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INFORMATION TECHNOLOGY FOR SUPPORTING
SELF-CONTROL IN THE FORMATION OF A RATIONAL
LIFESTYLE FOR DIABETICS PATIENTS

Introduction. Modern Diabetes mellitus is dangerous, chronic endocrine disease that originates
from the disorder of metabolism, connected primarily with violation of carbohydrate exchange.
Providing the necessity of independent self-control of health status of diabetes patients is the urgent
problem of present time. The use of information technologies and mobile medicine facilitates enhanc-
ing the efficiency of self-control of health status by the patient.

The purpose of the paper is to develop a combined information technology to enhance
the efficiency of glycemic self-control in case of diabetes at different stages of treatment.
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Results. We offer the algorithm of determination of the state of glycaemia regulation system
based on the analysis of test results of glucose tolerance and the extended classification scale of
glycaemia control (norm, violated tolerance (non-obvious diabetes, latent form, risk zone) that
enhances the split ability of standardized methodology and enables timely measures of prophylac-
tic actions to prevent real violations in glycaemia control system. An algorithm is implemented
into software for desktops, tablets and mobiles under Android OS.

The developed information technology of decision-making support to choose an ade-
quate mode of activity and meals for patients with diabetes helps to calculate the misbalance
between energy gained by chosen menu (by the set of foods and dishes) and energy spent at
the different types of the pre-arranged activity (physical, intellectual etc.).

Conclusions. Introduction of the designed algorithm in mobile devices is aimed to fa-
cilitate the availability of early diagnostics of violations in carbohydrate regulation system
that may assist to reduce risks of emergence of obvious forms of diabetes mellitus. The use in
the designed technology the principle of the external combined adjustment, that unites posi-
tive features of adjustment by disturbance with adjustment with feedback provides the possi-
bility to enhance efficiency of self-control of the health status for the patient. The technology
is implemented for desktops, tablets and mobiles on Android OS and enables access to infor-
mation for the user with different degree of violation in carbohydrate exchange adjustment —
at the state of preambulatory help and during the treatment.

Keywords: information technology, diabetes mellitus, self-control of patient's health, man-
agement principles, M-medicine mobile media: information technology, self-monitoring of
patient's health, management principles, mobile applications.

INTRODUCTION

Diabetes mellitus (DM) is dangerous chronic endocrine disease that originates from
the disorder of metabolism, primarily associated with violation of carbohydrate ex-
change. Next to cardiovascular and oncologic diseases it occupies one of the leading
places on medical-social scale. Starting from 50-ies of XX™ century we may observe
the constant increase of morbidity, spreading and death rate caused by this disease;
the problem has been studied in many publications of leading diabetologists [1-4].
According to the estimates of the International Diabetes Federation (IDF) about 425
million people in the whole world suffer from diabetes. If nothing is done, the num-
ber of people with diabetes may rise to 629 million to 2045 that makes almost 6,5 %
planet population [5]. World Health Organization relates this disease to the class of
noninfectious epidemic [6, 7].

In Ukraine diabetes is one of the wide-spread diseases, and about 1,3 mil-
lion people suffer from it; one fifth of patients are insulin dependent [8, 9].
Prevalence of DM in Ukraine in 2010 constitutes 7,6%, while in the year of
2030 it is expected to reach 9% with the amount of patients, if corresponding
measures won’t be taken, grows up to 35,5% [10].

As diabetes is regarded to be a chronic disease that does not provide perma-
nent control from the side of a doctor, thus in such situation this function has to be
fulfilled by a patient. It serves the WHO recommendations related to the change of
paradigm of rendering assistance in such diseases, focused to the change of ac-
cents in the treatment process. Now the advantage in decision-making related to
the correction and support of the compensative state of such disease belongs to the
patient [11, 12]. The necessity of self-control for patients with diabetes is the ur-
gent problem of present time [13—16]. Now a doctor himself comes forward as an
expert, while the final decision belongs to the patient, that he makes with the con-
sideration of sociological, psychological and social factors. At the same time a
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problem of ethic nature arises, as grows the patient’s responsibility for the diabetes
status. The use of information technologies and mobile medicine facilitates the
efficiency of patient self-control of the health status.

PROBLEM STATEMENT

It must be noted that deficit of sugar reducing hormone of insulin or resistance to
it lies at the core of the carbohydrate exchange violation that makes impossible
glucose absorption by tissues. The result of such disorder leads to a high level of
glucose in blood and its variability. If fluctuations of glucose level have a long
duration nature and occur often, it may result in vascular complications that end
in early invalidilization and increase of death rate risks [17].

Commonly accepted therapy is basal-bolus regimen. Its core principle is based
upon the attempt to recreate pancreas function related to its reaction on food. It is of
replacement nature that consists in insulin discrete injections, coordinated with a
carbohydrate constituent in the predictable meals under discrete control of glucose
level in blood with the help of glucometers [18]. It must be noted that such treatment
needs active participation from the side of a patient and depends fully on his motiva-
tion, skills, knowledge, while not all patients strictly follow doctor’s recommenda-
tions. Even experienced patients with high motivation that fulfil all medical recom-
mendations may face unsatisfactory results. It often depends on the individual pecu-
liarities of regulation related to insulin-resistance, inflammations in the places of
injections, allergy on a metal etc.

In treatment technical means that support insulin therapy are also often used,
such as: portable devices of insulin infusion into hypoderm by pump (intensifica-
tion of basal-bolus therapy) [19]. Such method does not eliminate the problems
related to variability of the glycaemia, hypoglycemia situations and other compli-
cations as well. Devices of the continuous glucose monitoring (CGM) [20] are
also widely used in treatment, and they provide information of the level of gly-
caemia during the day (each 5 minutes) and signal about dangerous hypo- and
hypoglycemic situations to take timely measures for their reduction.

These technical developments considerably enhance the efficiency of gly-
cemic control and are components that substantially contributes to the creation
of artificial pancreas with closed feedback. It must be said that these data are not
exact, because continuous monitoring system provides information about the
level of glucose not in blood, but in an intercellular liquid; these levels are dif-
ferent, but the tendency of glycaemia dynamics is traced [21].

Such technical possibilities aimed to support glycaemia adjustment im-
proved the process of standardized insulin therapy, but the problem of choosing
the insulin dose that compensates carbohydrate component in meal is still rele-
vant as the usage of glucometers, the systems of continuous monitoring and in-
fusion systems do not eliminate the occurrence of hyperglycemic / hypoglyce-
mic situations and of complications related to the practical use of these facilities
(inflammation in the places of contact etc.). Furthermore, these technical devices
are expensive enough and inaccessible to a wide public.
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Diabetes is a very complicated endocrine disease that needs various sup-
ports: not only pharmaceutical due to the synthesis of new medications, not only
technical due to development of new devices, but, taking into account the chal-
lenges of modern time associated with the swift development of informative
society, it needs information support (computer, mobile, Internet etc.). A patient
is unable to fulfil the desire related with the realization of effective control of his
diabetic status if he does not have an access to the necessary information tool. It
should be mentioned that worldwide different diabetes researches pay a lot of
attention to this very important problem. A great number of scientific reviews
and thematic articles is dedicated to the problem of its actuality and to the re-
search of the efficiency of use of information technologies, for example [22-25],
where the implementation of information technologies aimed to improve diag-
nostics, treatment, monitoring and diabetes control is analyzed.

In survey-analytical works [23, 26-28] the information on efficiency and
strategic prospect of the use of information telemedical component in the proc-
ess of diabetes treatment is given.

World experience of the use of mobile telephones in medicine, including
diabetology, is given in the following survey [29]. Technical capabilities of tele-
phones and their closeness to the owner give real-time opportunity to get and to
give necessary information to the user. Practically all modern smartphones have
an organizers facilities that facilitate health control in case of chronic diseases,
diabetes in particular. Smartphones are capable to register and to send to the
doctor personal data of health status, meals, physical exercises, level of glucose
and other parameters via means of communication (SMS, websites posting).

The majority of researches of the state of those diabetic patients who self-control
their health status by monitoring a consumption of meal, physical activity and regular
glucose measuring indicate improvement in control of this disease [22]. Generally,
plenty of information about concrete applications of mobiles may be found in Internet.
Along with the positive appraisal of the use of mobile devices whilst granting consul-
tations to patients with DM, authors of survey [30] drew attention to problems associ-
ated with mobile expenses and their compensation to users. Together with advantages
of information technologies some authors take notice on drawbacks in diabetes treat-
ment, that are - higher cost of primary and technical services, complication of the use
of computer and information systems for medical personnel and patients who do not
have sufficient experience with computer devices. However, the demand for mobile
applications constantly grows [31, 32].

The analysis of modern researches has shown that use of information tech-
nologies, in addition to traditional therapy, improves glycemic control with dif-
ferent efficiency at different clinical situations for patients with diabetes [22].
There is a need in integrated information techniques that combine simultane-
ously several technologies to provide diabetes treatment.

The purpose of the article is to develop integrated information technique
of increasing the efficiency of glycemic self-control in case of diabetes at differ-
ent stages of treatment process.

The information technique is designed to support decision-making for early
diagnostics of the state of the carbohydrate exchange system and to provide self-
control of glycemic status subject to energetic balance.
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INFORMATION SUPPORT OF DEFINITION OF THE CONDITION
OF CARBOHYDRATE EXCHANGE SYSTEM ON PRE-NOSOLOGICAL STAGE

The increase of diabetes dissemination is by and large related to its asympto-
matic progress on the early stages of disease. For this reason, a person starts
seeking advice from a doctor with a delay, when complications have already
aroused. At this stage treatment is difficult and expensive. Due to this group of
people who consider themselves to be relatively healthy as increased level of
glucose does not affect the way of living, the amount of DM patients increase up
to 15% annually [1] and dissemination expands. To win the battle against this
disease and to take prevention measures against its complications it is crucial to
provide an early determination of violations in carbohydrate exchange and
timely detection of DM patients. The earlier disease is being identified, the more
chances to preserve capacity, the more effective treatment will be.

In WHO Recommendations of 2011 a new diagnostic criterion based upon gly-
colized HbAlc hemoglobin is approved. Its application simplifies the identification
of the asymptomatic stage of the disease. At the same time a new diagnostic scale is
recommended: value HbAlc > 6,5% — corresponds to the diagnosis of diabetes
mellitus; while 6,4% > HbAlc > 5,7% constitutes a high-risk group; and for HbAlc
< 5,7% — is the norm [33]. Introduction the methodology of determination of
HbA 1¢ concentration into a practice of diagnostics of glycemic determination status
substantially improved identification of pre-clinic stages of diabetes, and its treat-
ment and support at the stage of compensation disregarding the fact that the evalua-
tion according to this method is of accumulative character, as only time-period of
three month deviations in adjustment is taken into consideration.

Besides, in practice of DM treatment glucose tolerance test (GTT) based on
laboratory analysis data of glycaemia by three information points is widely used:
on an empty stomach, in one hour and in two hours on the background of the per
oral test glucose loading. Obtained test glycemic profile of dynamics of blood
sugar serves as the indicator of quality of functioning of the system of glycaemia
adjustment. As a result, three states of the glycemic adjustment system depend-
ing on the values of glycaemia concentration on the time scale, that are - norm,
violated tolerance, diabetes [34, 35].

Must be noted that diagnostic properties of glucose-tolerance test can be in-
creased due to the improvement of its results processing. The algorithm of determi-
nation of the status of glycaemia adjustment system based on calculation and analy-
sis of the linear-weighted sum of the amounts of deviations in test measuring of
glucose concentration that differs from the average glycemic norm for healthy peo-
ple (during the same physical activity) in exactly those three points: on an empty
stomach, in one hour and in two hours after the test glucose loading (Fig.1) is of-
fered. With the help of designed diagnostic scale, it is possible to define not only the
status of glycaemia adjustment system using a standard diagnostic range: norm,
violated tolerance (non-obvious diabetes, latent form) and diabetes, but also to fur-
ther define a risk zone [34]. A presence of that additional range in the diagnostic
appraisal enhance the resolving powerof standard methodology that enables to pro-
vide timely measures to prevent actual violations in glycaemia adjustment system.
The early detection of persons with those violations at the preclinical stage will as-
sist the reduction of disease dissemination.
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The implementation of the designed algorithm into mobile devices is aimed
to increase the availability of the service of early diagnostics of violations in
carbohydrate exchange system that may assist the risk reduction of the emer-
gence of explicit forms of diabetes disease.

This algorithm is implemented in three software variants: for computers,
tablets and for mobile devices on Android OS. The screen forms for mobile im-
plementation are shown (Fig. 2).

d - Criterion for quantifying the degree of violations in carbohydrate metabolism

Glucose tolerance test

8 = oty (¥1-y 1)t (Y2-yan)+ a3(ys-yan)

& = (¥i"max = ¥Yi"min)/ (Y max —Ymin)

0<d=<15 -norm
15<8=<25 - risk group
t
25<86=<40 - impaired tolerance
3>40 - diabetes

Fig. 1. Chart of determination of the status of glycaemia adjustment system
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Fig. 2. Screen forms for mobile implementation: a) window of choosing the module;
b) initial data for test input; c¢) diagnostic window
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INFORMATION SUPPORT OF GLYCEMIA SELF-CONTROL.
ENERGY BALANGE

In the course of evolution, a complex system of adjustment of carbohydrate ex-
change was formed to grant its energy needs. At the same time, it is necessary to
maintain the concentration of glucose in blood within homoeostatic limits; the
task that is carried out due to coordinated co-operation both — of nervous and
endocrine mechanisms. That stable enough homoeostasis in a healthy organism
counteracts against various external influences related to the periodic meals,
physical and emotional activities, etc. [36, 37].

In terms of control theory [38] must be indicated that in the organism a quite
complex and well-balanced automatic system of physiological control with hier-
archical framework of direct and inverse relationship is established. A set of
glucoreceptors sends the information about the level of glucose concentration to
the central nervous system (hypophysis, hypothalamus), and from there via
nervous fibers — to the pancreas that secretes a sugar-reducing hormone —
insulin, the activity of which increases, if glucose is in a hyperglycemic phase.
In case of hypoglycemia a set of endocrine disruptors that perform contrinsular
function — opposed to that of pancreas, and in this situation it assists the in-
crease of glycemic level [37].

External glycemic control setting. In a healthy organism all these processes
are executed automatically. In a pathological state at diabetes, when automatic
physiology control is impaired, such control is replaced by the external therapeu-
tic measures aimed to artificially recreate the perfect physiology adjustment.

For organization of artificial process of glycaemia control it would be useful
to take advantage of control theory terminology. For this purpose, it is necessary:

e to have a clear idea about the purpose necessary to attain control meas-
ures, desirable range of glycaemia values that has to be attained;

e to have information about the influence at least of basic external factors,
such as — meals, physical activities that can be considered, although there is an
enormous amount of emotional accidents that is impossible to envisage,

e to have data about the state of the object in control — current glycaemia
level at the moment of control measures to be taken.

The principle of external control with feedback. Depending on the availability
of information mentioned above the approaches of control differ [38]. In case of a
technical feasibility to get continuous glycemic control and transportation of basic
therapeutic substances into an organism - as insulin, contra-insular factors - then the
principle of automatic control with a feedback is being implemented. In case a con-
trol device obtains delayed data, one should implement the principle of adaptive
control involving feedback contour of prognosis model [39]. At the same time the
system reacts on the fact of deviation in glycemic level from its desired value, re-
gardless reasons that caused it.

Feedback is a way to artificial pancreas. The ways of glucose measuring that
may replace glucoreceptors are able to implement an adjustment option with feedback,
that is the initial stage to creation of artificial pancreas. Lately the design and testing of
such devices are being conducted, while problems of making a system of artificial
glycaemia adjustment were defined [21, 39, 40]. On Fig.3 the fundamental diagram of
control system with feedback (artificial pancreas) is presented.
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Fig. 3. A functional diagram of control process managing deviation with a feedback

Principle of external control based on disturbance. In case of lack of automatic
control, when the correction of the status runs discretely according to a certain time
schedule with some delay — as there is no possibility to work out timely glucose
measuring — an attempt to use terminology of automatic control theory would be
incomplete, if external influences onto a carbohydrate constituent both — at meals and
data of energy consumption during different types of activity are not being considered.
To solving such a problem in everyday life the modern information space offers plenty
of databases on food and energy consumption with the information offered in article
and on Internet web-sites [41, 42]. The possibility of the quantitative consideration of
these factors, if spoken in terms of control theory, recreates that part of control process
that is called adjustment by disturbance. In such a case the system is invariant towards
its internal state and does not depend on glucose concentration in blood because such
information is missing. A positive issue of such control grounds on the fact that then
the compensation of disturbance is implemented with prior warning of its effect onto
glycemic level, in other words before this disturbance affects control parameter. The
functional diagram of such a control process is given in Fig. 4.

The weaknesses of control by disturbance lie in the fact that the system enables
only a limited number of disturbances. For the designed technology they are — meals
and physical activity. An attention must be paid to the fact that the dependence of
control measures (doses of insulin) from external influences (meals and activity) is
quite complex one and cannot be accordingly realized exactly. Besides, other external
influences onto adjustment system may exist as well, that are hard to consider, e.g.
emotional disturbances. Another drawback of application with such control principle
is that in this case the system becomes invariant towards internal health profile. In our
case it means that deviations in adjusted parameter of glycaemia from a desirable level
undoubtedly exist, but they are not considered in calculation of a controlled insulin
dose according to this control principle.

Principle of the external combined adjustment. Information content in ex-
ternal control constituent taken from databases is given in such a way that user
takes for granted as a basis for qualitative energy supply and energy spending
should be accordingly complemented by glucose-in-blood measuring before a
meal. Data input of these measurements into the calculation of insulin bolus may
help to recreate and quantitatively consider smooth mechanisms of glycemic
adjustment, that take place in a healthy organism. And in terms of control theory
this is the combined adjustment that consists of two constituents — 1) feedback
adjustment of glycaemia deviation from a desirable level and 2) adjustment by
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disturbance. The principle that combines the positive features of adjustment by
disturbance and a feedback by deviation is most precise one and has widespread
use. A result of functional diagram complemented by the contour of the discrete
feedback harmonized with meals is presented on Fig.4.

There are a few protocols of insulin therapy. The closest to the natural se-
cretion of insulin by pancreas that reacts on meals is basical-bolus methodology
that is widely used in practice of diabetes therapy. According to this methodol-
ogy the correction of the compensatory insulin dose on a meal, calculated by
carbohydrate choice added by additional dose of insulin depending on the gly-
caemia level before a meal [43] is assumed.
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Fig. 4. Functional diagram of control by disturbance
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Fig. 5. Functional diagram of the combined control - a combination of adjustment by dis-
turbance with feedback adjustment of glycaemia deviation from a desirable level

88 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2019. Ne 3 (197)



Information Technology for Supporting self-Control in the Formation of a Rational Lifestyle

Thus, basic principles of automatic control theory are applied to therapeu-
tic measures of DM treatment however a discrete mode. The fundamental dia-
gram of such a combined control is presented (Fig. 5).

INFORMATION-STRUCTURAL MODEL

Taking into account the fact that diabetes is chronic disease, while patient faces
the problems in private and constantly needs information help, the following
task is set: to work out information technology to support decision-making
aimed to simplify, bring it closer to the consumer and to make accessible the
necessary information with the help of modern computer and mobile means.

A basic factor in medical treatment that accompanies sugar-reducing therapy
is a diet therapy. Patients with diabetes of the 1* and the 2™ types must thoroughly
learn — first with the help of specialist, then independently — to calculate calo-
ries, carbohydrates and carbohydrate choice contained in meals, plan the meals
according to individual needs that depend on the type of diabetes, anthropometric
data, physical activity of patient and other factors. Principles of choosing a diet of
a certain calorie content that meets energy consumption fundamentally depends on
type of diabetes. In case of diabetes of the 1* type it is crucial to coordinate carbo-
hydrates in a chosen menu with the compensative dose of insulin that is calculated
according to the amount of carbohydrate choice (CC) equivalent to the carbohy-
drate constituent in a meal. For diabetes of the 2™ type, as it deals with violations
of carbohydrate-adipose metabolism persons with excessive body mass have to
calculate calories to further reduce. In both cases patients are bound to execute
routine calculations that negatively influence the quality of everyday life.

To facilitate it plenty of computer programs and applications that contain
necessary information are designed. However, such information is often am-
biguous and contradictory. Information support for the developed technology is
based on normative documents of Ministry of Health of Ukraine concerning
norms of physiologic needs of population of Ukraine in basic foodstuffs and
energy [44]. Data related to day's requirement in calorie equivalent for different
age groups of adult population given in the article are approximated by equa-
tions of regression such as:

Q=A*W +B,

where: Q — is the day's requirement in calories excluding physical activity,
W — is weight, A, B— are coefficients of regression.

The results of approximation are given in Table 1.

Activity is considered according to the following formulas:

Very easy Ql=Q+Q/6
Easy Q2=0Q+Q/3
Middle weight Q3=0Q+Q12
Heavy Q4=0Q+2Q/3
Very heavy Q5= Q+2Q
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Table 1. Coefficients of regression equations for the calculation of daily needs
in a calorie equivalent for different age groups of adult population

Equations Q=A*W +B
Men Women
Age A B A B
18-29 16,4 610,8 15,0 477,8
30-39 15,5 572,7 14,5 465,8
40-59 14,4 540,3 14,1 449.8
>60 13,5 495,1 13,4 426,9

Technological basis of the designed information technology grounds on the
information-structural model of the problem focused on the division of all vol-
ume of knowledge according to a task organized into separate modules of logi-
cally-combinatory type and into modules of calculation procedures that represent
their quality features and their specific use (Fig. 6).

The module of data processing provides the interpretation of results, conclu-
sions and recommendations on calories in meals. According to these data the
body weight index, recommended mass and weight misbalance are calculated,
and those data obtained use as the basis for diagnostic conclusions ("Mass in
norm", "Deficit of mass", "Higher norm", "Obesities of a 1,2,3 Degree").

A structural diagram illustrates algorithmically envisaged actions incorpo-
rated by logical sequence of allocated modules.

The module of input data contains:

e personal anthropometric data, type of diabetes, disease duration, type of
activity according to professional activity of user (chosen from the list);

e glycaemia level before a meal, desirable glycaemia level (mmol/l).

Module "Energy balance" combines "Foods" and "Activity" databases.

These modules have a hierarchical structure, constituents of which are grouped
and contain corresponding data characteristic for dietology and for the science of labor
activity (with the consideration of a consumer basket, national cuisine etc.).

Basic information kernel of the module "Energy balance" consists databases
(as dynamic tables with the calculation fields) of foods and types of activity with
corresponding hierarchical organization (types, groups, kinds).

In the process of implementation rules of these bases according to the designed
algorithms a misbalance between energy that comes into an organism together with
the user chosen menu (the set of products and dishes) and energy that is spent during
different types of the pre-arranged activity (physical, intellectual etc.) is calculated.
The output of work of this module is the value of calories in foods of chosen menu,
carbohydrate constituent, carbohydrate choice and compensatory insulin dose that
recreates the component adjustment by disturbance described higher.

The calculation of additional dose of insulin according to the results of de-
viation of glycaemia level before a meal from the desirable one realizes an ad-
justment constituent with feedback.

The result of a combined correction is the cumulative insulin dose. It is nec-
essary to consider the individual sensitiveness of patient to the type of insulin,
the coefficient of that is chosen personally.
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to choose the menu adequate to energy consumption
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This technology is implemented in three modifications: for desktops, tablets
and for mobile devices on Android [34]. The screen forms for mobiles are pre-
sented (Fig. 7).

The implementation of the designed technology in mobile Android applica-
tions brings closer information support to the user for the further independent
practice of rules of harmonization of insulin therapy with building up an ade-
quate energy balance in relation of energy supply with a meal and its further
spending during pre-arranged activity in a calories equivalent.
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Fig. 7. Screenshots for mobiles: a) starting window, b) input data, c¢) conclusions, d) choice
of database (activity, foods), e) calculation of calories content and constituents (proteins,
fats, carbohydrates) for each meal, f) tables of calories taken with meal and spent during
pre-arranged activity and insulin dose
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The application of the designed combined technology aimed to support a
decision-making in diabetology according to the different stages of treatment
process (diagnostics, treatment, insulin therapy) with the use of computer facili-
ties of different level of realization (computers, tablets, mobiles) gives an oppor-
tunity to enhance efficiency, to bring it closer to the user, to do more accessible
an information help to the patient with the different degree of violation in carbo-
hydrate exchange, both — at the stage of preclinical ambulatory help and during
the treatment itself.It must be noted that if a correction of insulin dose is excep-
tional prerogative of treatment process, then a diet correctly chosen with the help
of modern information technologies (mobile as well) is the component of deci-
sion-making support at all stages of treatment and in everyday’s life.

The approbation of designed information technology was performed in
V.P.Komissarenko Institute of Endocrinology and Metabolism in ambulatory
care of DM patients and the results have shown positive influence on making a
decision in the process of treatment.

CONCLUSIONS

Despite certain achievements in diabetology, diabetes mellitus remains a prob-
lematic disease and it needs careful and laborious therapeutic efforts and consid-
erable financial costs to provide a patient an adequate level of life sustenance.

The offered algorithm of determination of the state of glycaemia adjustment sys-
tem that grounds on the analysis of test results on glucose tolerance and on the ex-
tended classification scale of glycaemia adjustment — norm, risk zone, violated toler-
ance (latent form) and diabetes — enhances the resolving power of standardized
methodology that enables timely to take necessary prophylactic measures to avoid real
violations in the system of glycaemia adjustment.

The principle of the external combined adjustment that combines positive features
of adjustment by disturbance with that with feedback is now admitted to be the most
acceptable. And that implies its wider application in developing the information means
of decision-making support to finer tuning of carbohydrate exchange system.

The developed information technology of decision-making support to choose an
adequate mode of activity and meals for patients with diabetes provides making a
decision at different treatment stages through the calculation of misbalance between
energy gained by chosen menu (by the set of foods and dishes) and energy spent at the
different types of the pre-arranged activity (physical, intellectual etc.). The technology
is implemented into software for desktops, tablets and mobiles under Android OS. The
use of such technology enables to enhance the efficiency of diabetes treatment and
facilitates information help to the user with the different degree of violation in carbo-
hydrate exchange adjustment.
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IIpo 3arBepmxenHs Hopm ¢izionoriyaux notped HaceneHHS YKpaiHu B OCHOBHHUX Xap-
4yoBUX peyoBrHax i eHeprii. Hakaz 03.09.2017 Ne 1073 MiHicTepcTBa OXOPOHH 3/10pOB’ s
Vkpainu. URL: http://zakon2.rada.gov.ua/laws/show/z1206-17.

Otpumano: 19.06.2019
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Kiforenko S.1., Hontar T.M.,. Orlenko V.L, Ivaskiva K.Y., Obelets T.A.

C.I. Kighopenxo', n-p Gion. Hayk, cTapIi. HayK. CriBpo6.,
MPOB. HAyK. CIiBPOO. BiJyI. 3aCTOCYBaHHS MaTEMaTHYHUX 1 TEXHIYHUX
METO/IB y 0ioJIorii Ta MEAUITUHI

email: skifor@ukr.net

T.M. I'onmap’, xaua. 6ioi. HayK, CTapll.HAayK. CHiBPOO.,
CTaplil.HAyK. CIiBPOO. BilJl. 3aCTOCYBaHHSI MaTeMaTUYHUX
1 TEXHIYHUX METOJIB y 6i0JIOTii Ta METUIIMHI

email: gtm_kiev(@ukr.net

B.JI. Opnenxo’, ka1, MeJI. HayK, CTapIlL.HAYK. CIiBPOO.,
3aB. HAYKOBO-KOHCYJIbTATHBHOTO BiUILTY
aMOyJIaTOPHO-TIPOQITAKTHYHOT JOTIOMOTH XBOPUM

3 eHJOKPUHHOIO MATOJIOTIEI0

email: orleva@ukr.net

K.IO. Isacvkisa’, Kan. M. HayK, CTapIl. HayK. CIiBpoo.,
HAYKOBO-KOHCYJIbTATUBHHI BiJIiI
aMOyJIaTOPHO-MIPOQIIAKTHYHOT JOTOMOTH

XBOPUM 3 €HJOKPHHHOIO MaTOJIOTi€I0

email: k_iva@ukr.net

T.A. Obeneys’, MOIOJIL. HAYK. CIIBPOG.,

BiJUI. 3aCTOCYBaHHS MAaTEMaTUYHUX 1 TEXHIYHHX

MeToiB y 06iojorii Ta MeAUIUHI

email: gtm_kiev(@ukr.net

" MixkHapouuit HayKoBO-HaBYATBHHI IEHTp iH(pOpMALifHIX
texnoorii ta cucteM HAH Vkpainu ta MOH Ykpaiuu,
np. Akaa. I'mymkosa, 40, M. Kuis, 03187, Ykpaina

? [HCTHTYT €HIOKPHHOJIOTI Ta 06MiHY pedoBHH

iM. B.IT. Komicapeuka HAMH Vkpainu,

ByJI. Bumroponceka, 69. M. Kuis, 04114 Ykpaina

[HOOPMAIIIMHA TEXHOJIOT' T HIATPUMKU CAMOKOHTPOJIIO
Y ®OPMYBAHHI PAITIOHAJIBHOI XUTTEAIAJIIBHOCTI V [TAIIIEHTIB
XBOPUX HA JIABET

Beryn. Lykposuii niaber — HeOe3neuHe, MOMMPEHE XPOHIYHE SHIOKPUHHE 3aXBOPIOBAaHHSI,
B OCHOBI SIKOTO JISKHTh PO37aj]] OOMiHY PEYOBHH, MOB SI3aHUMA, B MEPIIY Yepry, 3 MOPYIICH-
HSIM BYTJICBOJJHOTO OOMiHY. 3a0e3meueHHs] HEOOXiTHOCTI CaMOCTIHHOTO KOHTPOJIIO 33 CTAHOM
3/I0pOB’sl XBOpUX Ha Aia0eT € HaraJbHOK Npo0JIeMOor0 cboroJieHHs. BukopucranHs 3aco0iB
iH(hOpMALIHHUX TEXHOJOTH Ta MOOLTBHOT MEITUIIMHN YMOXKJIMBIIOE MIIBUIICHHS C(EKTHB-
HOCTI CAMOKOHTPOJIIO MAI[IEHTOM CTaHy CBOTO 37I0POB’sL.

MeTo10 cTaTTi € PO3pOOJICHHA KOMILICKCHOT iHPOPMAIIHHOT TEXHOJIOTIT JJIs TTiABUIIICH-
HSl €)EeKTUBHOCTI IIIIKEMIYHOTO CaMOKOHTPOJIIO Y pa3si AiadeTy Ha pi3HHX eTanax JiKyBajb-
HOTO TIpOLeCy.

Pe3yabTaTi. 3amponoHOBaHO alrOPUTM BU3HAYEHHS CTaHy CHCTEMH DPeTyJIAMii Tirike-
Mii, B OCHOBY SIKOTO MOKJIAJICHO aHalli3 Pe3yJbTaTiB INIIOKO30TOJNIEPAHTHOTO TeCTy. Pe3ynbTa-
TOM € pO3IIHpeHa KiachpikamiliHa IKaga perysiil riaikemMii — HopMa, 30Ha PU3HKY, TOpY-
IICHA TOJICPAHTHICTH (JareHTHa (¢opma), niabeT, Mo MiBUIILYE PO3AUILHY 3JATHICTh CTaH-
JIAPTHOI METOIUKH 1 JIa€ 3MOTY CBOEYACHO ITPOBOJIUTH 3aXOJU LIOJIO0 3aCTOCYBAaHHS MPOdi-
JAKTHYHHX il JUTS 3a00iraHHs MPOsIBY pealibHUX MOPYIICHb B CUCTEMI PEeryJIsil TirikeMmii.
AJNropUTM IPOrpaMHO peali3oBaHO y TPhOX BapiaHTax: AJIs KOMII'IOTEpiB, IJIAHIIETIB 1 JUIs
MoOiIbHUX TpUCTpoiB Tix OC Auapoin. Po3pobiena iHdopmaiiiiHa TeXHOIOTIS TiATPUMKH
TOPUIHATTS PillieHb y BHOOPI aJeKBaTHOTO PEKMMY aKTHBHOCTI Ta Xap4yBaHHs XBOPHX Ha
niabeT 3a0e3neuye BU3HAUCHHS AUCOATAHCY MIXK CHEPTi€l0, sika MOCTYIIAE B OPTaHi3M pa3oM 3
BUOpaHMM KOPHUCTYBa4yeM MEHIO (HAOOpOM MPOAYKTIB i OJIFOM) i €HEpri€ro, sika BUTPAYAETHCS
3a pi3HUX BUJIIB 3aIIAHOBAHOT isUTbHOCTI ((I3UYHOT, IHTEIEKTYTBbHOI TOIIO).

BucnoBku. BukopucranHs y po3po0JieHiii TeXHOIOTIT MPUHIUITY 30BHIMIHEOTO KOMOi-
HOBAHOT'O PETYJIOBAHHS, SIKHU MMOEIHYE MO3UTHBHI SKOCTI KepyBaHHS 3a 30ypeHHsIM 1 Kepy-
BaHHS 31 3BOPOTHHUM 3B’S3KOM 32 BIIXUJICHHSM, 3a0€3MEUNIIO MOXKIIUBICTD MiIBUIIUTH e(ek-
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Information Technology for Supporting self-Control in the Formation of a Rational Lifestyle

THUBHICTh CAMOKOHTPOJIIO MAIIEHTOM CTaHy CBOTro 3710poB’s. Peamizawisi TeXHOJOTrI y TPpHOX
MOJTU}IKAIIAX: A CTAllIOHAPHUX KOMII FOTEPIB, IUIAHIIETIB 1 /U1 MOOUILHUX MPUCTPOIB TIiJT
OC Anzpoin mae 3Mory 3poOUTH JOCTYIHIIION iHGOpMalilfHy IOIOMOrY KOPUCTYBadeBi 3
PI3HUM CTYyTEHEM TOPYIIECHHS PEryJIsAiil ByrIeBOIHOTO OOMiHY: Ha eTari JOKIIHIYHOI 10T0-
MOTH Ta Ha eTarli JIiKyBaHHSI.

Knrwwuosi cnosa: ingopmayitina mexnonoeis, yykposuil diabem, camoKOHmMpOib CMany 300-
P08’ nayicHMoM, npuYyuny Kepye8anHs, MoOiibHi npucmpoi.

cu KuqbopeHKoI, I-p OMoJ. HayK, cTapll. Hayd. COTp.,

BeJI. HAyY. COTp. OTJ. IPUMEHEHHUS MaTeMaTHIECKUX

U TEXHHYECKUX METOJIOB B OMOJIOTHH U MEITUIINHE

email: skifor@ukr.net

TM. I onmapbl, KaHJl. OMOJI. HayK, CTapIll.HAy4. COTP.

OT/. MPUMEHEHHSI MATEMATHIECKIX U TEXHUYECKUX

METOJOB B OMOJIOTHU U MEAUIIMHE

email: gtm_kiev@ukr.net

B.JL Opﬂemcoz, KaHJ. MeJl. HayK, CTapll. Hay4. COTp.,

3aB. HAyYHO-KOHCYJITaTHBHOTO OT/eNIa

aMOyJIaTOPHO-TIPOPHUIAKTHIESCKOI TOMOIIN

MaIMeHTaM ¢ YHJIOKPUHHOM MaToioruei

email: orleva@ukr.net

K.IO. Hsacvkusa’, ka1 Me]I. HayK, CTapIl.Hay4. coTp.,

HAYYHO-KOHCYJIbTaTUBHBIN OTA. aMOyJIaTOpHO-IPO(UIaKTHIECKOM

MTOMOIIY MAIIMEHTaM € HIOKPUHHON MaTOJOrHen

email: k_iva@ukr.net

T.A. Obeneys’, Mam. Hayd. coTp.,

OTA. IPUMEHEHHS MaTeMaTHYECKUX U TEXHUUECKUX METOJIOB

B OMOJIOTUH ¥ MEJTULITHE

email: gtm_kiev(@ukr.net

' MesxayHapoaHblil Hay9HO-y4eGHbIH EHTDP HHOPMAITHOHHEIX

texHojnoruit u cucteM HAH Yxpannst 1 MOH Ykpannsr,

np. Akaa. ['mymkosa, 40, r. Kues, 03187, Ykpauna
[HCTHTYT SHIOKPHHOJIOTUH U OOMEHa BEIIECTB

uM. B.I1. Komuccapenko HAMH VYkpaunsi,

yi. Beimropoackas, 69. r. Kues, 04114 Ykpaunna

NHOOPMAIMOHHA S TEXHOJIOTI' WA ITIOAAEP)KKH CAMOKOHTPOJIA
P11 ©OPMHNPOBAHNH PAITMOHAJIBHOI'O OBPA3A XXK13HU
JJIA BOJIbHBIX TMABETOM

[penyioxeH alropuT™ OIpPE/IENICHHsT COCTOSHUSI CHCTEMBI PETYJISIIU TJIMKEMHH, B OCHOBY KOTOPO-
IO TOJIOKEH aHAIIM3 Pe3yJIBTATOB INIFOKO30TOJIEPAHTHOT'O TECTa. Pe3ynbTaTtoM sIBISIETCS paclMpeH-
Hasl KIacCU(UKAIMOHHAS MIKAJIA PETyJISIMH TIMKEMHA — HOpPMa, 30HA PUCKA, HAPYIIICHHAs TOJIe-
PaHTHOCTH (JIaTeHTHast opMa), IMaOET — YTO MOBBIIIAET Pa3PEIIAOIIYI0 CIOCOOHOCTh CTaHAAPT-
HOHM METO/IMKH ¥ TO3BOJISIET CBOEBPEMEHHO MPOBOIUTH MEPOTIPHSATHS 110 MPHMEHEHHIO TIPOoduIaK-
TUUECKUX JCHCTBUI IS PEAOTBPAILCHHS MPOSIBICHNS PEabHBIX HAPYIICHUH B CHCTEME peryJisi-
UK TIIMKEMUAK. AJIFOPUTM MPOrPaMMHO PEai30BaH B TPEX BapHUaHTax: JUISl KOMITbIOTEPOB, ILIaH-
IETOB U 11 MOOWIBHBIX ycTpoiicT nox OC AHnpou.

Paspaborannas WHGOPMAIIMOHHASI TEXHOJOTHS TMOIICPKKH MPUHSITHS PEIICHUI B BBI-
0ope aJeKBaTHOIO PEeKMMa AKTUBHOCTH U MHUTaHHUS OOJBHBIX JHA0ETOM JTaeT BO3MOXHOCTh
OTIpEIeUTh AUCOATAHC MEXKIY dHEPTHeH, MOCTYNaoNIeH B OpraHi3M BMECTE C BHIOpAHHBIM
MOJIb30BAaTENIeM MEHIO (HaOOpOM MPOIYKTOB M OJIFOJ) U 3HEPrHel, KOTopas pacXoayercs Ha
pa3nYHbIC BU/IbI 3aIUTAHUPOBAHHOM JCATENILHOCTH ((PU3UUECKON, MHTEIUICKTYaIbHOM U T.11.).

Knrouesvie cnosa: MHd)OpMaLﬂ/tOHHa}l MmexHo02uAl, caxaprn? 0ua6em, CAMOKOHMPOJIb CO-
CMOAHRUA 300p06bﬂ, npuyunsl ynpaeierHus, MobUIbHbBLE NPUIOIHCEHUA.
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