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METHOD AND DEVICE FOR UTILIZING 
ANALYTELEVELS TO ASSIST IN THE 

TREATMENT OF DABETES 

RELATED APPLICATIONS 

0001. The present invention is a continuation in part of 
U.S. patent application Ser. No. 10/817211 filed Apr. 1, 2004, 
entitled Method and Device for Utilizing Analyte Levels to 
Assist in the Treatment of Diabetes, Insulin Resistance and 
Metabolic Syndrome, which in turn claims priority to U.S. 
Provisional Patent Application 60/459310 entitled Method 
and Device for Utilizing Analyte Levels to Assist in the Treat 
ment of Diabetes, Insulin Resistance and Metabolic Syn 
drome, filed Apr. 1, 2003, the contents of both of which are 
herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to the management of 
metabolic syndrome and diabetes. More particularly, the 
present invention relates to methods for managing therapeutic 
interventions in diabetes using quantification of biochemical 
markers in the Subject to assess the fat and glucose metabo 
lism, insulin sensitivity as well as the past and prospective 
effects of a certain given medication. 

BACKGROUND OF THE INVENTION 

0003 Between 1990 and 1998 the prevalence of diabetes 
in the United States rose from 4.9 to 6.5%. During the 1990's 
the prevalence of non-insulin dependent diabetes increased 
by 33% overall and by 70% among people in their thirties. 
Diabetes affects now sixteen million Americans. The direct 
costs resulting from diabetes is S44 billion per year, and the 
total cost of diabetes, including indirect costs, rises to S98 
billion per year. 13.5% of obese patients have diabetes com 
pared to 3.5% of those with a normal weight. 
0004 Diabetes is the “tip of the Iceberg and is most often 
preceded by a metabolic syndrome. The prevalence of the 
metabolic syndrome gives an estimate of the potential mag 
nitude of the problem. The Centers of Disease Control and 
Prevention recently investigated the prevalence of the meta 
bolic syndrome: The unadjusted and age-adjusted preva 
lences were 21.8% and 23.7%, respectively. The prevalence 
increased from 6.7% among participants aged 20 through 29 
years to 43.5% and 42.0% for participants aged 60 through 69 
years and aged at least 70 years, respectively. Using 2000 
census data, about 47 million US residents have the metabolic 
syndrome. 
0005 Most patients who go through the evolution of meta 
bolic syndrome to diabetes will ultimately require insulin 
injections to deal with their disease. According to research, 
the well educated Type I diabetes patient encounters on aver 
age about 5 hypoglycaemic episodes and about the same 
hyperglycaemic episodes every week. Both conditions may 
lead to a variety of complications, such as lack in concentra 
tion, loss of conscience, coma, dehydration and death. 
0006. A major draw back of the algorithms used to predict 
glucose levels in the prior art is that the algorithms use theo 
retical absorption curves of the injected insulin. These curves 
try to predict the appearance of insulin in the bloodstream and 
the insulin activity which is then used in the prediction model. 
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The current prediction algorithms do not take into account 
other insulin-interfering factors, and are therefore often 
highly inaccurate. 

SUMMARY OF THE INVENTION 

0007. The present invention provides a comprehensive 
approach to the management of diabetes. The method of the 
present invention utilizes dual parameters in understanding 
metabolic changes in the body. A first parameter that may be 
utilized in accordance with the present invention may com 
prise biochemical signals indicative of fat metabolism (e.g., 
Ketones or Free Fatty Acids or Glycerol levels) and a second 
parameter may comprise biochemical signals indicative of 
glucose metabolism (e.g., glucose levels). Furthermore, the 
dual analyte model allows monitoring of the progression of 
those disease states, as well as progress made by therapeutic 
interventions. For insulin dependent diabetes in particular, 
the dual analyte model can help in the dosing of medication 
(insulin and others) and of dietary changes. 
0008. The measurable signals may also be used to assess a 
real insulin activity (the combined effect of insulin concen 
tration, insulin sensitivity and counter-regulating hormones), 
to detect a discrepancy, known as an insulin activity error, 
between the theoretical insulin activity and the real insulin 
activity. The calculated insulin activity error allows for detec 
tion of currently unknown insulin over-activity, which usu 
ally leads to hypoglycaemia in the near term or to detect 
unknown insulin under-activity that may lead to hyperglyce 
mia. InType I diabetes in particular, the invention can be used 
to alert for upcoming glucose deregulation as well as retro 
spectively detect abnormal regulation episodes. Through 
detection of upcoming events, the dual-analyte system may 
advise a patient to take an action, for example, to increase 
testing frequency or comment on the dosing of the medica 
tion. 

0009. Through the invention, free fatty acid (FFA) levels 
in Type I diabetes may be used for better diabetes regulation. 
For example, fat metabolite levels can be used to assess the 
insulin activity of a patient at a given moment. A patient may 
be urged to test glucose levels earlier, for example, in an hour 
(instead of four hours, when he takes his next meal), to help 
identify an anticipated problem. The present invention 
employs body fat metabolite levels to assess actual and real 
insulin activity, defined as an intergration of blood insulin 
levels, plus insulin sensitivity, plus the activity of the counter 
regulating hormones. Advice to a patient can take the form of 
a glucose prediction for a future period and/or recommending 
upon the timing of the next test. 
0010. The present invention provides a single device for 
testing both a fat metabolism analyte and a glucose metabo 
lism analyte, as well as for interpreting the combined results 
of the dual analyte measurements. 
0011. According to a first aspect of the invention, a method 
of assessing an insulin activity error and its effect on glucose 
levels is provided. The method comprising the computer 
implemented steps of measuring an amount of a first analyte 
in a biological fluid sample reflecting body fat metabolism 
and an amount of a second analyte in the biological fluid 
sample reflecting glucose metabolism, assessing a real insu 
lin activity level based on the amount of the first analyte in the 
biological fluid sample, comparing the real insulin activity 
with a theoretical amount of insulin to calculate the insulin 
activity error; and assessing a glucose level based on the 



US 2011/00468.92 A1 

amount of the second analyte in the biological fluid and the 
calculated insulin activity error 
0012. According to another aspect of the invention, a 
method of predicting a user's glucose levels in the future is 
provided. The method comprises the computer implemented 
steps of measuring an amount of a first analyte in a biological 
fluid sample reflecting body fat metabolism and an amount of 
a second analyte in the biological fluid sample reflecting 
glucose metabolism, assessing a real insulin activity level in 
the user based on the amount of the first analyte and the 
second analyte in the biological fluid sample, comparing the 
real insulin activity level with a theoretical amount of insulin 
to calculate an insulin activity error, utilizing an additional 
parameter comprising at least one of body mass index, gen 
der, meal intake, medication, exercise duration and intensity, 
alcohol consumption and weight and utilizing a relevant algo 
rithm corrected for the insulin activity error to model the 
glucose levels for a future period. 
0013. According to still another aspect of the invention, a 
health-monitoring device is provided. The health monitoring 
device comprises a test element and a processor. 
0014. The test element measures an amount of a first ana 
lyte in a biological fluid sample reflecting body fat metabo 
lism and an amount of a second analyte in the biological fluid 
sample reflecting glucose metabolism. The processor 
assesses a real insulin activity level of the user based on the 
amount of the first analyte in the biological fluid sample, 
compares the calculated real insulinactivity with a theoretical 
amount of insulin to calculate an insulin activity error, and 
assesses a glucose level based on the amount of the second 
analyte in the biological fluid and the calculated insulin activ 
ity error. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIGS.1a and 1b illustrate an electronic health moni 
toring device for sampling and analyzing a biological fluid 
sample and assessing the health of a user based on levels of 
two analytes in the sample. 
0016 FIG. 2 illustrates the output and user interface of the 
device of FIGS.1a and 1b when tracking an insulin resistance 
factor. 

0017 FIG.3a is a schematic of a health monitoring system 
including the health monitoring device of FIGS. 1a and 1b. 
0018 FIG.3b is a block diagram showing the components 
of the processor of FIG. 3a. 
0019 FIG. 4 shows the display of the device of FIGS. 1a 
and 1b when the device is used to track an intra-day evolution 
of glucose and FFA levels and display a warning about immi 
nent hypoglycemia, according to an embodiment of the 
invention. 

0020 FIG. 5 shows the display of the device of FIGS. 1a 
and 1b when the device is used to display early morning test 
results for glucose and FFA and the interpretation thereof, 
according to an embodiment of the invention. 
0021 FIG. 6 illustrates an electronic monitoring device 
for sampling and analyzing a biological fluid sample and 
assessing the insulin activity error of a user based on levels of 
two analytes in the sample according to one embodiment of 
the invention. 

0022 FIG. 7a illustrates the output and user interface of 
the device of FIG. 6 when tracking the real insulin activity of 
a U.S. 
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(0023 FIG. 7b shows the evolution of the insulin activity 
error in a user over time according to an embodiment of the 
invention. 
0024 FIG. 8a displays a traditional glucose prediction 
curve and measured glucose and free fatty acid values of a 
patient over 5 days. 
(0025 FIG. 8b illustrates the theoretical insulin activity 
with the calculated real insulin activity in the same patient as 
in 8a. 
0026 FIG. 8c illustrates the impact of the insulin activity 
error on the glucose prediction error in the same patient as 8a 
and 8b. 

(0027 FIG. 9 shows the display of the device of FIG. 6 
according to an embodiment when the device is used to track 
an intra-day evolution of glucose levels and the insulin activ 
ity error and display a warning about imminent hypoglyce 

18. 

(0028 FIG. 10 shows the display of the device of FIG. 6 
according to one embodiment of the invention, when the 
device is used to graphically display glucose levels and an 
insulin activity error. 
(0029 FIG. 11 shows the display of the device of FIG. 6 
according to an embodiment of the invention, when the 
device is used to display early morning test results for glucose 
levels and insulin activity error and the interpretation thereof. 
0030 FIG. 12A is a chart illustrating measured results for 
a patient during a first experiment conducted according to the 
teachings of the invention. 
0031 FIG. 12B is a graph showing a glucose prediction 
error, an insulin activity error, incidents of unexpected 
hypoglycaemia and incidents of expected hypoglycaemia for 
the patient during the first experiment. 
0032 FIG. 13A is a chart illustrating measured results for 
a patient during a second experiment conducted according to 
the teachings of the invention. 
0033 FIG. 13B is a graph showing a glucose prediction 
error, an insulin activity error, incidents of unexpected 
hypoglycaemia and incidents of expected hypoglycaemia for 
the patient during the second experiment. 
0034 FIG. 14A is a chart illustrating measured results for 
a patient during a third experiment conducted according to the 
teachings of the invention. 
0035 FIG. 14B is a graph showing a glucose prediction 
error, an insulin activity error, incidents of unexpected 
hypoglycaemia and incidents of expected hypoglycaemia for 
the patient during the third experiment. 
0036 FIG. 15A is a chart illustrating measured results for 
a patient during a fourth experiment conducted according to 
the teachings of the invention. 
0037 FIG. 15B is a graph showing a glucose prediction 
error, an insulin activity error, incidents of unexpected 
hypoglycaemia and incidents of expected hypoglycaemia for 
the patient during the fourth experiment. 
0038 FIG. 16A is a chart illustrating measured results for 
a patient during a fifth experiment conducted according to the 
teachings of the invention. 
0039 FIG. 16B is a graph showing a glucose prediction 
error, an insulin activity error, incidents of unexpected 
hypoglycaemia and incidents of expected hypoglycaemia for 
the patient during the fifth experiment. 
0040 FIG. 17A is a chart illustrating measured results for 
a patient during a sixth experiment conducted according to 
the teachings of the invention. 
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0041 FIG. 17B is a graph showing a glucose prediction 
error, an insulin activity error, incidents of unexpected 
hypoglycaemia and incidents of expected hypoglycaemia for 
the patient during the sixth experiment. 
0042 FIG. 18A is a chart illustrating measured results for 
a patient during a seventh experiment conducted according to 
the teachings of the invention. 
0043 FIG. 18B is a graph showing a glucose prediction 
error, an insulin activity error, incidents of unexpected 
hypoglycaemia and incidents of expected hypoglycaemia for 
the patient during the seventh experiment. 

DETAILED DESCRIPTION OF THE INVENTION 

0044) The present invention provides a system and method 
for managing diabetes and metabolic syndrome. The system 
and method of the present invention tracks dual parameters 
and utilizes the dual parameters to understand metabolic 
changes, understand the real insulin activity in a user, and 
provide management or therapeutic advice to a user. The 
invention will be described below relative to illustrative 
embodiments. Those skilled in the art will appreciate that the 
present invention may be implemented in a number of differ 
ent applications and embodiments and is not specifically lim 
ited in its application to the particular embodiments depicted 
herein. 
0045. As used herein, the terms “fat analyte' and “fat 
metabolism analyte' refer to an analyte generated in a patient 
when consuming body fat for energy Supply. Fatanalytes and 
fat metabolism analytes include, but are not limited to, 
ketones, glycerol, Free Fatty Acids (FFA) and a fatty acid that 
is representative of the total FFA's in the system, such as 
Palmitate. Free Fatty Acids are a family of different fatty 
acids, and traditional test systems for Free Fatty Acids mea 
sure the most representative fatty acid of the family, which is 
usually Palmitate. However, one skilled in the art will recog 
nize that other fatty acids present in other proportions are also 
representative of a total FFA level and may also be used. 
0046. As used herein, the terms “glucose analyte' and 
“glucose metabolism analyte' refer to an analyte indicative of 
glucose metabolism. Metabolic analytes indicative of glucose 
metabolism include, but are not limited to, glucose levels, 
pyruvate, glucoseophosphate and lactate. 
0047. The term “biological fluid as used herein refers to a 
fluid containing a metabolic analyte, including, but not lim 
ited to blood, derivatives of bloods, interstitial fluid, urine, a 
breath sample, saliva, and combinations thereof. 
0.048. As used herein, the term “insulin' or “medication” 

is intended to include any substance taken to interfere with the 
insulin-like activity, insulin resistance, lypolisis, insulin 
secretion, insulin sensitizers. Thiazolidines (TZD's). 
Examples include, but are not limited to, Insulin, Pioglita 
Zone, Metformin, Glucophage and others known in the art. 
0049. As used herein, the terms “real insulin activity”, 
“real insulin activity level and RIA refer the actual net insu 
lin effect on glucose and fat metabolism, i.e., the actual com 
bined effect of insulin concentration, insulin sensitivity and 
counter-regulating hormones in a patient or other user. 
0050. As used herein the term “theoretical insulin level 
refers to an estimated insulin level in a user based on calcu 
lations using a modeling algorithm. 
0051. As used herein, the term “insulin activity error', or 
IAE, refers to a discrepancy between a theoretical insulin 
level and a real insulin activity level found in the patient or 
other user. 
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0052. As used herein, the term “glucose prediction error, 
or GPE, refers to a discrepancy between measured glucose 
levels and theoretical glucose levels, estimated using a mod 
eling algorithm. 
0053 FIGS. 1a, 1b, 2, 3a, and 3b, illustrate a health 
monitoring device or monitor 10 for monitoring the health of 
a patient according to an illustrative embodiment of the inven 
tion. The illustrative health-monitoring device 10 includes a 
sampling device for sampling a biological fluid, Such as 
blood, and a testing device for measuring the levels of two 
analytes in the sample, for example a fatanalyte and a glucose 
analyte, through means known in the art. The device 10 
includes a processor 90, which is shown in FIGS. 3a and 3b, 
for running a program that uses the measured analyte levels to 
assess the health of a user. 

0054. In one embodiment, the device 10 correlates fat 
analyte and glucose analyte measurements to a health param 
eter to give the user an assessment of his health. The health 
monitoring device includes a display 19 for displaying results 
to the user, as well for providing the different options in 
tracking results and reading the advice. For example, as 
shown in FIG. 2, the illustrative device 10 calculates an insu 
lin sensitivity factor based on the measured levels of two 
analytes in a user. As shown, the health-monitoring device 10 
tracks the progress of the user's insulin sensitivity factor over 
time to provide feedback to the user regarding his health. 
0055 According to the illustrative embodiment, the health 
monitoring device 10 measures a fatanalyte, which is indica 
tive of fat metabolism in the user, and a glucose analyte, 
which is indicative of glucose metabolism in the biological 
fluid sample and uses the two measurements to calculate a 
health parameter. The fat analyte may comprise free fatty 
acids (FFA), ketones, glycerol or any other analyte that is 
indicative of lipolysis (fat breakdown) in the body. 
0056. According to another embodiment of the invention, 
the device 10 may used to track an intra-day evolution of 
glucose and FFA levels and display a warning about imminent 
hypoglycemia, according to an embodiment of the invention, 
as shown in FIG. 4. The device 10 may also be used to display 
early morning test results for glucose and FFA and the inter 
pretation thereof, as shown in FIG. 5. 
0057 According to another embodiment of the invention, 
as shown in FIGS. 6-10, the processor in the device 10 runs a 
program that uses the analyte levels in a sampled biological 
fluid to assess a real insulin activity level of the user. As shown 
in FIG. 6 the health monitoring device 10 of an illustrative 
embodiment of the invention may analyze a biological fluid 
sample and assesses an insulin activity error of a user over the 
course of a day, or other suitable time period, based on levels 
of two analytes in the sample. Insulin activity error refers to a 
discrepancy between a theoretical insulin level and a real 
insulin activity level found in the patient. The device of the 
illustrative embodiment of the invention compares the real 
insulin activity level with an assumed theoretical insulin 
activity to give the user an assessment of prospective effects 
on his glucose levels. 
0058. In another embodiment of the invention, the device 
10 may measure a user's real insulin activity levels, and 
compare the measured levels with theoretical insulin activity 
levels. For example, as shown in FIG.7a, the display 19 may 
track and show the difference between a theoretical insulin 
activity 201 and a real insulin activity level 210 over a period 
of time, indicated by axis 240. The difference is graphically 
represented as an insulinactivity error 230, which may also be 
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tracked. As shown in FIG. 7b, the insulin activity error 230 
may be tracked over a period of time, such as over several 
months, as shown. A positive error indicates more insulin 
activity than assumed from the theoretical insulin absorption 
CUWCS. 

0059 Based on the assessment, the device 10 may auto 
matically calculate and provide advice to a patient. For 
example, the device may formulate test frequency advice to 
the user based on measurements of the two analyte levels. The 
device 10 may formulate insulin dosing or other medication 
dosing advice to the user, or automatically instruct the right 
insulin dose to an insulin delivery device employed by the 
USC. 

0060 Referring back to FIG. 1, the device 10 includes a 
housing 11, which incorporates a sampling device, illustrated 
as a lancing device 12 having a lancet, for piercing the skin of 
a user. The sampling device is used to yield a biological fluid 
sample containing one or more of the analytes to be mea 
sured. The lancing device 12 may include a variable depth 
selector 14 for setting the penetration depth of the lancet and 
a trigger button 13 for releasing the lancet to prick the skin. 
One skilled in the art will appreciate that the lancing device 
does not have to be incorporated into the health-monitoring 
device 10 but can be a separate stand alone device. Alterna 
tively to the lancet, a hollow needle may be used to extract the 
sample from or from within the skin. The sampling device 
may comprise any suitable means for yielding a biological 
fluid sample and is not limited to a lancing device or other 
device for piercing the skin of a user. 
0061 The illustrative testing device 10 includes a test port 
15, which allows a disposable test element 17 to be inserted 
into the apparatus. The test element 17 may comprises any 
Suitable device for measuring analytes, including, but not 
limited to a test strip, a skin inserted device. Such as a catheter, 
or a measuring device that uses a non-invasive methods of 
measurement which may not utilize a body fluid sample. The 
test element 17 generates a signal indicative of the concen 
tration of the tested metabolic analytes in the sample, which 
can be based either on a photometric, electrochemical ana 
lytical method or any other suitable method known in the art. 
The test port 15 may include electrical contacts for reading 
the signal of an electrochemical based test strip or may hold a 
photometric or reflectometric cell to read the signal of a 
photometric test strip. Other readers can be used in accor 
dance with the teachings of the invention, including, but not 
limited to a fluorescence reader, magnetic reader, and others 
known to those of ordinary skill in the art, depending on the 
utilized test element or assay technology. 
0062 One single test element 17 may be utilized to mea 
Sure both analytes, so that the patient has to sample only once 
(i.e. stick his finger to obtain a blood drop) to obtain both 
results. Alternatively, a different test element can be used for 
each analyte measured in the patient. For example, one ana 
lyte can be measured by one method (i.e., photometrically), 
and the other by another method (i.e., electrochemically), and 
the meter may incorporate both methods. 
0063 Based on the measured levels of the analytes in the 
biological sample, a processor in the health-monitoring 
device 10 calculates a health parameter, such as a real insulin 
activity level, a prospective glucose level, and/or an insulin 
activity error, and provides feedback to the user regarding the 
calculated health parameter. 
0064. A data communication port 16 in the housing 11 
allows insertion of an electrical connector to access the elec 
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tronics in the device 10. This feature can be used to download, 
as well as upload, data and programs. One skilled in the art 
will recognize that communication between the electronics is 
not limited to electrical communication. Acoustic, optic (in 
frared), radio waves or other communication means known in 
the art may be used as well. 
0065. The illustrative device 10 may include an interface 
button 18 for navigating menu options presented on the dis 
play 19 or to select and confirm data inputs and outputs. 
0066. The correlation between the measured analyte lev 
els and the health of a user, assessed using a program stored in 
the device 10 of FIGS. 1a and 1b, the real insulin activity, 
and/or an insulin activity error assessed using a program 
stored in the device 10 of FIG. 6, will be described in greater 
detail below. 
0067. The illustrated monitor 10 contains electronics, 
including a processor 90 for reading and receiving a signal 
from the test element 17, shown in FIGS.3a and 3b. By using 
the calibration information for the test element, the processor 
90 can convert the measured signals generated by the test 
element 17 to a concentration of each of the tested metabolic 
analytes. The processor 90 provides feedback to a user based 
on the levels of the first and second metabolic analyte in a 
biological fluid sample. The processor 90 includes a calcula 
tor 92 for determining the level of the first metabolic analyte, 
Such as a fat analyte, and a second metabolic analyte. Such as 
a glucose analyte in the sample. The processor 90 also 
includes a correlator 94 for correlating the levels of the first 
and second metabolic analyte to a health parameter indicative 
of the user's health. Alternatively, the correlator 94 may cor 
relate the levels of the first and second metabolic analytes to 
the real insulin activity in a user, and calculate an insulin 
activity error representing a discrepancy between the real 
insulin activity and a theoretical insulin activity level. The 
measured analyte concentration can be displayed on the dis 
play 19 and/or stored into memory of the monitor 10. 
0068. In one embodiment, as shown in FIG.3a, the moni 
tor 10 may form part of a health monitoring system 300. The 
health monitoring system comprises the monitor 10 and a 
remote site 72 having a database 74 for storing data obtained 
by the monitor 10. As shown, the monitor may be connected 
to the remote site 72 over a network 76. 
0069. According to an illustrative embodiment of the 
invention, the health monitoring device 10 utilizes and imple 
ments relationships between fatanalytes and glucose analytes 
in the body and parameters indicative of the health of a user. 
The processor 90 may be programmed to calculate a health 
parameter based on known relationships between levels offat 
analytes and glucose analytes and certain health parameters. 
For example, in the human body, levels of free fatty acids 
(FFA) rise when there is a rise in insulin action and a raise in 
counter-regulating hormones. Obesity is also commonly 
associated with elevated plasma free fatty acid (FFA) levels, 
as well as with insulin resistance and hyperinsulinemia, two 
important cardiovascular risk factors. 

Free Fatty Acids and Lipid Metabolism 
0070 A drop in insulin action and a rise in counter-regu 
lating hormones also tends to cause a rise in Free Fatty Acids 
(FFA) in the human body. Adipose tissue plays an important 
role in energy Supply. In the absence of Sufficient glucose to 
meet the body's energy needs, lipolysis, i.e., fat breakdown, 
supplies Free Fatty Acids for energy. Body fat is broken down 
to release Free Fatty Acids (FFA) and glycerol into the circu 
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lation. This typically occurs in the post-absorptive phase (the 
time span between the digestion of a meal and the start of the 
next meal) and overnight (the longest fasting period of the 
day). The regulation of lipolysis is under control of a variety 
of hormones, including insulin, glucagon, growth hormone 
(GH), epinephrine, adrenalin and cortisol. 
0071 Under caloric restriction, glucose levels in the body 
drop progressively, and then stabilize. As a reaction, plasma 
levels of insulin drop while glucagon levels increase. The 
result of this decreased insulin/glucagon ratio is a lipolytic 
effect on the fat tissue, which releases FFA into the blood 
stream. The FFA generally have two destinations: some are 
consumed directly by the body tissues for energy, other enter 
the liver cells for ketogenesis (beta-oxidation to form 
ketones). In addition, glucagon will also stimulate the libera 
tion of glucose from the liver and muscle stores to compen 
sate for a shortage of glucose. 
0072 Besides glucagon, other hormones will try to com 
pensate for the shortage of glucose. Growth hormone, for 
example, plays an important role during the night to ensure 
sufficient energy substrates are available. Growth hormone 
(GH) infusion in normal subjects increases glycerol and FFA 
concentrations, indicating an enhanced lipolysis. The keto 
genetic effect of growth hormone is explained by the increase 
of substrate (FFA) through enhanced lipolysis. Growth hor 
mone secretion is typically increased early in the night to 
compensate for dropping glucose levels in the blood. Drop 
ping glucose concentration and insulin levels triggers the 
increase in GH secretion. In insulin dependent diabetes, GH 
secretion is markedly increased, especially in adolescents and 
patients with poorly controlled diabetes. 
0073. It has been suggested that there is a negative feed 
back loop between FFA and Growth Hormone. Lack of FFA 
itself may be the signal for growth hormone release despite 
the lag (generally about 2 hours) period between FFA 
decrease and Growth hormone increase. Glucose and FFA 
can not fully replace each other in their respective influence 
on growth hormone. 
0074 GH effects during the night may play an important 
role to the origin of the “dawn-phenomenon' found in dia 
betic patients, a low glucose level during the night followed 
by a high glucose at wake with an increased need for insulin. 
The typical increase of FFA, most often a doubling of the 
baseline levels, generally occurs between 2 and 3 hours after 
the GH peak. 
0075 Adrenaline and epinephrine, two hormones pro 
duced under stress conditions also stimulate lipolysis in an 
attempt to ensure sufficient energy Substrates. 
0076. In summary, FFA rises due to a drop in insulin action 
and a raise in counter-regulating hormones. The raise in 
counter-regulating hormones is influenced by a couple trig 
gers, which can sometimes be unpredictable. Such as meal 
intake during the day and GH, stress and nervosa for adrenalin 
and epinephrine, the circulating level of insulin and the glu 
cose concentration in the blood. Therefore, the rise in FFA's 
and their association with insulin sensitivity and glucose lev 
els is unpredictable and justifies the need for frequent moni 
toring. 

Lipolytic Parameters. 
0077 According to an illustrative embodiment, the moni 
toring devices measures and correlates Free Fatty Acid levels 
to analyze a user's health, though one skilled in the art will 
recognize that any analyte that reflects lipolysis can be used. 
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For example, other analytes, such as ketones and glycerol are 
also products from lipolysis, and can be used to assess the 
effect of the counter-regulating hormones in the body. As 
described above, under a condition of low insulin, low glu 
cose and high counter-regulating hormones (such as, but not 
limited to Growth hormone, glucagon, cortisol, epinephrine 
and noradrenaline), lipolysis is stimulated to Supply other 
Sources of energy than glucose. Body fat is stored as triglyc 
erides, which is a molecule made up of three free fatty acid 
(FFA) chains and one glycerol. Lipolysis will thus liberate 
FFA and glycerol from the fat stores into the circulation. The 
FFAs can enter body cells (but not neural tissue cells), and be 
oxidized. FFA can also enter the liver mitochondria and be 
converted to ketones, also a source of energy but in high 
concentration those can be toxic. Glycerol will contribute to 
the new formation of glucose. 
0078 FIG. 2 illustrates the use of the health-monitoring 
device 10 to monitor a successful therapeutic effect over the 
course of months. As shown, the display 19 of the device 10 
may be used to display a graph 21, which tracks a user's 
insulin resistance factor by graphing a curve 23 overtime. The 
graph may also display a therapeutic goal 22 (graphed as a 
Zone) which was set for the particular patient. The device 10 
may compare the user's actual insulin resistance factor with a 
set goal to provide feedback and motivation to the user. 
007.9 The device 10 may also be used to monitor insulin 
dependent diabetes patients. Insulin dependent diabetes 
patients are characterized, among other elements, by a short 
age or even absence of insulin. Typically, these patients are 
treated through self-administration of insulin. Insulin, which 
is injected by the patient himself, comes in different forms: 
Some preparations have a very fast and short action profile and 
are used typically to clear the carbohydrates from the blood 
stream after a meal. Other preparations have a long half-life 
time and are used to supply a patient with a more or less stable 
base amount of insulin throughout the day and night. 
0080. It is the duty of the patient to balance the amount of 
these two insulin types with the size and composition of his 
meals, exercise, stress levels, sickness, and sleep and wake 
cycles. The goal of such a treatment is to achieve near-normal 
glucose levels. Some patients may use an insulin pump, 
which delivers continuously a self-selected amount of insulin 
through a catheter. Self-management is daunting task for the 
average person with diabetes. 
I0081. A major challenge in the management of insulin 
dependent diabetes is to endure the night (the longest period 
of fasting) with close to normal glucose levels while avoiding 
hypoglycemia. The lack of food intake over this period makes 
it difficult not to overdose insulin whilst avoiding hypergly 
cemia. An additional problem facing insulin dependent dia 
betics is the long period that needs to be covered without an 
intervention, Such as a glucose test, a meal or insulin injection 
(since the patient is asleep). Hypoglycemia at night is com 
plicated by the absence of external notice of the problem and 
of external intervention. 

I0082 Glucose levels tend to fall in the first half of the night 
as the evening meal is digested and the glucose absorbed into 
the muscle and liver. The counter-regulating hormones, espe 
cially Growth hormone and glucagon, start to stimulate 
lipolysis to supply the body with FFAs and glycerol as ener 
getic substrates for metabolism. The substitution of Glucose 
by FFAs for the energy needs saves the further consumption 
of glucose by muscle and other tissues, freeing up glucose for 
oxidation by the neural tissues (brain, nerves) to maintain 
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metabolism. Glycerol will contribute to the neogenesis of 
glucose. Those two elements will cause the glucose level to 
increase by early morning. Cortisol levels increase as well 
before waken up and have a similar hyperglycemic effect. 
0.083. As a result, night hypoglycemia may not be recog 
nized in the early morning glucose values. However the FFA 
levels before breakfast may give insight in the level of lipoly 
sis occurring overnight, reflecting the degree of hypoglyce 
mia of the previous night period. 
0084. Depending on the relative imbalance between the 
evening and/or bedtime food intake and the amount of 
injected insulin, glucose levels in the morning can vary Sub 
stantially. 
0085 Thus, high glucose levels in the morning may result 
from a relative overdose of insulin the evening before. High 
FFA levels at wake indicate a hypoglycemia overnight. When 
coinciding with high glucose levels, this condition should not 
be treated with a higher insulin dose at bedtime. 
I0086 A milder form of the counter-regulating hormone 
action is known as the “dawn-phenomenon', a condition that 
occurs when a patient wakes up with a high glucose level and 
high ketone levels (indicative for the enhanced lipolysis) as a 
reaction to low overnight glucose levels. Insulin dependent 
patients tend to require more insulin in the morning to lower 
their blood glucose than during the course of the day. This 
reduced insulin sensitivity, caused by the counter-regulating 
hormones (even in absence of night hypoglycemia) may be 
assessed by measuring FFA levels together with the glucose 
level in the morning before breakfast. FFA levels can double 
at wake in the existence of the Dawn-phenomenon. 
0087. The health-monitoring device 10 may also be used 
to provide assistance in determining insulin dosage, based 
upon both the glucose levels and the FFA levels in the user. 
For example, the health-monitoring device 10 may be used to 
retrospectively assess night hypoglycemiautilizing measured 
FFA levels. As described, glucose levels alone are not ideal to 
dose insulin. Glucose readings can be normal to very high in 
the morning as a consequence of hypoglycemia overnight. 
This situation is rather caused by an over-dosing of insulin 
relative to the meal intake in the evening. These patients with 
high glucose and high FFA in the morning should reduce 
insulin (or increase caloric intake or change meal composi 
tion) in the evening rather than take more insulin, which is the 
natural reflex. Current practice in self-dosing of insulin lacks 
the counter-regulating hormone information and works with 
glucose levels alone. Most often this results in patients taking 
more insulin the next evening to tackle the hyperglycemia. As 
a consequence, the following night even more severe hypoly 
cemia and consequential hyperglycemia can be the result. It 
usually takes several days to get back into control. 
I0088. For example, FIG. 5 shows the display 19 of the 
health-monitoring device 10 of FIG. 1 according to one 
embodiment when the device is used to display early morning 
test results for the two analytes. As shown, the display 19 of 
FIG. 5 displays a first analyte measurement, illustrated as the 
free fatty acid measurement and a second analyte measure 
ment, illustrated as the glucose measurement, in measure 
ment region 41. The device compares the measurements to 
the target range, shown in target region 42. The illustrative 
device 10 may identify the analyte pattern typical for night 
hypoglycemia and may provide a diagnosis to the user, shown 
in diagnosis region 43 of the display 19. For example, as 
shown, the device 10 may conclude that the patient should 
reduce his evening insulin to avoid repetition of a night 
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hypoglycemia, as show by the recommendation 45. In addi 
tion, as a consequence of the high FFA in the morning, the 
device may calculate and inform the patient that, for example, 
50% more insulin will be needed to tackle the increased 
insulin resistance, as shown in dosage region 44 of the display 
19. 

I0089. The health monitoring device may also be used to 
identify over-insulinized patients by measuring FFA levels. 
The risk exists that the patient becomes trapped in a cycle of 
increasing his insulin each time he perceives a high glucose 
reading. Ignorant about the effects of the counter-regulating 
hormones, a patient may end up with frequent high levels of 
both FFA and glucose, and a low insulin sensitivity while 
consuming large amounts of insulin. The medical community 
has started to recognize this logical self-perpetuating cycle. 
The only efficient, though intuitively contrary approach is to 
drastically reduce the insulin intake to restore the hypoglyce 
mia, reduce the FFA levels and improve the insulin sensitivity. 
Therefore, information regarding FFA combined with glu 
cose levels, as measured and analyzed using the device 10, 
may provide information early to the patient so he can avoid 
over-insulinization or restore insulin sensitivity. 
(0090. As shown in FIG. 1, the device 10 of the present 
invention may be used to track the evolution of an insulin 
sensitivity factor in a patient. Depending on the Volatility of 
the insulin sensitivity factor and the therapeutic goals, the 
time basis for the tracking can be changed, showing the evo 
lution over weeks or days, rather than months. An (averaged) 
intra-day evolution can reveal even more detailed informa 
tion. Consistent low insulin sensitivity in the late afternoon, 
for example, may signal the patient to reduce insulin before 
lunch or increase the lunch calorie content or composition. 
0091. According to another embodiment of the invention, 
the device 10 can measure and utilize FFA and glucose levels 
to assess the prospective development of hypoglycemia and 
hyperglycemia in a patient. For example, FIG. 4 shows use of 
the device 10 of the illustrative embodiment of the present 
invention to inform the user regarding potential imminent 
hypoglycemia, as shown in FIG. 4. The challenge of the night 
hypoglycemia and “dawn phenomenon' treatment is to avoid 
low glucose levels overnight primarily by identifying the 
conditions in advance. FFA levels in combination with glu 
cose measurements, as detected by the device 10, can help to 
avoid low glucose levels overnight. Certain patterns, such as 
a normal to low glucose level in the presence of low FFA level 
at bedtime or early night, may indicate the development of 
hypoglycemia in the near future. By detecting this pattern, the 
system and method of the invention may help the patient to 
take preventive steps to avoid imminent hypoglycemia. The 
device may provide recommendations to the patient, such as 
to take an extra Snack (with slow absorbing carbohydrates) 
before going to sleep. As shown in FIG. 4, the device 10 
graphs both free fatty acid levels 32 and glucose levels 33 on 
the display 19 and compares the measured levels to a thera 
peutic goal, illustrated as region 31. The display may display 
a message 34 that warns the user of potential hypoglycemia, 
based on the measured analytes. In FIG. 4, the illustrative 
device 10 recognizes that although the glucose reading 31 is 
near normal, the low FFA level 32 indicates a strong insulin 
activity in spite of the already normal to low glucose level. 
0092. In the opposite case, when the glucose level is nor 
mal to high in the presence of a high FFA level at bedtime or 
early night, one might expect a hyperglycemic response. This 
situation typically occurs when insufficient insulin is avail 
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able. The high FFA level in combination with the lack of 
insulin action may result in keto-acidosis, which can be a life 
threatening condition and may lead to a coma. When Such a 
condition exists, the device 10 can detect the condition and 
may recommend to the patient to take extra insulin or reduce 
food intake to correct the condition. 
The Correlation of the Analyte Levels to the Real Insulin 
Activity in a user: 
0093 FIGS. 6-10 relate to use of a health monitoring 
device of an illustrative embodiment of the invention for the 
correlation of the analyte levels to a real insulin activity level 
and for providing a measurement indicative of a difference 
(i.e., insulin activity error) between real insulin levels and 
theoretical insulin levels according to another embodiment of 
the invention. Particular challenges are inherent to regulate 
glucose levels in Type I diabetes. Type I patients lack the 
required insulin production (partially or completely). Such a 
patient is required to dose his insulin accurately and inject 
himself several times a day. The dosing of the insulin is based 
on the diabetic patient's assumed food intake, his basic meta 
bolic rate, sleep and wake cycle, exercise sessions, episodes 
of sickness, emotional stress, and other factors. 
0094 Current algorithms for dosing insulin are based on a 
theoretical absorption (appearance in the bloodstream) of the 
Subcutaneous injected insulin dose and are inadequate. To 
help absorb the carbohydrates and fats from a meal, the 
patient injects himself with a quantity of short-acting insulin 
prior to each meal. The insulin needed for the basal metabo 
lism is covered by a once-a-day injection of long-acting insu 
lin. In the theoretical patient, these interventions keep his 
blood glucose levels within physiological limits. However, a 
series of unpredictable interferences interact with the insulin 
absorption and its activity, resulting in hypo- and hyper-gly 
caemic episodes as well as unwanted counter-regulating 
eVentS. 

0095. Therefore, a real insulin activity level in a user is 
often different from the theoretical level, leading to an inabil 
ity to accurately control one's health. 
0096. This embodiment of the invention facilitates assess 
ment of the discrepancy between the “real insulin activity” 
and the “theoretical insulin activity” to provide a parameter 
known as an “insulin activity error', which may then be used 
to control the patient's insulin more accurately and promote 
the patient's overall health. 

The Real Insulin Activity: 
0097. The illustrative embodiments of the invention define 
real insulin activity as the net insulin effect on glucose and fat 
metabolism. Different components contribute to this real 
insulin activity and its difference with the theoretical insulin 
activity, including the variability in the absorption of insulin, 
the presence of counter-regulating hormones, the presence of 
anti-insulin antibodies, the clearance of insulin from the cir 
culation, insulin sensitivity of the tissues, and other factors. 
The present invention may calculate and track the difference 
between the real insulin activity and the theoretical insulin 
activity in a user to promote the overall health of the user. 
0098. For the factor of variability of the absorption, there 

is a great variance in absorption of Subcutaneously injected 
insulin. Using the plasma concentration of insulin eliminates 
the variance in absorption of the Subcutaneously injected 
insulin. This variability can be significant depending on, the 
site of injection, the nature of the injection site, and the depth 
of the injection. For example, there is a difference in absorp 
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tion between injections to the belly, which tend to be fast 
absorbing, and to the leg, which tend to be slow absorbing. In 
addition, injecting in the same (scarred) skin areas gives a 
slower absorption. Blood flow and vasodilatation around the 
injected bolus also varies with emotion, stress and tempera 
ture. In addition, insulin injected into the muscle (too deep) 
will appear faster in the bloodstream than the correct subcu 
taneous injection. Therefore, these and other factors affect 
how quickly the insulin is absorbed, which in turn may cause 
a discrepancy between a real insulin activity level and an 
expected or theoretical insulin activity level. 
0099. A series of hormones present in plasma, known as 
counter-regulating hormones, exert the opposite effect on 
glucose and fat metabolism. For example, Growth hormone, 
Glucagon, Cortisol, Catecholamines and others have hyper 
glycaemic effects on glucose metabolism. They elevate glu 
cose levels through the release of glucose from the glycogen 
stores in the liver, the Supply of an alternative energy source 
(FFA from fat depots) and inhibit the storage of glucose. 
Some of these hormones actions explain typical deregulation 
in Type I diabetes: Stress (catecholamines and cortisol) coin 
cides often with high glucose levels. In addition, counter 
regulating hormones have a particular action on fat metabo 
lism: Lipolysis, or the release of Free Fatty Acids (FFA) into 
the circulation for energy Supply. Therefore, the presence or 
absence of Such hormones may cause a discrepancy between 
a real insulin activity level and an expected or theoretical 
insulin activity level. 
0100 A variety of different anti-insulin antibodies to insu 
lin have been discovered. They partially or completely inac 
tivate the insulin they bind to, also affecting the real insulin 
activity leveland potentially causing a discrepancy between a 
real insulin activity level and an expected or theoretical insu 
lin activity level. 
0101. In addition, there are individual variations in the 
clearance of active insulin from the bloodstream, which may 
affect the actual level of insulin in the blood. 
0102 The individual response to a dose of insulin is also 
dependent on sensitivity of the body's organs to insulin. 
Muscle, the main consumer organ of glucose and FFA, can 
have a variable response to the same dose of insulin. The 
sensitivity varies from person to person, in function of the 
severity of the disease and obesitas. The sensitivity also varies 
during the day. Some of the underlying causes of insulin 
resistance include, but are not limited to, that at the muscle 
level high FFA concentration inhibits glucose uptake, glyco 
gen synthesis and glucose oxidation and that the effects will 
reduce the clearance of glucose from the bloodstream, result 
ing in high glucose levels. More insulin will therefore be 
needed to maintain normal glucose levels. 
0103 All current methods do not compensate for those 
interfering factors and rely on the appearance of insulin in 
plasma based on the theoretical absorption curves. The illus 
trative embodiment of the invention incorporates all of them 
by assessing the real insulin activity based on the measure 
ment of an analyte from fat metabolism and glucose metabo 
lism, rather than inaccurate estimations. 

Assessing the Real Insulin Activity: 
0104. In addition, fat tissue metabolites reflect the real 
insulin activity in a patient. A drop in insulin action and a rise 
in counter-regulating hormones tend to cause a rise in Free 
Fatty Acids (FFA). Adipose tissue plays an important role in 
energy Supply. In the absence of sufficient glucose and insulin 



US 2011/00468.92 A1 

to meet the body's energy needs, lipolysis supplies Free Fatty 
Acids for energy. Body fat is broken down to release Free 
Fatty Acids (FFA) and glycerol into the circulation. This 
typically occurs in the post-absorptive phase (the time span 
between the digestion of a mealand the start of the next meal) 
and overnight (the longest fasting period of the 2411-day). 
The regulation of lipolysis is under control of a variety of 
hormones, including insulin, glucagon, growth hormone 
(GH), epinephrine, adrenalin and cortisol. 
0105. An illustrative embodiment of the invention uses 
FFA measurements to reflect the insulin, counter-regulating 
hormones and insulin sensitivity to compose the real insulin 
activity, as shown in FIGS. 8A-8C. 
0106. One or more additional parameters, such as body 
mass index, gender, meal intake, medication, exercise dura 
tion and intensity, alcohol consumption and weight, may be 
utilized in an algorithm run by the health-monitoring device 
10 to correct for the insulin activity error calculated in the 
manner described above. The algorithm correcting for the 
insulin activity error may be used to model the glucose levels 
in the patient for a future period. 
0107. In FIG. 8A, a traditional glucose prediction algo 
rithm (such as DIASnet) is used to predict near term glucose 
levels 411 in function of the injected quantity and type of 
insulin, the theoretical insulin absorption curves, the meal 
intake, the theoretical gut absorption curves, as well as the 
duration and intensity of exercise. The predictive accuracy is 
poor of such algorithms. FIG. 8A clearly shows the measured 
glucose values 431 deviating from the predicted glucose lev 
els 411. 
0108. This algorithm, in the ideal predictable patient, may 
predict the obvious hypo- and hyper-glycaemic episodes 441 
due to a known mistake such as: skipping a meal, injecting too 
little or too much insulin. 
0109. In the real patient, about half the hypo- or hyper 
glycaemic episodes are not detected by Such algorithm. FIGS. 
8A and 8C show three unpredicted hypoglycaemic episodes 
451 that occur in a patient, as able to be tracked by a health 
monitoring device of an illustrative embodiment of the inven 
tion, while only two episodes 441 were predicted according to 
traditional methods. 

0110. The illustrative embodiment of the invention cor 
rects the classical glucose prediction models by measuring 
the FFA levels 461 and consequently correcting the theoreti 
cal insulin activity 421. FIG.8B shows the theoretical insulin 
curve 421 with the real insulin activity 471, illustrating a 
discrepancy between the two levels, as tracked using the 
illustrative health monitoring device. This real insulinactivity 
is a mathematical reciprocal conversion of the FFA levels 
461. The mathematical conversion is done for Scaling and 
range purposes. The reciprocal function is introduced 
because of the inverse relationship between FFA and insulin 
activity. The units in the Y-axis are arbitrary. 
0111. From the calculations shown in FIG. 8B, the differ 
ence between the theoretical insulin activity 421 and the real 
insulin activity 471 is calculated. This difference, the insulin 
activity error, is shown in FIG. 8C as a curve 481 and can be 
tracked and displayed on the display 19 of the health-moni 
toring device 10, as shown in FIGS. 6-7B. 
0112. As shown in FIG. 8A, the difference between the 
predicted glucose values 411 and the measured glucose val 
ues 431 can also be tracked using the device of the present 
invention. This difference, the glucose prediction error, is 
shown in FIG. 8C as a curve 491. 
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0113. As shown in FIG. 8C, the glucose prediction error 
(GPE) 491 calculated according to the teachings of the inven 
tion can be either positive, when the measured glucose level is 
higher than predicted, or negative, when the measured glu 
cose level is lower than predicted. A negative GPE does not 
necessarily leads to a hypoglycaemia incident. Rather, the 
occurrence of hypoglycaemia depends upon how low the 
absolute glucose level is in the patient. 
0114. As shown in FIG. 8C, the health monitoring device 
may employ the insulin activity error (IAE) 48 to explain the 
glucose prediction error 491. As described above, the “Insulin 
Activity Error” refers to the difference between a real insulin 
activity and a theoretical insulin activity. As shown, the unex 
pected hypo- and hyper-glycemic episodes 451 are antici 
pated by a significant IAE. 
0115 Typically, a strong positive IAE 481 (indicating a 
higher Real Insulin Activity than in the theoretical model) 
would lead within 4-6 hours to a much lower than predicted 
glucose level (a negative GPE) 491, and vice versa, which can 
be tracked, predicted and monitored using the illustrative 
health monitoring device. 
0116. Therefore, the calculation of an insulinactivity error 
according to an illustrative embodiment of the invention can 
be useful in promoting the health of a user. 

Applications of the Real Insulin Activity and the Insulin 
Activity Error 

0117 Referring to FIG.9, a home monitor device 10 of an 
embodiment of the invention may test for both glucose and 
FFAs (glycerol or ketone bodies), preferably in a combined 
strip. Each time the patient test his pre-prandial glucose level. 
the device may measure the FFA (glycerol or ketones) levelas 
well. In one embodiment, only the glucose result is displayed 
in area 52 of the screen 19, while the FFA testing and the FFA 
VS. insulin algorithm runs in the background, invisible to the 
patient. However, the FFA levels may also be displayed on the 
screen 19 in accordance with the teachings of the invention. 
0118 Upon detection of an imminent insulin under- or 
over-activity, the monitor may advise the patient to increase 
his testing frequency, as shown in area 51 on the screen 19 of 
the device. By doing so, the patient may pick up unexpected 
high or low glucose levels as they start to develop and prior to 
any damage to his health. 
0119 Inputs to the device to provide the results shown in 
FIG. 9 may include glucose and FFA levels, information 
regarding meals, insulin injections, exercise, and/or alcohol 
intake. The Glucose and FFA (glycerol or ketones) levels are 
preferably tested four times a day: before each meal and at 
bedtime. The meal information may include only the carbo 
hydrate intake in bread units or grams, or any Suitable param 
eter. Information regarding insulin injections may include the 
type and number of insulin units. 
I0120) The output from the device shown in FIG.9 is pref 
erably advice on the testing frequency to guide a patient 
through a critical deregulation period. The system may or 
may not justify the reason of its advice: “Start testing every 
hour, more insulin activity is coming' or "Start testing every 
hour, your glucose may drop more than expected 51. 
I0121. As shown in FIG. 10, the health monitoring device 
may display the glucose result 52 against the therapeutic 
target range 53 in display 19. In addition, the insulin activity 
error 54 can also be graphically presented against a target 
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range, illustrating to the user that the combination of a near 
normal glucose level together with a high insulin activity 
error is becoming dangerous. 
0122) The use of a health monitoring device to determine 
glucose levels, free fatty acid levels, calculate an insulinactiv 
ity error and/or provide advice to a patient, as shown in FIG. 
6-10, provides significant benefits to a patient. For example, 
the user will be alerted in advance by both predicted and 
unpredicted low or high glucose levels. The advance notice is 
usually 4 to 8 hours, but can be any suitable time period. The 
user can decide to take pre-emptive measures. For example, 
the care taker of a child can make Sure the child is put to sleep 
with normal glucose levels and a normal insulin activity, a 
patient can take an additional or a corrected amount of insu 
lin, take more or less carbohydrates and/or can decide to take 
an evening Snack or delete it, in response to the output from 
the device 10. 
0123. Alternatively, or in addition, the user can track the 
deteriorating glucose levels and take appropriate intervention 
action. For example, the user can seek medical help in time, 
avoid the keto-acidosis to develop by treating his hypergly 
caemia, and/or treat the hypoglycaemia. 
0.124. The heath-monitoring device of the present inven 
tion may also or alternatively be used to identify over-insulin 
ization. Frequent episodes of hypoglycaemia and the rebound 
hyperglycemia are often due to over-insulinization. Over 
insulinization is detected by finding frequent or consistent 
episodes of high real insulin activity or negative insulin activ 
ity errors. The patientorhealthcare professional can adapt the 
insulin regime for avoiding this very frequent phenomenon. 
0.125. The device may also empower patients with a low 

test frequency to take control. Both expected and unexpected 
low or high glucose levels happen probably once to twice per 
24 hours and are the main reason why patients feel that they 
cannot manage their diabetes. Consequently they test less 
because they feel unable to “do it right'. They usually test 
because “their HCP told them to test”. When those patients 
feel low or high, they experience this as a confirmation of their 
inability to cope with the disease. 
0126. It is therefore likely that those patients will resume 
testing when their glucose system adds advanced information 
of what might happen in the near future so they can now take 
advanced precautions. The invention can empower patients 
testing only once or twice a day to test 4 times a day. In 
addition, when patients will follow the test frequency advice, 
they will be able to avoid a significant number of hypo- and 
hyper-glycaemic episodes. 
0127. The monitoring device may also be used to provide 
assistance in determining insulin dosage, based upon both the 
glucose levels and the FFA levels in the user. For example, as 
shown in FIG. 10, the device may identify hypoglycaemia 
retrospectively. 
0128. As described, glucose levels alone are not ideal to 
dose insulin. Glucose readings can be normal to very high in 
the morning as a consequence of hypoglycaemia overnight. 
This situation is rather caused by an over-dosing of insulin 
relative to the meal intake in the evening. These patients with 
high glucose and high FFA in the morning should reduce 
insulin (or increase caloric intake or change meal composi 
tion) in the evening rather than the natural reflex of taking 
more insulin. Current practice in self-dosing of insulin lacks 
the counter-regulating hormone information and works with 
glucose levels alone. In contrast, the present invention allows 
more accurate control of glucose levels. 
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I0129. High FFA levels in the morning may indicate a 
strong counter-regulating hormone activity. This translates 
into a low real insulin activity. The strong negative insulin 
activity error together with normal to high glucose level is 
indicative of a past hypoglycaemic episode, which may be 
identified using the device of the present invention. 
I0130. For example, FIG. 11 shows the display 19 of the 
health monitoring device according to one embodiment when 
the device is used to display early morning test results of 
glucose and IAE. As shown, the display 19 of FIG. 11 dis 
plays a first analyte measurement, illustrated as the IAE cal 
culation, and a second analyte measurement, illustrated as the 
glucose measurement, in measurement region 61. The device 
compares the measurements to the target range, shown in 
target region 62. The device may identify the analyte pattern 
typical for night hypoglycaemia and may provide a diagnosis 
to the user, shown in diagnosis region 63 of the display 19. For 
example, as shown, the device may conclude that the patient 
should reduce his evening insulinto avoid repetition of a night 
hypoglycaemia, as show by the recommendation 64. 
I0131. In addition, as a consequence of the negative IAE 
(high FFA) in the morning, the device may calculate and 
inform the patient that, for example, 50% more insulin may be 
needed to tackle the increased insulin resistance, as shown in 
dosage region 65. However, some modern clinicians may 
instruct the patient not to increase the insulin dose in this 
situation of high glucose levels. The negative IAE is primarily 
due to high counter-regulating hormone activity which will 
fade over the next 12 hours. The clinician may then want to 
avoid an excess in insulin activity which may lead to a new 
hypoglycaemia. 
0.132. The use of a device that identifies hypoglycaemia 
retrospectively also provides significant patient benefits. As 
described, glucose levels alone may not be ideal to dose 
insulin. Glucose readings can be normal to very high in the 
morning as a to consequence of hypoglycaemia overnight. 
These patients with high glucose and a negative IAE in the 
morning should reduce insulin (or increase caloric intake or 
change meal composition) in the evening rather than the 
natural reflex of taking more insulin. Current practice in self 
dosing of insulin lacks the Real Insulin Activity information 
and works with theoretical insulin activity alone. As a conse 
quence, the described invention allows patients to avoid the 
hypoglycaemia overnight by taking the right measures. 
Instead of the usual several days to get back into control, a 
patient employing a health monitoring device of the invention 
may be back on track by the next evening. 
I0133. The increased insulin resistance in the morning fol 
lowing a hypoglycaemia, as quantified in the IAE can now be 
used to adjust the insulin dose in the morning. A strong 
negative IAE indicates a higher amount of insulin will be 
needed to keep glucose levels within the normal rage. Alter 
natively, the user may be advised, as modern clinicians now 
advise, not increase the insulin dose, since the insulin activity 
error will normalise over the course of the day when the 
counter-regulating hormones fade out. 
I0134) Referring again to FIGS. 7A and 7B, the insulin 
activity error calculated using the device of an illustrative 
embodiment of the invention may be used to identify over 
insulinized patients. The risk exists that the patient may 
become trapped in a cycle of increasing his insulin each time 
he perceives a high glucose. Ignorant about the effects of the 
counter-regulating hormones, a patient may end up with fre 
quent negative IAE's and high glucose while consuming large 
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amounts of insulin, creating a self-perpetuating cycle. The 
only efficient, though intuitively contrary approach is to dras 
tically reduce the insulin intake to restore the normo-glyce 
mia, reduce the FFA levels and minimize the IAE, which may 
be advised when employing a device according to the teach 
ings of the invention. 
0135. Therefore, the insulin activity error 230 (the differ 
ence between the real insulin activity 210 and the theoretical 
insulin activity 201) as calculated from FFA levels and 
injected insulin, may provide information early to the patient 
So he can avoid over-insulinization or restore it. 
0136. As shown in FIGS. 7A and 7B, the device 10 of the 
present invention may be used to track the evolution of the 
insulin activity error 230. Depending on the volatility of the 
IAE and the therapeutic goals, the time basis can be changed, 
showing the evolution over weeks or months 240 rather than 
days. 
0.137 An (averaged) intra-day evolution can reveal even 
more detailed information. 
0138 Consistent negative IAE’s in the late afternoon, for 
example, may signal to reduce insulin before lunch or 
increase the lunch calorie content or composition. 
0.139. According to another embodiment, the calculated 
insulin activity error may be used as a therapeutic goal. For 
example, in patients with consistently elevated glucose values 
and negative IAE, the improvement of the IAE can become a 
therapeutic objective. 
0140. The health-monitoring device 10 of an illustrative 
embodiment of the present invention may be used to measure 
and interpret the IAE of a patient, taken at certain moments of 
the day and at certain intervals, as well as the glucose level of 
the patient. Based on the measurement of the FFA level, the 
glucose level and the injected insulin, the device calculates 
and displays the IAE as shown in FIG. 7B. The progression of 
the IAE can be displayed in relation to the set therapeutic 
objective. The objective can be displayed as a progressively 
tightening Zone 250 to allow for flexibility and time to achieve 
Success of the therapy. 
0141. In individuals with marginally abnormal glucose 
values, such as in obesitas or onset metabolic syndrome that 
do not yet take external insulin, the system and method of the 
present invention may measure the variable FFA levels only. 
The system will display the real insulin activity rather than 
insulin activity error. Therapeutic interventions, such as los 
ing weight, taking insulin sensitizers or any other medication 
to improve insulin sensitivity, may show a clear improvement 
of the Real Insulin Activity. 
0142. The health monitoring device of the invention may 
also be used to predict glucose levels more accurately. Glu 
cose prediction algorithms aim at predicting glucose levels 
based upon the meal, with or without the specifics of the meal 
composition, the amounts and types of the injected insulin 
and the glucose values. More complex algorithms also use 
inputs including, but not limited to, exercise duration and 
intensity, glycaemic index of the meal, alcohol consumption. 
By predicting glucose levels, the patient may decide to 
change his meal intake or quantity of insulin to inject, trying 
to keep glucose within near-normal levels. 
0143 A major draw back of the algorithms used to predict 
glucose levels in the prior art is that the algorithms use theo 
retical absorption curves of the injected insulin. These curves 
try to predict the appearance of insulin in the bloodstream and 
the insulin activity which is then used in the prediction model. 
The current prediction algorithms do not take into account 
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other insulin-interfering factors. Such factors include, but are 
not limited to the variability of the absorption depending on 
the site of injection or the injection, the effects of the counter 
regulating hormones, such as cortisol, catecholamines, 
growth hormone, glucagons, insulin sensitivity of the various 
organs, which is mainly driven by the concentration of FFA, 
the presence and inhibiting actions of anti-insulin antibodies 
and the variability in the clearance of insulin. For example, 
absorption may be fast when injected in belly fat, slow when 
injected in the leg, and Scarred tissue may result in retarded 
absorption. 
0144. The illustrative embodiments of the invention, by 
measuring FFA together with glucose and calculating the 
insulin activity error, may improve dramatically the accuracy 
of those algorithms. The invention allows use of the real 
insulin activity rather than the theoretical insulin activity to 
increase accuracy. 
0145 According to another application, the device 10 uti 
lizes FFA and glucose levels to assess the insulin sensitivity 
and therefore help in determining an appropriate pre-prandial 
insulin dose. The combined information of glucose and FFA 
levels in a patient allow the device 10 to assess the insulin 
sensitivity of the patient. Information regarding a patient's 
insulin sensitivity can be particularly relevant when the 
patient has to inject himself with insulin prior to his meal. The 
insulin is intended to remove glucose from the bloodstream 
that appears as a result of the meal digestion. When high 
levels of FFA are present resulting in a low insulin sensitivity, 
the user must to inject himself with a higheramount of insulin 
to avoid high glucose levels after the meal. This is particularly 
helpful before breakfast when FFA levels are usually high. 
0146 According to another application, the health-moni 
toring device may utilize information regarding FFA and 
glucose levels for closed loop systems and insulin dosing 
algorithms. Glucose alone as a reflection of carbohydrate 
metabolism has proven to be insufficient to build reliable 
dosing algorithms. Systems based on glucose input alone are 
lacking the essential information from the fat metabolism, 
counter-regulating hormones and insulin sensitivity. FFA lev 
els combined with glucose, as set forth in the present inven 
tion, provide a more complete picture of the actual metabolic 
state of the patient. The present invention combines the fat 
and glucose metabolic information as inputs for insulin dos 
ing algorithms. These algorithms may be stand-alone mini 
computer or palmtop based systems as well as incorporated in 
glucose measurement devices or insulin delivery systems (i.e. 
insulin pen or pump). Some of those algorithms are predictive 
in Such that they assess the expectable glucose levels in the 
near future. 
0147 Closed loop systems are systems that aim to deliver 
insulin automatically based on inputs from the patient's meta 
bolic state. They consist typically of a measuring or input 
device for metabolic parameters (i.e., glucose, dietary input, 
logging exercise and insulin administration), an insulin dos 
ing algorithm and an insulin delivery system. 

EXEMPLIFICATION OF THE INVENTION 

0.148. A home study was conducted on five diabetic 
patients (RW, KPJC, MJ and NO), all type I. The home study 
was conducted over two separate weeks, during which tests 
were conducted, tracking insulin levels and glucose levels in 
the patients’ blood. Two diabetic patients (RW and KP) were 
tested twice, producing two sets of results for these patients. 
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0149. During testing, Microtainer tubes were used to col 
lect a blood sampled using a finger Stick for Free Fatty Acids, 
b-Hydroxybutyrate. Familiar home monitoring device for 
glucose testing were used. Sample collection was instructed 
to be done just before each meal and insulin injection. A 
fourth sample of the day was taken at bedtime. Samples were 
then stored by patient at home in the refrigerator. Collection 
was next morning by taxi service for appropriate storage in 
the lab and analysis. 
0150 FIGS. 12A-18E3 are graphs shown the results of the 
tests done for each test involving a patient. FIGS. 12A, 13A, 
14A, 15A, 16A, 17A and 18A illustrate the results for each 
patient, with FIG. 13A representing the second testing of 
patient'RW' and FIG.15A representing the second testing of 
patient “KP. FIGS. 12B, 13B, 14B, 15B, 16B, 17B and 18B 
are charts diagramming the glucose prediction error and insu 
lin activity error based on the test results for each patient. 
0151. In addition to providing blood samples, patients reg 
istered carbohydrate intake and insulin injections. The carbo 
hydrate intake and insulin injections were used to construct a 
glucose prediction curve 130a-130g, shown in FIGS. 12A, 
13A, 14A, 15A, 16A, 17A and 18A, according to the algo 
rithm of DIASnet. The generated glucose prediction curves 
show expected glucose values based on the theoretical action 
profiles of the injected insulin. 
0152 The error between the predicted glucose and mea 
Sured glucose was defined graphically as lines 122a-122g, 
shown in FIGS. 12B, 13B, 14B, 15B, 16B, 17B and 18B. In 
addition, the unexplained difference between FFA and pre 
prandial insulin levels was defined graphically, as shown by 
lines 152a-152g in FIGS. 12B, 13B, 14B, 15B, 16B, 17B and 
18B. 
0153. The measured glucose levels (lines 120a-g, respec 

tively), the predicted glucose levels (lines 130a-g, respec 
tively), the free fatty acid levels (lines 140a-g, respectively) 
and the insulin activity levels (lines 150a-g, respectively) 
were charted for each patient over the testing period. FIGS. 
12A, 13A, 14A, 15A, 16A, 17A and 18A illustrate the results 
for each patient, with FIG. 13A representing the second test 
ing of patient “RW' and FIG. 15A representing the second 
testing of patient “KP. FIGS. 12B, 13B, 14B, 15B, 16B, 17B 
and 18B chart the glucose prediction error (lines 122a-g, 
respectively), the insulin activity error (lines 152a-g, respec 
tively), the incidents of predicted hypoglycaemia (lines 160a 
g, respectively) based on the measurements of glucose levels 
using traditional methods, free fatty acid levels and insulin 
activity levels, and the incidents of unexpected or unpredicted 
hypoglycaemia (lines 170a-e, respectively) that occurred 
during each study. 
0154 The glucose prediction error curve 122a-g charts the 
error between the measured glucose and the predicted glu 
cose during each testing period for each patient, respectively. 
The insulin activity error curve 152a-g charts the deviation of 
the free fatty acid levels with regard to expected theoretical 
insulin activity for each testing period for each patient, 
respectively. During an analysis, the peaks in the insulin 
activity error were compared with the effect on the glucose 
prediction error. It was found that strong negative glucose 
prediction errors were usually preceded by strong positive 
peaks in the insulin activity error curve. When the predicted 
glucose was already low, they typically lead to hypoglycae 

18. 

0155 As illustrated in the summary charts, in FIGS. 12B, 
13B, 14B, 15B, 16B, 17B and 18B, an unexpected hypogly 
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caemia incident is typically preceded (up to 6 hours in 
advance) by a positive Insulin-Activity-Error (IAE). This is 
also valid for any negative glucose prediction error (GPE). 
Conversely, a positive GPE is usually preceded by a negative 
IAE. The health-monitoring device 10 of the illustrative 
embodiments of the invention may utilize this tracking to 
promote and improve the user's health. 
0156. As also shown in the summary charts, there are two 
hypoglycaemic events possible: the predicted hypoglycaemic 
events, indicated by lines 160a-g and the unpredicted 
hypoglycaemic events, indicated by lines 170a-g. The pre 
dicted hypoglycaemic events 160a-g usually result from 
injecting too much insulin or eating too little, and are easy to 
prevent by looking at the prediction curve and take appropri 
ate pre-emptive action, Such as eating more or injecting less. 
The unpredicted hypoglycaemic events 170a-g result from 
too much insulin activity liberated from the injection site 
earlier than expected (accelerated release) or later and more 
than expected (retarded release with accumulation of the 
previous injection dose). The unpredicted hypoglycaemic 
events 170a-g can also result when pre-existing insulin resis 
tance or counter-regulating hormone activity can have faded. 
0157. The curves show that most hypoglycaemic and 
hyperglycaemic events are unpredicted by the prediction 
curves of traditional models. 

0158. In addition, hyperglycaemic events that may be 
caused by too little Insulin activity or excess in counter 
regulating hormones and/or insulin resistance (which is to the 
greater part caused by the high FFA levels), are also often 
unpredicted. 
0159. A positive IAE (more suppressed lipolysis with low 
FFAs than explainable by the theoretical insulin absorption 
curves) may lead to a negative GPE (lower glucose levels than 
predicted) within 4-6 hours. Similarly, less than expected 
insulin activity can lead to higher than predicted glucose 
levels. 

(0160 The illustrative embodiment of the invention 
employs these results to increase the accuracy of traditional 
glucose prediction algorithms. The results may be explained 
through the interaction between different hormones. Lipoly 
sis is under the control of the same hormones as carbohydrate 
metabolism. Fat tissue is very sensitive to the actions of 
insulin. Meals do not affect FFA levels in the same way that 
they alterglucose levels. Insulin, glucagon, growth hormone, 
adrenergic hormones, and other hormones all regulate in a 
combined fashion lipolysis. The results show that FFA levels 
are reliable for assessing the effective insulin activity. The 
absorption of the insulin depot at the injection site is highly 
variable and rather unpredictable, especially the longer the 
action profile of the insulin is. FFA levels give a more accurate 
picture of the combine hormonal activity (including the insu 
lin resistance) than the assumed theoretical absorption 
curves. Currently, by testing glucose alone, the hypoglycae 
mic (and hyperglycaemic) episodes are usually not predict 
able. Using the method of testing FFA and Glucose in accor 
dance with the teachings of the invention enables detection of 
over or under activity of insulin and counter regulating hor 
mones which may lead to hypo- or hyperglycaemia. 
0.161 The examples confirm that the invention is far more 
accurate in predicting hyper- and hypo-glycaemia. Correct 
ing a traditional glucose prediction algorithm with this inven 
tion predicted twice as many hypoglycaemic episodes than 
would be predicted using traditional algorithms. 



US 2011/00468.92 A1 

0162 Therefore, the invention facilitates monitoring, 
treatment, management and improvement of the overall 
health of a user by allowing a user to more accurately control 
glucose levels, assess a real insulin activity level of the user, 
track an insulin activity error, be warned about imminent 
hypoglycaemia or hyperglycaemia, receive formulated insu 
lin dosage from the device, receive advice from the device and 
SO. O. 

0163 The present invention has been described relative to 
an illustrative embodiment. Since certain changes may be 
made in the above constructions without departing from the 
Scope of the invention, it is intended that all matter contained 
in the above description or shown in the accompanying draw 
ings be interpreted as illustrative and not in a limiting sense. 
0164. It is also to be understood that the following claims 
are to cover all generic and specific features of the invention 
described herein, and all statements of the scope of the inven 
tion which, as a matter of language, might be said to fall 
therebetween. 

1-20. (canceled) 
21. A health-monitoring device, comprising: 
a housing: 
a test port in communication with the housing, wherein the 

test port is configured to receive a test element; 
a processor in communication with the housing and con 

figured to receive one or more signals associated with an 
analyte sample received at the test port; 

a storage unit in communication with the housing and 
configured to store one or more programs executable by 
the processor for determining a dosage information for 
long acting insulin based at least in part on the one or 
more signals associated with the analyte sample: 

a display coupled to the housing and configured to output 
data associated with the one or more signals associated 
with an analyte sample and/or the determined dosage 
information for long acting insulin. 

22. The health-monitoring device of claim 21, wherein the 
program comprises an algorithm for determining the dosage 
information for long acting insulin. 

23. The health-monitoring device of claim 21, wherein the 
test element is a test strip. 

24. The health-monitoring device of claim 23, wherein the 
test Strip is an electrochemical test strip or a photometric test 
strip. 

25. The health-monitoring device of claim 21, wherein the 
test element is a skin inserted device. 

26. The health-monitoring device of claim 25, wherein the 
skin inserted device is a catheter. 

27. The health-monitoring device of claim 21, wherein the 
housing further comprises a data communication port opera 
tively coupled to the processor. 

28. The health-monitoring device of claim 27, wherein the 
data communication port is configured for one or more of 
electrical communication, acoustic communication, optical 
communication, or radio wave communication. 

29. The health-monitoring device of claim 27, wherein the 
data communication port is configured for infrared commu 
nication. 

30. The health-monitoring device of claim 27, wherein the 
data communication port is configured to communicate with 
a database at a remote site. 

31. The health-monitoring device of claim 27, wherein the 
data communication port is configured to download data from 
the database at the remote site through a network. 
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32. The health-monitoring device of claim 27, wherein the 
data communication port is configured to upload data to the 
database at the remote site through a network. 

33. The health-monitoring device of claim 27, wherein the 
data communication port is configured to download a pro 
gram to the storage unit through a network. 

34. The health-monitoring device of claim 32, wherein the 
data comprises one or more signals associated with an analyte 
sample received at the test port. 

35. The health-monitoring device of claim 21, wherein the 
one or more signals associated with an analyte sample are 
indicative of an analyte concentration in the sample. 

36. The health-monitoring device of claim 35, wherein the 
health-monitoring device continuously measures the analyte 
concentration. 

37. The health-monitoring device of claim 35, wherein the 
analyte concentration is a blood glucose concentration. 

38. The health-monitoring device of claim 35, wherein the 
analyte concentration is a fasting blood glucose concentra 
tion. 

39. The health-monitoring device of claim 21, wherein 
processor is configured to receive at least a first signal asso 
ciated with a first analyte and a second signal associated with 
a second analyte. 

40. The health-monitoring device of claim 39, wherein the 
first analyte is glucose and the second analyte is a fat metabo 
lism analyte. 

41. The health-monitoring device of claim 40, wherein the 
fat metabolism analyte comprises free fatty acids, ketones, 
glycerol, or any analyte that is indicative of lipolysis. 

42. The health-monitoring device of claim 40, wherein the 
fat metabolism analyte is a ketone. 

43. The health-monitoring device of claim 21, wherein the 
sample comprises blood, a derivative of blood, interstitial 
fluid, urine, or saliva. 

44. The health-monitoring device of claim 21, wherein the 
dosage information for long acting insulin is for a dosage 
administered to a subject. 

45. The health-monitoring device of claim 44, wherein the 
Subject is an adolescent Subject. 

46. The health-monitoring device of claim 44, wherein the 
Subject is a Subject having Type I diabetes. 

47. The health-monitoring device of claim 44, wherein the 
Subject is a Subject having Type II diabetes. 

48. The health-monitoring device of claim 21, wherein the 
display is configured to provide graphic representations and/ 
or text Summaries of the output data. 

49. The health-monitoring device of claim 21, wherein the 
display is configured to provide information relating to food 
consumption, hypoglycemia, hyperglycemia, or medication 
dosage. 

50. The health-monitoring device of claim 21, wherein the 
processor is configured to process a daily regimen of output 
data associated with the one or more signals associated with 
an analyte sample and display the output data over the course 
of a period of time. 

51. The health-monitoring device of claim 50, wherein the 
period of time is at least one month. 

52. The health-monitoring device of claim 21, wherein the 
storage unit is further configured to comprise an algorithm 
executable by the processor for determining an insulin resis 
tance factor based at least in part on the one or more signals 
associated with the analyte sample. 
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53. The health-monitoring device of claim 21, wherein the 
output data comprises the insulin resistance factor associated 
with the one or more signals associated with an analyte 
sample. 

54. The health-monitoring device of claim 21, wherein the 
processor provides for automatic or manual entry of user 
defined data. 

55. The health-monitoring device of claim 54, wherein the 
health-monitoring device comprises a user interface for the 
manual entry of user defined data. 

56. The health-monitoring device of claim 55, wherein the 
user interface comprises one or more buttons. 

57. The health-monitoring device of claim 54, wherein the 
user defined data comprises analyte levels, gender, exercise, 
body mass index, weight, body composition, meal intake, or 
mediation dosages and times. 

58. The health-monitoring device of claim 21, wherein the 
storage unit is further configured to comprise an algorithm 
executable by the processor for determining an insulin resis 
tance factor based at least in part on the one or more signals 
associated with the analyte sample. 
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59. The health-monitoring device of claim 37, wherein the 
display comprises an indicator activatable when the glucose 
concentration of the sample indicates prospective develop 
ment of hypoglycemia. 

60. The health-monitoring device of claim 37, wherein the 
display comprises an indicator activatable when the glucose 
concentration of the sample indicates prospective develop 
ment of hyperglycemia. 

61. The health-monitoring device of claim 37, wherein the 
processor is configured to provide a preventative recommen 
dation to the user to avoid imminent hypoglycemia through 
the display. 

62. The health-monitoring device of claim 61, wherein the 
preventative recommendation is consumption of low absorb 
ing carbohydrates. 

63. The health-monitoring device of claim 21, wherein the 
health-monitoring device further comprises a sampling 
device for providing a biological fluid sample from a user. 

64. The health-monitoring device of claim 63, wherein the 
sampling device is a lancet or a needle. 

65. The health-monitoring device of claim 63, wherein the 
sampling device is a lancet and the lancet comprises a variable 
depth selector for setting the penetration depth of the lancet. 

c c c c c 


