not limited to;’ the term ‘example’ is used to
provide exemplary instances of the item in discussion, not an
exhaustive or limiting list thereof; adjectives such as ‘known’,
‘normal’, ‘standard’, and terms of similar meaning should not
be construed as limiting the item described to a given time
period or to an item available as of a given time, but instead
should be read to encompass known, normal, or standard
technologies that may be available or known now or at any
time in the future; and use of terms like ‘preferably,” “pre-
ferred,” ‘desired,’ or ‘desirable,” and words of similar meaning
should not be understood as implying that certain features are
critical, essential, or even important to the structure or func-
tion of the invention, but instead as merely intended to high-
light alternative or additional features that may or may not be
utilized in a particular embodiment of the invention. Like-
wise, a group of items linked with the conjunction ‘and’
should not be read as requiring that each and every one of
those items be present in the grouping, but rather should be
read as ‘and/or’ unless expressly stated otherwise. Similarly,
agroup of items linked with the conjunction ‘or’ should not be
read as requiring mutual exclusivity among that group, but
rather should be read as ‘and/or’ unless expressly stated oth-
erwise.

[0251] Where arange of values is provided, it is understood
that the upper and lower limit, and each intervening value
between the upper and lower limit of the range is encom-
passed within the embodiments.

[0252] With respect to the use of substantially any plural
and/or singular terms herein, those having skill in the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as is appropriate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarity. The indefinite
article ‘a’ or ‘an’ does not exclude a plurality. A single pro-
cessor or other unit may fulfill the functions of several items
recited in the claims. The mere fact that certain measures are
recited in mutually different dependent claims does not indi-
cate that a combination of these measures cannot be used to
advantage. Any reference signs in the claims should not be
construed as limiting the scope.

[0253] It will be further understood by those within the art
that if a specific number of an introduced claim recitation is
intended, such an intent will be explicitly recited in the claim,
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and in the absence of such recitation no such intent is present.
For example, as an aid to understanding, the following
appended claims may contain usage of the introductory
phrases ‘at least one’ and ‘one or more’ to introduce claim
recitations. However, the use of such phrases should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles ‘a’ or ‘an’ limits any particular claim
containing such introduced claim recitation to embodiments
containing only one such recitation, even when the same
claim includes the introductory phrases ‘one or more’ or ‘at
least one’ and indefinite articles such as ‘a’ or ‘an’ (e.g., ‘@’
and/or ‘an’ should typically be interpreted to mean ‘at least
one’ or ‘one or more’); the same holds true for the use of
definite articles used to introduce claim recitations. In addi-
tion, even if a specific number of an introduced claim recita-
tion is explicitly recited, those skilled in the art will recognize
that such recitation should typically be interpreted to mean at
least the recited number (e.g., the bare recitation of ‘two
recitations,” without other modifiers, typically means at least
two recitations, or two or more recitations). Furthermore, in
those instances where a convention analogous to “at least one
of A, B, and C, etc.’ is used, in general such a construction is
intended in the sense one having skill in the art would under-
stand the convention (e.g., ‘a system having at least one of A,
B, and C’ would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those instances where a convention analogous to ‘at least
one of A, B, or C, etc.’ is used, in general such a construction
is intended in the sense one having skill in the art would
understand the convention (e.g., ‘a system having at least one
of'A, B, or C’ would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
It will be further understood by those within the art that
virtually any disjunctive word and/or phrase presenting two
or more alternative terms, whether in the description, claims,
or drawings, should be understood to contemplate the possi-
bilities of including one of the terms, either of the terms, or
both terms. For example, the phrase ‘A or B* will be under-
stood to include the possibilities of ‘A’ or ‘B’ or ‘A and B’

[0254] All numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification are
to beunderstood as being modified in all instances by the term
‘about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth herein are approximations that
may vary depending upon the desired properties sought to be
obtained. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of any
claims in any application claiming priority to the present
application, each numerical parameter should be construed in
light of the number of significant digits and ordinary rounding
approaches.

[0255] Furthermore, although the foregoing has been
described in some detail by way of illustrations and examples
for purposes of clarity and understanding, it is apparent to
those skilled in the art that certain changes and modifications
may be practiced. Therefore, the description and examples
should not be construed as limiting the scope of the invention
to the specific embodiments and examples described herein,
but rather to also cover all modification and alternatives com-
ing with the true scope and spirit of the invention.

Jan. 9, 2014

What is claimed is:

1. A machine-executed method of continuous analyte
monitoring for a host to facilitate management of the host’s
analyte concentration level, the method comprising:

transmitting, using a computing device, an identification of
aversion of an operating system of the computing device
and/or a continuous analyte monitoring (CAM) software
application installed on the computing device to a
remote server, the CAM software application compris-
ing instructions, when executed by a processor of the
computing device, that cause the computing device to
process and display analyte concentration information;

receiving a response from the remote server responsive
indicative of a compatibility check of the version of the
operating system with the version of the CAM software
application; and

producing an output to responsive to the response.

2. The method of claim 1, wherein the output comprises
continuing operating the CAM module.

3. The method of claim 1, wherein the output comprises
disabling one or more features of the CAM module.

4. The method of claim 1, wherein the output comprises
preventing operation of the CAM module.

5. The method of claim 1, wherein the output comprises
displaying a message to a user of the electronic device indica-
tive of the compatibility check.

6. The method of claim 5, wherein the message instructs
the user to change at least one of the operating system and the
CAM module to a different version.

7. The method of claim 1, wherein the CAM module is a
software application stored on the electronic device.

8. The method of claim 1, wherein the transmitting is
programically initiated responsive to detecting that a new
operating system has been installed on the computing device.

9. The method of claim 1, wherein the remote server com-
prises a list of compatible versions of operating systems with
version of the CAM software application stored in computer
memory.

10. The method of claim 1, further comprising initiating a
notification to the computing device regarding the compat-
ibility of a new version of the operating system with the
version of the CAM software application installed on the
computing device prior to the new version of the operating
system being installed on the computing device.

11. A system for facilitate management of a analyte con-
centration level, the system comprising:

continuous analyte sensor electronics coupled to a continu-
ous analyte sensor that generates data indicative of an
analyte concentration of a host;

a computing device in communication with the continuous
analyte sensor, the computing device comprising an
operating system and an analyte monitoring (CAM)
software application installed on the computing device,
wherein the computing device is configured to pro-
gramically

transmit an identification of a version of an operating sys-
tem of the computing device and/or a continuous analyte
monitoring (CAM) software application installed on the
computing device to a remote server,

receive a response from the remote server responsive
indicative of a compatibility check of the version of the
operating system with the version of the CAM software
application, and

produce an output to responsive to the response.
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12. The system of claim 11, wherein the output comprises
continuing operating the CAM module.

13. The system of claim 11, wherein the output comprises
disabling one or more features of the CAM module.

14. The system of claim 1, wherein the output comprises
preventing operation of the CAM module.

15. The system of claim 11, wherein the output comprises
displaying a message to a user of the electronic device indica-
tive of the compatibility check.

16. The system of claim 15, wherein the message instructs
the user to change at least one of the operating system and the
CAM module to a different version.

17. The system of claim 11, wherein the transmitting is
programically initiated responsive to the computing device
detecting that a new operating system has been installed on
the computing device.

18. The system of claim 11, further comprising the remote
server, and wherein the remote server comprises a list of
compatible versions of operating systems with version of the
CAM software application stored in computer memory.

19. The system of claim 18, wherein the remote server is
configured to programically initiate a notification to the com-
puting device regarding the compatibility of a new version of
the operating system with the version of the CAM software
application installed on the computing device prior to the new
version of the operating system being installed on the com-
puting device.



