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1
SYSTEM AND METHOD FOR PREVENTING
HYPOGLYCAEMIA IN A HUMAN TYPE 1
DIABETIC PATIENT DURING PHYSICAL
ACTIVITY

FIELD OF THE INVENTION

The present invention relates to a system and method for
preventing hypoglycaemia in a human type 1 diabetic patient
during physical activity. More particularly, the present inven-
tion is related to a system and a method for determining the
amount of carbohydrates needed by a diabetic subject at the
purpose to prevent hypoglycaemia as a consequence of physi-
cal exercise.

PRIOR ART

The type | diabetes (herein after also as IDDM) is as
known a severe pathology, affecting 1-2 persons over 1000 of
the entire population frequently with an infancy-onset. Being
an insulin-dependent diabetes, the therapy is essentially
based on insulin administration in dosages having regard to
the intake of carbohydrates ingested with the diet. In addition
to the insulin treatment for type 1 diabetes care a regular
life-style, a proper diet and a moderate physical exercise is
strongly recommended to patients.

Actually, physical exercise in combination with insulin
treatment and diet may contribute to a better metabolic bal-
ance and then is considered essential in prevention of the late
severe complications of diabetes occurring after several years
of poorly controlled hyperglycaemia, such as for example
retinopathy and/or nephropathy.

However, the physical activity in diabetic patients is made
difficult by the lack of haematic insulin regulation according
to the metabolic need during and/or after the exercise itself. In
fact, as consequence of the physical activity the glycemic
balance is often impaired.

In spite of actual knowledge, IDDM patients must follow
precise life rules which can be seen as a restriction of their
personal freedom. In particular, the younger patients find it
difficult to participate in physical activities, due to the fact
that during and/or after the exercise diabetes control can be
compromised. This fact is due to the present limited knowl-
edge concerning the relationships among exercise, diet, dose
and type of insulin.

A right strategy for a regular physical exercise avoiding
glycemic imbalance is based on empirical observations and
mainly pertaining to insulin dosage variations, carbohydrate
quantity to be ingested or proper time schedule for exercise
(Mac Donald M. 1., Diabetes Care, 1987, 10, 584-588; Hor-
ton E. S., Diabetes Care, 1988, 11,201-211; Landry G. L. &
Allen D. B., Clinics in Sport Medicine, 1992, 11, 403-418,;
American Diabetes Association, Diabetes Care, 2004, 27,
S58-562). Notwithstanding, in diabetic patients hypoglycae-
mic or hyperglycaemic imbalances frequently occur as con-
sequence of physical exercise (Mac Donald 1987 ref cit.;
American Diabetes Association, Diabetes Care, 1997, 20,
1908-1912).

Several methods and systems have been described for dia-
betes management essentially directed to determine the insu-
lin doses with respect to the glycemia and/or food intake/
carbohydrate intake for the diabetes control (Carson E. R.,
Computer Methods and Programs in Biomedicine, 1998, 56,
77-91;, Meneghini L. F. et al., Diabetes Care, 1998, 21, 591-
596). Furthermore, although the physical exercise is in some
cases mentioned as energy expenditure, it is not clarified how
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2

this parameter enters in the overall determination and never
carbohydrate need/insulin balance during and/or after physi-
cal exercise is considered.

In US Patent Application 2003/0032867 a diabetes man-
agement system and method used to manage the blood glu-
cose level of a diabetic patient is further disclosed. The dia-
betes management system and method disclosed is directed to
determine the recommended insulin doses and/or carbohy-
drate intake. The system includes a database which stores: 1)
physical activity data; ii) blood glucose level data; iii) meal
intake data and iv) insulin intake data. As for the physical
exercise data, the same are based on the duration in minutes
over calories expenditure and particularly the specific data-
base contains a list of common sport activities and the calories
burn ratio per pound of bady weight. On the basis of the body
weight and activity duration entered by the patient, the
amount of carbohydrates recommended to compensate the
calories expenditure is computed. Possible corrective actions
on this aspect are recommended but not explained.

More recently, a relationship between carbohydrate intake,
suitable to avoid glycemic imbalance during a moderate
physical exercise and insulin concentration has been found in
a group of 12 IDDM diabetic patients treated with regular
insulin, while they performed the same exercise at different
time intervals after the morning insulin injection (Frances-
cato M. P. et. al., Metabolism, 2004, 53, 1126-1130). Nevet-
theless, a precise amount of carbohydrates needed during
exercise to prevent glycemic imbalance in diabetic subjects is
not precisely and simply estimable from the data obtained,
being the management of the metabolic balance of type 1
diabetic patients (hereinafter also as DP-1) during exercise
rather complex and different from subject to subject.

In fact, the calories expended during exercise derive partly
from fats, partly from the muscle glycogen and partly from
blood glucose. In healthy subjects the glycemic homeostasis
is maintained since insulin level decreases in consequence to
the actual metabolic need of the subject, while in DP-1 the
insulin concentration is correlated essentially to the time
elapsed from the last insulin administration, independently
from the exercise. This means that in DP-1, lacking a meta-
bolic regulation of insulinemia, hypoglycaemic imbalances
can easily occur.

Therefore, being accepted that the physical exercise is an
important tool for a better control of the metabolic balance in
DP-1 but in the same time being felt even the necessity to
prevent hypoglycaemic imbalance as a consequence of the
same in these patients, there is a need fora simple and reliable
system and methods to evaluate the carbohydrates need in
DP-1 during and/or after physical activity.

SUMMARY

Accordingly, a first object of the present invention is to
provide a method for a reliable estimate, before an exercise
session, of the carbohydrate need to prevent hypoglycaemia
during and/or after a specific session of physical activity, i.e.
exercises in physical training in DP-1.

Another object of the present invention is to provide a
system suitable to implement the above mentioned method
for an estimate of the carbohydrate need to prevent hypogly-
caemia during and/or after aspecific session of physical activ-
ity in DP-1, the system incorporating an apparatus which is
easy to manage by the same diabetic subject.

A further object of the present invention is to provide a
software for the above mentioned system and apparatus



US 9,204,826 B2

3

which specifically estimates the amount of carbohydrates a
DP-1 needs before/during exercise to prevent hypoglycae-
mia.

The present invention relates to a method for specifically
estimating the amount of carbohydrates a type 1 diabetic
patient with a rather good metabolic balance has to consume
before/during a specific session of physical activity to prevent
hypoglycaemia, starting from the habitual therapy (i.e. types,
doses and time scheduling of insulin together with the
amounts and time scheduling of dietary carbohydrates), train-
ing habits and actual exercise characteristics (i.e. intensity,
durationand scheduled start time), the method comprising the
following steps:

definition of working constants and standard parameters;

introduction of patient and therapy specific parameters;

calculation of patient specific reference curves for percent-
age carbohydrates (% CHO) consumption;

training session scheduling;

estimation of carbohydrates (CHO) to be eaten before the

exercise,

real time update of residual carbohydrates still available

during the exercise; and

estimation of carbohydrates to restore after the exercise.

Further, the present invention relates to a system and an
apparatus for estimating the amount of carbohydrates for a
type 1 diabetic patient by implementing the above mentioned
method, the system comprising a portable monitor as the
classical heart rate monitors, and a data input panel, which
allows IDDM patients to be informed in preventing as much
as possible the occurrence of hypoglycaemic events during/
after exercise. The apparatus further calculates the amount of
carbohydrates the patient has to eat before the exercise, and
the calculation is performed according to the specific therapy
and for each possible time of the day.

Furthermore, the present invention relates to a software for
implementing the above mentioned method and function for
the above mentioned apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

Now, a detailed description of the method and apparatus of
the present invention and according to a preferred embodi-
ment thereof, will be given, having a non limitative purposes
and with reference to the annexed drawings, wherein:

FIG. 1 is a flowchart showing the method for determining
the quantity of carbohydrates needed by a DP-1 for a specific
session of physical activity, according to the present inven-
tion;

FIG. 2 is a flow chart showing the calculation method
according to the present invention;

FIG. 3 shows a diagram showing schematically the hard-
ware included in the system of the present invention,

FIG. 4 shows a part of the hardware of the system of the
present invention;

FIG. 5 shows a display of data of the system according to
the present invention; and

FIG. 6 shows a flow chart of the communicating method
between the system and a user via web provider.

FIG. 7 shows an overall daily insulinemia profile.

FIG. 8 shows an overall daily % CHO need versus insuline-
mia.

FIG. 9 is a graphical representation of the process and
system for determining the quantity of carbohydrates needed
by a DP-1 for a specific session of physical activity;
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4

FIG. 10 is a graphical representation of the process and
system detailing the calculation of the carbohydrates
assumed.

DETAILED DESCRIPTION OF THE INVENTION

Now, a description of the method according to the present
invention will be given hereinafter.

According to the invention, the proposed method calcu-
lates the quantity of carbohydrates needed by a DP-1 for a
specific session of physical activity, taking into account the
physical characteristics and the usual therapy of the patient.
With reference to FIG. 1, the present method consists of 7
main steps:

1. definition of working constants and standard param-

eters;

2. introduction of patient and therapy specific parameters;

3. calculation of patient specific reference curves for per-

centage carbohydrates (% CHO) consumption;

4. training session scheduling;

5. estimation of carbohydrates (CHO) to be eaten before

the exercise;

6. real time update of residual carbohydrates still available

during the exercise;

7. estimation of carbohydrates to restore after the exercise.

Itmust be noted that according to this method, some curves
representing a continuous course of some quantity during the
day will be defined. The actual implementation of the model
does not employ them as continuous functions, but as vectors
(or tables) representing the values of these curves with a
certain time interval (in the current implementations is 15
minutes or 1 minute). However this influences only the pre-
cision of the method and the required computational
resources, not the structure of the method itself.

Definition of Constants

There are some values that must be defined before applying
the proposed method; the chosen values are obtained by
experimental observations and/or assumptions based on prior
works. Some of them could be subject to adjustment after a
wider experimentation of the method, but do not condition the
employed algorithm.

The working constants and characteristics of some funda-
mental curves are now presented:

1. number of hours of contribution of dinner insulin: 7

hours;

2. relationship between effective insulinemy and percent-
age carbohydrates: linear relation with slope mpg=4.398
and intercept qpg=10.76;

. standard sensibility: 4.836;

4. reference glycemic curve: represents the standard value

of glycaemia in function of the time from the last meal;

5. type-specific insulin curves: a curve representing the

specific behaviour of each kind of insulin, presented as
blood concentration in function of time;

6. type-specific standard insulin dose: the standard amount

of insulin yielding the curves of point 5.

Patient and Therapy Details

In order to produce an accurate estimation, some details
about the subject are needed:

age;

weight;

sex;

extra cellular fluid (ECF);

glucose oxidation rate data.

If the actual value for the ECF is not available it can be
approximated with some general formulas, i.e. as (in Litres)
27% in weight for men, and 22.5% in weight for women.

|58
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The glucose oxidation rate is approximated with a linear
relationship, thus characterized by a (BGm) and intercept
(BGq). It represents carbohydrates consumption (grams/min-
utes) in function of the heart rate (beats/minutes).

These two parameters depend on the subjects age and
physical condition. The personal glucose oxidation rate rela-
tionship of a certain subject can be obtained by performing
some measures during controlled exercise (i.e. on the cyclo-
ergometer) and then performing a linear regression on the
obtained set of values.

Alternatively it is possible to approximate this linear rela-
tionship with values from the linear relationship reported in
Diabetes Care (No 28, August 2005, pp 2028-2030)

According to the present embodiment of the method of the
invention, it is assumed that the therapy of the subject may
consists of up to seven daily insulin assumptions (actually in
some subjects the therapy can consist in just two, three or four
of them) distributed as follows:

2 during the morning;

2 during the afternoon;

2 during the evening;

1 for the night.

It must be noted that sometimes two different kinds of
insulin can be assumed at the same time.

For each insulin assumption various information must be
specified:

kind of insulin;

dose in units;

time of the injection.

It is then necessary to specify the amount of carbohydrates
assumed during the day: currently (but it is just a possibility)
the carbohydrates of main and optional meals are considered
together in order to obtain only three quantities:

breakfast+morning;

lunch+afternoon;

dinner+evening.

Curve of % CHO Consumption

The next step is to employ the defined parameters in order
to estimate the curve of percentage carbohydrates (% CHQ)
needed across the whole day.

With reference to FIGS. 7 and 8, the dose ratio is calculated
for each assumed insulin. The dose ratio is obtained dividing
the assumed units of insulin by the weight of the subject, then
dividing the result by the standard dose for the specific kind of
insulin (point 6 of section “definition of constants™).

For each insulin, the specific curve is calculated multiply-
ing the corresponding standard curve (point 5 of section
“definition of constants”) by the dose ratio calculated on the
abovementioned step. The curve is obtained as function of
time, in a range of 48 hours; in this way also an activity that
begins before midnight and ends after 0 A.M. can be esti-
mated.

For each injection, the corresponding curve is shifted in
time by the specified time of assumption. For each of the
following three periods of the day:

between breakfast and lunch;

between lunch and dinner; and

from dinner until the time set as constant (see point 1 of

section “definition of constants™)
each insulin curve is cumulated obtaining the overall
insulinemia (the concentration of micro units of insulin in the
blood).

For each insulin and period, the ‘insulin for the period’ is
calculated as the ratio between the cumulated insulin of the
period and the overall insulin of the day, multiplied by the
units of insulin actually assumed. In a normal situation the
units of insulin for each injection will be those prescribed by
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6

the therapy, but the subject has the freedom to modify the dose
and consequently the carbohydrates to eat (as better explained
hereinafter). Experimentation has been done for quantities of
insulin that are half or a quarter of the normal therapy, but it is
possible to modify it in a general way, for example also
increasing the amount of insulin and carbohydrates to
assume.

For each of the three periods of the day the ratio between
the eaten carbohydrates and the sum of all the “insulin for the
period” obtained at the previous step must be calculated. This
value is divided for the standard sensibility (as above defined
at point 3 of the section “definition of constants™), to obtain
the “sensibility for the period” (in grams of carbohydrates per
units of insulin), which indicates the ability of insulin to
oxidize the carbohydrates.

Hence, the curves of all the insulin assumptions are
summed to obtain a curve representing the blood concentra-
tion, obtaining the total insulinemia for the whole day. Sub-
sequently, the curve of the total insulinemia is multiplied by
the sensibility to obtain the effective insulinemia.

Tt must be noted that actually three values of sensibility are
obtained, for the three main periods, as above indicated.

As an alternative situation, it is provided the calculation
upon considering the day divided by the total number of
snack/meal breaks further to those for relevant to the main
meals. In this case, the periods will be shorter but the number
will be more than the calculated in the preceding case. There-
fore, calculation will be effectuated between two snack/meal
breaks (and not between two insulin injections as per the
preceding case).

Since the exercise could finish after the scheduled time for
the next insulin injection, it has been considered that this next
insulin will not be assumed before the end of activity, thus the
previous curves must be modified in order to take into account
this fact (not considering the contribute of carbohydrates and
insulin that have not been assumed).

The obtained result must be then normalized into % CHO
curves by a linear function having as slope (mpg) and as
intercept (qpg) experimentally found (see paragraph “defini-
tion of constants”).

Session Details

After the curve of % CHO consumption has been calcu-
lated, it is necessary to provide the following information
about the specific characteristics of the session:

the exercise intensity, expressed as heart beats per minute
(bpm);

starting time;

duration;

glycaemia half an hour before the starting time.

Estimation of Required Carbohydrates

Putting together the previously calculated curves and ses-
sion details, it is finally possible to estimate the carbohydrates
requirement for the specified activity.

1) First of all it is necessary to calculate the grams of
carbohydrates oxidized per minute, using a linear func-
tion of the bpm of the activity, having as slope (BGm)
and as intercept (PGq) (see paragraph “patient and
therapy details™). For example, it is possible to establish
generic values relevant to the amount of calories/grams
of carbohydrates oxidized per minute with reference to
the amount of activity of the patient to be indicated (i.e.
to be selected) as Low or Medium or High activity.

2) Multiplying the obtained value times the presumed ses-
sion duration, the total value of oxidized carbohydrates
is then calculated.

3) The effective amount of carbohydrates to be assumed
before the end of exercise is calculated by multiplying
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the estimated carbohydrates oxidation of the previous
step by the mean of % CHO consumption (described by
the curve above calculated) within the time range that
goes from the beginning of the session to its end.

4) The current carbohydrates surplus (the carbohydrates
already available to the subject’s body before the exer-
cise) can be calculated by multiplying the ECF by the
difference between the glycaemia halfan hour before the
exercise and the standard reference glycaemia for that
time (defined from the reference glycemic curve).

5) The estimated amount of carbohydrates to be assumed is
then obtained by the difference of the effective amount
of carbohydrates to be consumed (obtained at the step 3)
and the carbohydrates surplus (of step 4).

Ifthe amount of carbohydrates that the patient should eat is
too much, the same can decide to reduce at the same time the
amount of carbohydrates and insulin expected in the specific
daily period.

In the present embodiment two options are provided, i.e.
reducing the units of insulin to 50 or 25 percent, but in theory
any fraction could be good (also assuming more insulin than
the standard therapy if the subject would eat more carbohy-
drates).

However, it must be noted that the amount of insulin is
measured in units and thus is a discrete quantity. The subject
has to indicate the used dose of insulin and thus the system
will be able to calculate the fraction of the usual dose and
consequently update the proper amount of carbohydrates.

Another option (if the subject has already injected its dose
of insulin) is to take anyway a quantity of carbohydrates
different from that suggested by the method. In this case,
however, the patient must substitute in further calculations
the proposed quantity with the actual one, indicating in this
way the proper amount that will condition his/her current
status.

Estimation During the Exercise

At this point, the patient starts the training. It is supposed
the training starts half an hour after the measurement of the
glycaemia, so that the subject has some time to eat.

The actual carbohydrates available at the beginning are
given by the sum between the carbohydrates surplus and the
amount of assumed carbohydrates. As explained before, such
amount can be different than the proposed quantity. The
amount of oxidized carbohydrates is initialised to zero.

During the whole activity some operations are performed
continuously:

the current glucose oxidation rate is calculated for the
current heart rate using the linear relation as above
defined;

the value of the corresponding required carbohydrates is
calculated by multiplying the current glucose oxidation
rate by the % CHO at the current time;

the amount of overall required carbohydrates is updated
cumulating the value of carbohydrates calculated in the
previous point;

if the required carbohydrates are more than the available
ones, estimated before the exercise, the user must stop or
eat further carbohydrates.

In case the subject terminates the session the calculation is
concluded. In case the subject eats more, this quantity will be
summed to the previously available carbohydrates.

Reintegration After the Exercise

At the end of the exercise, the system suggests a proper
carbohydrates reintegration in the next 24 hours necessary for
re-synthesis of glycogen stores.
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Apparatus

The method hereinabove described can be executed by the
apparatus of the present invention of which a detailed descrip-
tion will be given.

Accordingto the invention, the apparatus first estimates the
amount of carbohydrates needed by the specific subject for a
certain session of physical activity, then updates continuously
this estimation during the exercise following the real effort
sustained during the training.

The evaluation of the effort is done on the basis of the heart
rate course acquired by a chest strap. First, the functional
specifications of the apparatus will be described, and after the
essential components needed to implement such features will
be described.

Functional Specifications

According to the present method, the main and essential
functions are:

1. an off-line estimation of the needed amount of carbohy-

drates before the physical activity;

2. a continuous real-time update of first the consumed
carbohydrates and then the amount that is still available
during the whole training session; and

3. the estimate of the amount of carbohydrates to reinte-
grate after the exercise in order to restore a normal
situation.

With reference to FIG. 2, a flow chart showing the method

according to the present invention is shown.

According to the method, the estimation of the various
quantities are done on the basis of the physical characteristics
of the subject, the data about his/her therapy and some details
on the activity that he/she is going to practice.

The evaluation of the actual carbohydrates consumption is
done based on the behaviour of the heart rate acquired by a
proper chest strap interfaced to the device. In case of a drop of
carbohydrates level under a certain threshold defined as criti-
cal, the subject is warned about the possible harmful situation
by a proper alarm signal.

The data about the characteristics of the patient and his/her
therapy must be input into the system through a control and
input panel onto the apparatus and permanently saved, then
modified only in case of effective change of the features they
are representing. The storage and the data input procedures
will be discussed in after. The memory write can be done by
a PC with the proper software and the interface for the chosen
memory format or by the adopted interface. In a particular
embodiment of the proposed apparatus, it could be done
directly on the same and without the use of a PC.

Before starting the session the details on the planned activ-
ity must be inputted, together with the temporary variations
on the therapy. From these data a table with the forecast of
carbohydrates consumptions will be calculated.

Then, the subject must input the current value of glycaemia
measured by a commonly device adopted by diabetic sub-
jects; from this, together with the previously calculated table,
the quantity of carbohydrates to assume before the exercise
session will be estimated.

A this point the subject should eat the specified amount of
carbohydrates. It is possible that the same decides to assume
only a part of and not all at once; consequently, he/she must
communicate to the device the effective amount taken before
the exercise, that will start about 30 minutes later.

From the start of the activity, the estimation of residual
carbohydrates is regularly updated following the intensity of
the sustained effort on the basis of the heart rate. This process
will continue until the final time set or a level of carbohydrates
under the critical threshold is reached.
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If the level is too low the apparatus suggests to the user to
break the session or to consume a further amount of carbo-
hydrates. If the patient had eaten only a part of the estimated
amount of carbohydrates required, the system indicates the
difference in order to finish the session without any risk.
Then, the user input again the predetermined quantity and
then he will continue the activity until the end of scheduled
time, except for eventual successive breaks for a further
assumption of carbohydrates.

At the end of the activity the system can calculate, on the
basis of previous data and the current glycaemia of the sub-
ject, the quantity of carbohydrates to reintegrate.

With reference now to FIG. 3, an embodiment of the pre-
ferred hardware arrangement according to the system of the
present invention will be shown.

According to the present embodiment, the system provides
a system which comprises a processing unit in order to coor-
dinate the peripherals of the overall system and run the soft-
ware that allows interaction of the device with the user, and
then calculates the desired values. The processing unit should
have an amount of memory sufficient to contain the code of
the program and the values calculated while it is running.
Further, a solid memory (data memory) is needed to store the
characteristics of the patient and possibly the history of the
various sessions.

Further, a power supply of the whole apparatus is provided.
The power supply can be remote or via a rechargeable unit.

Further, a data input and control panel is provided, for input
data to the system and control its function.

Furthermore, output peripherals are provided such a dis-
play for displaying the value of parameters, current status and
show alarms in case of critical conditions.

Further, interface ports such a PC connection, external
memory interfaces are provided, in order to exchange data,
mainly the characteristics of the patient, but also session
history.

On the other hand, a chest strap receiver is provided since
itis the interface necessary to acquire data about the heart rate
transmitted by the chest strap.

Ttwill be apparent to those skilled in the relevant art that the
choice of different components of the system, but anyway
sufficient to perform the minimum functions, will condition
the distinguishing features of the apparatuses according to the
present invention, namely:

a) usability: ease of interaction of the user with the present
apparatus, such as the size of the display and a user
friendly accessibility of the control panel, i.e. pushbut-
tons;

b) portability: ease of transportation, if necessary, during
the exercise; mainly conditioned by weight, size and
kind of power supply;

¢) costs: different technologies and quality of the compo-
nents will contribute to create different apparatuses both
in price and features;

d) performances.

For example, when choosing the components of the appa-
ratus and trying to find the best compromise among the above
depicted features, the processing unit may be chosen among
the following three kinds:

ASIC (application-specific integrated circuit),

FPGA (field programmable gate array); and

Micro-controller.

Each of these solutions has its pros and cons, according to
the implementation of the present apparatus.

ASICs and FPGAs must be programmed (at least in part)
by an HDL (hardware description language). On the other
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hand, a micro-controller has the following advantages that
make it the optimal solution for this kind of application:
low cost;

ease of usage: it does not need the adoption of HDL for the

programming, but it is possible to do most of the work in
ahigher level language such as C, or at least in assembly
language;
low power consumption: micro-controllers are generally
designed with a big attention to the optimisation of con-
sumption in order to maximize battery life; this is fun-
damental in case of the realization of a portable device;

peripheral interface: interfaces for the most common kinds
of peripherals are sometimes integrated in the micro-
controller;

size: micro-controllers of various sizes, also extremely

small, are available on the market.

For what concerns the memory used to store information
and possibly the history of training sessions, there are two
main solutions:

external memories; and

internal memory of the micro-controller.

The two solutions have different characteristics: for the
utilization of external memories it is possible to use any of the
memory card formats on the market using for example the
flash technology. The data transfer could be then accom-
plished with any of the available readers (and often directly
integrated on new PCs) with a simple custom application. It
must be considered that in this case it is necessary to integrate
also a proper interface on the device and the control routines
in the software; an alternative could be a data exchange done
through a storage device connected to an USB port (thus to be
integrated in the system instead of the card reader).

The other possibility is to use just the internal memory of
the micro-controller; in this case, however, it is necessary to
choose a model providing an amount sufficient both for the
data and the program and then to include an interface to
connect the device with the PC for the data exchange (for
example via USB). On the other side it could be possible to
insert user information also directly on the device, but this
procedure will not be very comfortable since many param-
eters are needed.

As main output peripheral, necessary for visualization of
parameters values and current status, a small LCD could be
used. In a general, this component should be the one that
principally influences the overall size and cost of the device,
but many different models are available for any need.

For example, two possible types are:

a graphical large display, that allows a more comfortable

visualization of the data;

a text display, with a more portable size, that optimises

transportability, battery duration and cost.

For what concerns further output peripherals onto the
apparatus of the present invention, there can be LEDs and a
beeper. Their function s to give immediate information on the
status of the system and user attention with an alarm, particu-
larly in case the carbohydrates are under the critical level or
the scheduled time for the session is terminated.

The interaction of the user with the system, both for the
input of parameters and the control of device functions, must
be obviously accomplished by some input peripherals. The
main solution is to provide an input panel, i.e. pushbuttons,
but it is possible to provide for example a touch-screen inter-
face.

In order to receive information from a heart rate chest strap,
an interface is provided with a proper receiver to co-operate.
The generic available strap/receiver combinations differ
mainly for one feature, the use of open or encoded commu-
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nication. Chest straps transmitting signals that are not
encoded are slightly cheaper, but they are strongly subjected
to interferences coming from electromagnetic fields and the
presence of similar devices in the near range. In order to
prevent the possibility of realising a device that in some
conditions could be totally unusable, only encoded transmit-
ters and receivers should be taken into account.

For what concerns the power supply unit a battery and a
charging circuit are provided, especially in case of a portable
device. On the other hand, if transportability is not a neces-
sary feature, it suffices a power supply from the electrical
network.

A further consideration about the portability of the appa-
ratus should be here noted. Depending upon the overall size
due by the chosen components, various arrangements of the
apparatus could be designed, as an example; some possible
options could be:

an apparatus/device which is designed to be not portable,

for example for the integration in gym or electro-medi-
cal devices;

awrist watch-like apparatus/device, such as the commonly

available heart rate monitors;

belt support;

necklace support;

arm-wearable support (at the level of biceps and triceps for

example);

a simple pocket device, which does not provide any par-

ticular support to be worn.

With reference now to FIGS. 4 and 5, an embodiment of an
apparatus for realising the method according to the present
invention, is shown.

On the figures, the apparatus has a graphical LCD display
(i.e., with aresolution of 128x128 pixels). The total size of the
device, mainly due to the size of the display, does notallow an
easy use as portable instrument, while it could be interfaced
with gym supplies, such as spinning bicycles, treadmills and
steps.

The adopted processing unit is a Microchip PIC16F877
micro-controller with internal oscillator. The amount of
memory is sufficient for the actual software, but for a more
powerful version it will be necessary to choose a more pow-
erful system.

The interaction with the user is accomplished by 4 push-
buttons, and their functionality changes with the current sta-
tus. Normally two buttons are responsible for the navigation
among different parameters and functions, while the other
two are used to change the value (increase and decrease) of
the currently set parameter.

A beeper is used to alert the user in case of an event. It is
possible to associate to this some LEDs indicating the status
of the system (i.e. normal/dangerous situation, battery power
low/high, system on/stand-by).

For what regards the power unit, a 5 Volt voltage regulator
(LM7805) is present; the power can be supplied either by AC
power or an internal battery. For the power unit other solution
having minor supply voltage and/or minor current drain can
be foreseen.

The employed receiver is one of the basic models produced
by Polar, thus it must be coupled with the proper chest strap
from the same producer. In this version the transmitted signal
is not encoded. According to this embodiment, only the inter-
nal memory of the micro-controller is present, and no com-
mon interface to communicate with the PC is implemented,
except the one used to transfer and debug the software run-
ning on the device.

InFIG. 5 a screenshot of the typical user interface is shown.

The embodiment is herein described as example for a pos-
sible realisation of the apparatus of the invention, but can be
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further improved as readily apparent to the persons skilled in
the art.

For example, according to a first aspect of the embodiment
of present invention the size with respect to its portability in
motion can be suitably designed.

According to another aspect of the present embodiment,
there can be a chest strap and the receiver supporting encoded
communications, in order to prevent interference from other
devices. In fact the reception of disturbed signals can com-
promise the calculation of the carbohydrates, based on a
wrong heart rate information.

Furthermore, with the aim of exchange data in a more
simple way the device can be integrated with an interface for
SD (secure digital cards) or a similar technology.

Another component that can be added for a practical usage
is a backlight for the display.

A description of the software will be given, making refer-
ence to the flow chart of FIG. 2 relevant to the logical func-
tioning of the apparatus implementing the method according
to the present invention.

According to the present invention, the first part of the
software starts with a friendly user interface to allow the
patient or the physician to enter the appropriate data in the
system.

The patient’s daily insulin concentration profile is first
computed adding, throughout the day, all insulin profiles of
his/her therapy. To achieve this goal, for each insulin admin-
istration, the proper standard pharmacokinetic insulin pro-
files are realigned to the daytimes of injection and each of
them is proportionally converted according to the patient’s
dose. In addition, for the three day-periods (i.e. morning,
afternoon and evening), patient’s individual carbohydrates to
insulin dose ratios are taken into account.

Thus, the overall amount of insulin acting between one
injection and the following (with the exception of evening, for
which only 7 hours are considered after supper time insulin
administration) are then calculated and the ratios to the
amount of dietary carbohydrates are computed. These data
are used to determine what we called the effective daily
insulin profile, obtained by multiplying every data of the daily
insulin concentration profile by the ratio between the
patient’s carbohydrate/insulin ratio and the standard ratio.

Finally, the daily profile of the percentage carbohydrates
needed to prevent hypoglycaemia during exercise is obtained
by applying, for each time point of the effective daily insulin
profile, the literature relationship between percentage carbo-
hydrates and insulin concentration.

The obtained data are appropriately organised in a tabular
output, where patient’s personal and therapy data are sum-
marised at the top, while the daily profile of the percentage
carbohydrates needed to prevent hypoglycaemia during exet-
cise is sequentially reported according to the time distance
from insulin injections (middle columns). The printout is
completed (left three columns) by the glucose oxidation rate
data, i.e. the estimated amounts of glucose oxidised per
minute (or per hour) for heart rates ranging from rest to
maximal theoretical heart rate (calculated as 220-age).

These data are calculated according to patient’s age and
training habits. In addition, the final three columns ofthe table
may help the patient in determining the excess/lack in the
amount of glucose stored in his/her extra-cellular fluid com-
partment, reporting the theoretical glucose target level as a
function of the time elapsed from the last meal. In the patient-
oriented version of the software, these data are appropriately
stored until changes in the patient’s therapy and/or diet occur.
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Both in this version and in the physician-oriented version
of the software the table can be printed; in this last case, it can
be given to the patient, instructing the patient to use it appro-
priately.

On each exercise/activity occasion, some calculations are
needed, which rely on the data arranged in the printout
obtained in the setting step and are simple enough to be
performed also manually by the patient. According to exet-
cise intensity (expressed as heart rate) and duration, the total
amount of glucose oxidized during the effort will be calcu-
lated from the “glucose oxidation rate” data.

Subsequently, taking into account the day period and the
time elapsed from the last insulin administration, the appro-
priate percentage of carbohydrates needed to prevent
hypoglycemia are calculated. Finally, the excess/lack glucose
stored in the extra cellular fluid compartment has to be sub-
tracted/added to the previously calculated amount.

In the patient-oriented version of the software, an appro-
priate interface to be directly used on each exercise occasion
will be displayed on the monitor, asking the patient to enter
into the system the estimated exercise intensity and duration,
the starting daytime and glucose level.

Subsequently the calculations are performed automati-
cally, through the software and accessing the data stored after
the setting step. FIG. 5 shows the display information wherein
input data are shown for the user.

Further improvement of the software can be done having
regard to the following aspects:

the possibility for the user to take a break at any moment

and then restart the session after a little rest;

to take more carbohydrates and input the amount into the

system;

to input the system with the current level of glycaemia at

any moment by the user and thus update the estimated
value with an actual one;

to quit the exercise at any moment by the user; and

atthe end of the scheduled time the user could continue the

exercise.

According to another aspect of the present invention, is the
possibility to develop a software that implements the
described method on a normal PC. The main restriction is that
it is possible only to estimate the needed amount of carbohy-
drates before the activity and not to calculate the effective
consumption since there is not direct connection with the
chest strap for heart rate acquisition. Thus, it just implements
the method proposed, but skipping the steps of calculation
described before.

Further, it is also possible to calculate the amount of car-
bohydrates to reintegrate after the exercise.

Another possibility offered by the proposed software is to
create, on the basis of patient’s characteristics and therapy, a
printable table from which the patient can estimate with some
simple arrangements the amount of needed carbohydrates
without the need of a computer. Its limitation is that it can just
be employed if the usual therapy is strictly observed, while
the software can manage also some temporary variations.

A prototype of the software has been tested by the inven-
tors. The main idea is to realise a single piece of software
accessible through three different interfaces:

patient-side web browser;

doctor-side web browser;

patient-side SMS interface.

With reference to FIG. 6, the basic operations to be per-
formed by the system are:

1. insertion/modification of patient and therapy data:

done by the doctor by web interface;
done by the patient by web interface;
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2. precompiled table creation for off-line consultation:
done by the doctor by web interface;
done by the patient by web interface;

3. insertion of exercise session specific data and carbohy-
drates consumption estimation:
done by the patient by web interface;
done by the patient by SMS.

The main differences between the web access by the doctor
and that made by the patient is that the former can manage the
profiles of more users, while the latter can operate only on
his/her own profile, and that, more importantly, only the
former can “initiate” the latter to use the system, in order to
avoid that a patient could start to use the system without
suitable information and training (these being provided by the
doctor). According to another aspect, the user has the prece-
dence on the doctor, in the sense that he can decide to enable
or disable access to his/her data by the doctor. It is possible
also to provide some additional features, for example visua-
lise history or statistics of the various training sessions.

The flow chart of the web system is summarised into the
following steps:

1) User subscription to the service, with insertion of some

details such as personal contacts, user-id and password;

2) Insertion of details about user physical characteristics
and therapy. These are permanently stored on the server
and modified only if some of them effectively changes.
From these the values of CHO consumption are calcu-
lated and stored in a table. The table can be printed for
off-line consultation.

3) Whenever the user wants to do some activity, he/she can
access the system with the profile set at point (1) and,
inserting the exercise session details and the current
value of glycaemia, calculate the needed carbohydrates
for the specified activity.

This step (3) can be performed accessing the server through

a web page with a form or sending an SMS indicating the
needed parameters with a specified format. The user is auto-
matically identified on the base of his/her mobile telephone
number, which should be specified on step (1). At this point,
depending upon the kind of access, the system will reply with
a web page or a SMS to the patient’s telephone with the
amount of needed carbohydrates, plus some additional infor-
mation.

4) In the same way, the estimation of carbohydrates to be
reintegrated after the exercise can be performed request-
ing the calculation with respect to the previously
inserted session details (or new ones ifthe actual activity
was different than the scheduled one) and the current
value of glycaemia. Again the access can be performed
both by web interface or SMS.

The invention claimed is:
1. A method for preventing hypoglycaemia in a DP-1 dur-
ing physical activity, comprising the following steps:

providing a processing unit including memory that stores a
program code that performs calculations and stores
parameters of a process, the process comprising the
steps of:

defining of working constants and standard parameters;

introducing of patient and therapy specific parameters;

calculating of patient specific reference curves for a per-
centage carbohydrates consumption (% CHO);

scheduling a training session;

estimating the amount of carbohydrates (CHO) to be eaten
before said physical activity;

updating in real time the residual carbohydrates still avail-
able during said physical activity; and
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calculating the amount of carbohydrates to be restored

after said physical activity

wherein:

said step of introducing of patient and therapy specific

parameters comprises the value of glucose oxidation
rate approximated with a linear relationship character-
ized by a slope (BGm) and intercept (BGq), as a carbo-
hydrates consumption (grams/minutes) in function of
the heart rate (beats/minutes) and said step of updating
in real time the residual carbohydrates still available
during said physical activity comprises a calculation
performed continuously of the current glucose oxidation
rate calculated as the current heart rate using a linear
relation and wherein a value of required carbohydrates
for performing the physical activity is continuously cal-
culated by multiplying the current glucose oxidation rate
by the % CHO at the current time and wherein the
amount of required carbohydrates for the physical activ-
ity is updated by accumulating the value of required
carbohydrates calculated at a previous time

wherein said step of defining the working constants and

standard parameters comprises the steps of:

defining the number of hours of contribution of dinner

insulin;

defining the relationship between effective insulinemy and

percentage carbohydrates defining the standard sensibil-
ity;

defining a reference glycemic curve;

defining the type-specific insulin curves; and

defining a type-specific standard insulin dose and wherein

said relationship between effective insulinemy and per-
centage carbohydrates is a linear relationship having a
slope mpg=4.398 and intercept qpg=10.76.

2. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein the
number of hours to be defined in said step of defining the
number of hours of contribution of dinner insulin is 7 hours.

3. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
standard sensibility is set as 4.836.

4. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
reference glycemic curve represents the standard value of
glycaemia as a function of the time elapsed from the last meal.

5. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
type-specific insulin curves are curves representing the spe-
cific behaviour of each kind of insulin, presented as insulin
blood concentration in function of time.

6. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
type-specific standard insulin dose is the standard amount of
insulin yielding said type-specific insulin curves.

7. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
step of introducing of patient and therapy specific parameters
further comprises the following values:

age;

weight;

sex;

extra cellular fluid (ECF).

8. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 7, wherein said
value for the (ECF) when not available it can be approximated
to (in Litres) 27% of the weight for men, and 22.5% of the
weight for women.
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9. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1. wherein for
each insulin assumption of the patient the following informa-
tion must be specified:

kind of insulin;

dose in units;

time of the injection.

10. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
step of determining the personal glucose oxidation rate rela-
tionship of a patient can be obtained by performing measures
during controlled physical activity of said patient and then
performing a linear regression on the obtained set of values.

11. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
step of calculating patient specific reference curves for a
percentage carbohydrates consumption (% CHO) further
comprises the following steps:

calculating a dose ratio for each assumed insulin, said dose

ratio being obtained by dividing the assumed units of
insulin by the weight of the subject, and then dividing by
the standard dose for the assumed insulin;
calculating for each assumed insulin a specific curve
thereof by multiplying a corresponding standard curve
by the dose ratio calculated on the abovementioned step;

cumulating each specific curve to obtain an overall
insulinemia of the patient expressed as a concentration
of micro units of insulin in the blood,

calculating a value of insulin for a period as a ratio between

the cumulated insulin of a predetermined period and the
overall insulin of a day, and multiplied by the units of
insulin actually assumed;
calculating the ratio between eaten carbohydrates and a
sum of all the insulin for the period obtained at the
previous step for each of the predetermined periods of
the day, the obtained value being subsequently divided
for a standard sensibility as obtained in the preceding
steps to obtain a sensibility for the period in grams of
carbohydrates per units of insulin, which indicates the
ability of insulin to oxidize the carbohydrates;

summing the curves of all the insulin assumptions to obtain
a curve representing a blood concentration of insulin as
a function of time, and obtaining a curve of the total
insulinemia for the whole day, said curve of the total
insulinemia being further multiplied by said sensibility
to obtain an effective insulinemia; and

normalizing the effective insulinemia into % CHO curves

by a linear function having as slope (mpg) and as inter-
cept (qpg).

12. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
step of scheduling the training session comprises the follow-
ing data:

intensity of the activity, expressed as heart beats per minute

(bpm);

starting time;

duration;

glycaemia half an hour before the starting time.

13. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
step of estimating of required carbohydrates to be eaten com-
prises the following steps:

calculating the grams of carbohydrates oxidized per

minute, using a linear function of the bpm of the activity,
having as slope (BGm) and as intercept (BGq);
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multiplying the grams of carbohydrates oxidized per
minute times a session duration obtaining, the total value
of oxidized carbohydrates;

calculating the effective amount of carbohydrates to be
assumed before an end of'the specific session of physical
activity by multiplying the estimated carbohydrates oxi-
dation of the previous step by the %CHO consumption
within the time range that goes from the beginning of the
session to its end;

calculating the actual carbohydrates surplus as the carbo-
hydrates already available in the patient body before the
activity, by multiplying an ECF by the difference
between the glycaemia half an hour before said activity
and the standard reference glycaemia for that time
defined by a reference glycemic curve; and

obtaining the estimated amount of carbohydrates to be
assumed as the difference of the effective amount of
carbohydrates to be consumed and the actual carbohy-
drates surplus.

14. The method for preventing hypoglycaemia in a DP-1
during physical activity according to claim 1, wherein said
step of updating in real time the residual carbohydrates still
available during said physical activity further comprises the
following calculations performed continuously:

the value of the corresponding required carbohydrates cal-
culated by multiplying the current glucose oxidation rate
by the % CHO at the current time; and

the amount of overall required carbohydrates being
updated cumulating the value of carbohydrates calcu-
lated in the previous step.

15. Apparatus for carrying out a method for preventing
hypoglycaemia in a DP-1 during physical activity, compris-
ing:

a processor configured for executing program code that
performs calculations and stores parameters of a process
for preventing hypoglycaemia in a DP-1 patient, the
process including the steps of’ defining of working con-
stants and standard parameters including the steps of
defining the number of hours of contribution of dinner
insulin; defining the relationship between effective
insulinemy and percentage carbohydrates defining the
standard sensibility; defining a reference glycemic
curve; defining the type-specific insulin curves; and
defining a type-specific standard insulin dose and
wherein said relationship between effective insulinemy
and percentage carbohydrates is a linear relationship
having a slope mpg=4.398 and intercept qpg=10.76;
introducing of patient and therapy specific parameters
including the value of glucose oxidation rate approxi-
mated with a linear relationship characterized by a slope
(BGm) and intercept (BGq), as a carbohydrates con-
sumption (grams/minutes) in function of the heart rate
(beats/minutes) and said step of updating in real time the
residual carbohydrates still available during said physi-
cal activity comprises a calculation performed continu-
ously of the current glucose oxidation rate calculated as
the current heart rate using a linear relation and wherein
a value of required carbohydrates for performing the
physical activity is continuously calculated by multiply-
ing the current glucose oxidation rate by the % CHO at
the current time and wherein the amount of required
carbohydrates for the physical activity is updated by
accumulating the value of required carbohydrates calcu-
lated at a previous time; calculating of patient specific
reference curves for a percentage carbohydrates con-
sumption (% CHO); scheduling a training session; esti-
mating the amount of carbohydrates (CHO) to be eaten
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before said physical activity; updating in real time the
residual carbohydrates still available during said physi-
cal activity; and calculating the amount of carbohydrates
to be restored after said physical activity;

a chest strap detecting a heart rate of a patient and linked
with the processor for introducing of patient and therapy
specific parameters;

a control and input panel linked with the processor for
inputting patient and therapy specific parameters;

data memory linked to the processor storing the patient and
therapy specific parameters and a history of various ses-
sions;

a power supply linked with the apparatus;

a display linked with the processor for displaying calcu-
lated values, patient and therapy parameters, current
status and alarms in case of critical conditions;

a PC connection linked with the processor for communi-
cating with an external device;

memory interfaces linked with the processor for commu-
nicating with an external device:

output peripherals including LEDs and a beeper linked
with the processor providing an output response.

16. Apparatus for carrying out the method for preventing
hypoglycaemia in a DP-1 during physical activity according
to claim 15, wherein the apparatus overall sizes are chosen
among the following group:

an integration in gym or electro-medical devices fixed
apparatus;

a wrist watch-like apparatus/device;

belt supported apparatus;

necklace supported apparatus;

arm-wearable supported,

simple pocket apparatus.

17. A method for preventing hypoglycaemia in a DP-1
during physical activity, comprising the following steps:

providing a processing unit including memory that stores a
program code that performs calculations and stores
parameters of a process, the process comprising the
steps of:

defining of working constants and standard parameters;

introducing of patient and therapy specific parameters;

calculating of patient specific reference curves for a per-
centage carbohydrates consumption (% CHO);
scheduling a training session;

estimating the amount of carbohydrates (CHO) to be eaten
before said physical activity;

updating in real time the residual carbohydrates still avail-
able during said physical activity; and

calculating the amount of carbohydrates to be restored
after said physical activity

wherein:

said step of introducing of patient and therapy specific
parameters comprises the value of glucose oxidation
rate approximated with a linear relationship character-
ized by a slope (BGm) and intercept (BGq), as a carbo-
hydrates consumption (grams/minutes) in function of
the heart rate (beats/minutes) and said step of updating
in real time the residual carbohydrates still available
during said physical activity comprises a calculation
performed continuously of the current glucose oxidation
rate calculated as the current heart rate using a linear
relation and wherein a value of required carbohydrates
for performing the physical activity is continuously cal-
culated by multiplying the current glucose oxidation rate
by the % CHO at the current time and wherein the
amount of required carbohydrates for the physical activ-
ity is updated by accumulating the value of required
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carbohydrates calculated at a previous time and wherein
said step of introducing of patient and therapy specific
parameters further comprises the following values: age;
weight; sex; and extra cellular fluid (ECF), wherein said
value for the (ECF) when not available it can be approxi-
mated to (in Litres) 27% of the weight for men, and
22.5% of the weight for women.

18. A method for preventing hypoglycaemia in a DP-1

during physical activity, comprising the following steps:

providing a processing unit including memory that stores a
program code that performs calculations and stores
parameters of a process, the process comprising the
steps of:

defining of working constants and standard parameters;

introducing of patient and therapy specific parameters;

calculating of patient specific reference curves for a per-
centage carbohydrates consumption (% CHO);

scheduling a training session;

estimating the amount of carbohydrates (CHO) to be eaten

10

15

20

ized by a slope (BGm) and intercept (BGq), as a carbo-
hydrates consumption (grams/minutes) in function of
the heart rate (beats/minutes) and said step of updating
in real time the residual carbohydrates still available
during said physical activity comprises a calculation
performed continuously of the current glucose oxidation
rate calculated as the current heart rate using a linear
relation and wherein a value of required carbohydrates
for performing the physical activity is continuously cal-
culated by multiplying the current glucose oxidation rate
by the % CHO at the current time and wherein the
amount of required carbohydrates for the physical activ-
ity is updated by accumulating the value of required
carbohydrates calculated at a previous time

wherein said step of defining the working constants and

standard parameters comprises the steps of’

defining the number of hours of contribution of dinner

insulin;

defining the relationship between effective insulinemy and
percentage carbohydrates

defining the standard sensibility;

defining a reference glycemic curve;

defining the type-specific insulin curves; and

defining a type-specific standard insulin dose and wherein
said standard sensibility is set as 4.836.

before said physical activity; 20

updating in real time the residual carbohydrates still avail-
able during said physical activity; and

calculating the amount of carbohydrates to be restored
after said physical activity wherein:

said step of introducing of patient and therapy specific 25
parameters comprises the value of glucose oxidation
rate approximated with a linear relationship character- ook ok ko ®
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