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Abstract. Chronic non-communicable diseases account for more than 70% of global mortality statistics. The
main share is made up of diseases of the cardiovascular system. Adequate preventive measures—impact on
controllable and conditionally controllable risk factors—can reduce the contribution of these diseases to the
structure of mortality. A significant effect can be achieved with an adequately selected level of physical activity,
but doctors do not always recommend specific actions to patients. This article describes a prototype of a cognitive
assistant for constructing personalized plans for therapeutic physical exercises for relatively healthy people
and people suffering from cardiovascular diseases. The developed system consists of two main components:
a cardiovascular risk assessment module and an exercise planning module. The risk assessment module consists
of a knowledge base and an argumentative reasoning algorithm. Its task is to identify risk factors and levels,
which is dual in nature: in the case of monitoring a relatively healthy user, the risk of developing cardiovascular
disease is assessed, while in the case of interaction of the system with a user with cardiovascular disease, the risk
of complications of a chronic form is assessed—development of a cardiovascular event. The exercise planning
module includes an exercise database and a scheduler algorithm. The planning algorithm selects optimal
therapeutic physical exercises according to optimal criteria, in order to form a plan that will not harm the patient
and will increase his physical performance. The developed mechanism allows you to create training scenarios
for users with any level of initial training, taking into account the available sports equipment, the preferred
location for training (home, street, gym) and at any level of the cardiovascular continuum.
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1. Introduction

According to the World Health Organization (WHO), there were 55.4 million deaths worldwide in
2019. The WHO Fact Sheet notes that cardiovascular diseases have been the leading cause of death
worldwide for more than 20 years. The most common cause of death is coronary heart disease,
accounting for 16% of total deaths worldwide. The greatest increase in mortality since 2000 was due
to this disease: by 2019, mortality from it increased by more than 2 million cases and reached 8.9
million cases. Cerebral stroke is the second leading cause of death, accounting for approximately
11% of total deaths [1].

Together, coronary heart disease, stroke, diabetes, lung cancer, and chronic obstructive pulmonary
disease accounted for nearly 100 million additional healthy life years lost in 2019 compared to 2000 [2].

In the Russian Federation, chronic non-communicable diseases (CNCDs) are found in a large
number of the adult working population and are the leading causes of mortality. For example, arterial
hypertension is found in 45.7% of the adult population of the Russian Federation [3]. As a result of
mortality from CVDs in Russia in 2016, economic losses amounted to 2.7 trillion rubles (3.2% of gross
domestic product) [4]. More than 90% of these losses are due to the mortality of people of working
age.

The Russian Federation is implementing a comprehensive strategy for the prevention of non-
communicable diseases, in which two directions can be distinguished—identifying people at high risk
of chronic diseases or with an unidentified diagnosis [5]. Preventative measures include influencing
lifestyle factors and other preventive measures in an identified group of people with increased risk
factors [6]. Early identification of risk factors and prevention of the development of chronic non-
diseases with personalization for a specific patient and his involvement in the process (4P medicine),
according to some estimates, can increase the quality of life by 9.8%, reduce the number of years
of life potentially lost due to disability by 27.3% [7]. The main goal of timely identification of risk
factors and early prevention is to orient the patient towards a healthy lifestyle, and this is the main
difference between preventive medicine and the traditional approach of palliative medicine [8].

Risk factors for the development of CNCDs (as well as other diseases) are usually divided into
2 groups: uncontrollable and controllable (unchangeable and modifiable or non-modifiable and
modifiable) [9]. Uncontrollable factors include those factors that the patient and the doctor cannot
influence—heredity, family history, trauma, past illnesses, etc. Controllable (changeable/modifiable)
factors are those the degree of influence of which can be reduced, and ideally eliminated, due to
medical and non-medical influence [9]. Among the controllable ones, we can distinguish a group
of conditionally controllable risk factors, which include chronic diseases, which, with proper drug
control, remain in the compensation phase (remission) and do not have a direct or indirect negative
impact on the human body. Thus, the main task is the timely identification of controllable and
conditionally controllable risk factors in the patient and adequate influence on them.

The modern approach to preventing exposure to risk factors is not only about changing behavioral
habits and lifestyles and medicinal control of conditions. WHO currently gives a major role to the
adequate prescription of physical exercise as a component of an integrated approach to the prevention
and treatment of cardiovascular diseases [10]. In addition, it was noted that 5 million deaths per year
can be prevented by increasing the level of physical activity of the population, thus reducing the risk
of mortality from chronic NCDs by 20%-30%. However, in modern prevention, recommendations
for optimizing physical/motor activity are too superficial. Although, when recommending certain
types of physical activity to patients, even such as regular physical activity (walking), it is possible
to reduce systolic blood pressure in people suffering from arterial hypertension to the target level
of 140 mm Hg. Art. and below [11]. Doctors need to explain in detail to patients which exercises
they can use and which they cannot. It is also advisable to help patients create individual training
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plans. A number of multicenter large studies have demonstrated that regular dosed aerobic dynamic
exercise lasting 150-300 minutes can significantly reduce the development of cardiovascular diseases
in healthy individuals and reduce the risk of developing cardiovascular events in individuals who
already have a number of cardiac nosologies [12]. Dosed anaerobic with static loads did not have
a significant effect on these points, but they improved the quality of life and overall tolerance to
physical activity.

In this regard, the purpose of this study is to develop an approach to developing personalized
recommendations to the patient for certain physical exercises that he should perform independently.
To achieve this goal, the patient is provided with an assistant who creates a personalized physical
activity plan, approved by the doctor, with tips for implementation and gradually increasing intensity.

2. Materials and methods

The assessment of risk factors is based on a combined approach based on domestic and foreign clinical
models and recommendations [4, 13, 14]. The assessment of risk levels is based on the cardiovascular
continuum model [13], from which patients were divided into two main groups: patients without
cardiovascular diseases and patients already having one or more cardiovascular diseases. Thus, for
patients, the identification of risk factors and levels is of a different nature: in the first case, we
are talking about assessing the risk of developing cardiovascular disease, while in the second case,
the risk of complications of chronic non-diseases is assessed—the development of a cardiovascular
event [15].

A formalized representation of knowledge about assessing the risks of developing a cardiovascular
disease or a cardiovascular event in a person is carried out on the basis of a knowledge base
implemented in the form of a heterogeneous semantic network (HSN) [16].

The construction of a set of hypotheses and the final solution is carried out on the basis of
an argumentative algorithm proposed by G. S. Osipov [17]. Based on the information about the
patient available in the system, a primary set of nodes is activated, then the algorithm sequentially
performs the operations of expanding and narrowing the set of arguments, activating and eliminating
hypotheses until the sets of hypotheses and arguments are stabilized. Stabilized sets are the result of
the algorithm—risk levels (hypotheses) are explained by risk factors (arguments).

3. Results

A prototype of an assistant for the stabilization and improvement of people with disabilities
c.Live using therapeutic physical education methods has been developed. The created intelligent
recommendation system is focused on preventing the development of CNCDs in healthy patients
and preventing the deterioration of development in people suffering from CNCDs, with the help of
recommendations for lifestyle correction and a personalized plan for physical therapy exercises [18].
The developed prototype, in the first version, is focused on personifying risk assessment and
issuing recommendations for the prevention of coronary heart disease using exercise therapy
methods [19]. For this purpose, expert knowledge was collected not only from cardiologists, but
also from rehabilitation doctors [20]. It is possible to assess risk factors based on the characteristics
(parameters) of a person. In implementing the system, two main sources of obtaining information
about the patient were identified: questionnaires in the application and electronic medical records
(EMR). These sources are complementary, but a situation is envisaged when there is no access to the
patient’'s EMR.



286 Computer science DCME&ACS. 2024, 32 (3), 283-293

Knowledge about the names of risk factors, risk levels, physical exercise and general preventive
recommendations was obtained from international and domestic literature, including clinical
guidelines and individual scientific publications. The knowledge was adapted to the characteristics
of the Russian population, for which expert work was carried out by cardiologists together with
rehabilitation doctors. Thus, a structured representation of knowledge was formed.

Before determining and prescribing treatment or prevention tactics for CNCDs, the doctor needs
to comprehensively assess the patient’s health status in order to prescribe adequate (in a particular
case) recommendations. To do this, the first stage of the assistant’s work is to assess the risk levels of
CNCDs.

After the risk levels are assessed, the physical exercises acceptable for the patient to perform are
selected. For this purpose, a database was created in which attributes were added to all types of
physical activity: indications and contraindications for use. The risk levels calculated by the system
are indications and contraindications depending on their nature. If the patient does not have a disease
of the cardiovascular system, and the maximum calculated risk level is not higher than high, then
this situation is considered a partial limiter—the variety of possible exercises is not reduced, but the
duration of training and the number of approaches for one exercise are reduced. For situations of
patients with cardiovascular diseases with a calculated level of risk of a cardiovascular event that is
very high or extreme, then in such situations all strength exercises are excluded and restrictions are
placed on high-intensity exercises that such exercises should be performed by the patient no more
than twice per week at approximately equal intervals.

To personalize the exercises, the following parameters were included in the exercise database:

- Exercise ID. The parameter is necessary for linking with video files demonstrating the correct
execution of exercises;

- Brief description of the exercise;

- The number of MET units (universal endurance units) expended during the exercise. This
parameter allows you to create a training plan that is optimal for the user;

- Locations where the exercise can be performed. The parameter allows the user to choose one
of three locations where he will perform exercises: at home, on the street, in the gym. Each of
the locations includes a list of exercise machines and other aids available for use, for example,
a fitness expander, which expands the selection of available exercises;

- Alist of diseases that this exercise has a positive effect on. This parameter plays an important
role in planning exercises that help the user improve their condition. Moreover, for each disease
from the list, a numerical representation of the strength of influence is stored, where 1 means
weak influence and 5 means strong. This view is used to plan exercises that will bring maximum
benefit to the user;

- List of diseases that this exercise negatively affects. This parameter is necessary when planning
exercises that will not bring negative consequences to the user. For each disease from this list,
a numerical representation of the strength of influence is also stored, where 1 means weak
influence and 5 means strong. This representation is used when planning exercises to minimize
the possible negative impact of the exercise on the user.

The developed algorithm is presented in Figure 1.

To create a personalized training plan, a planner algorithm has been developed, which is based on
the following statements:

- In sports and general physical training, a training plan is drawn up for three months.

- When drawing up a plan, the user’s current illnesses are taken into account. Based on knowledge
about the user’s diseases, the set of exercises acceptable for the user is narrowed.
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Figure 1. Scheme of synthesis of a personalized exercise plan

- When drawing up a plan, the current health status of the user is taken into account. Before
drawing up a plan, potential risks are assessed based on existing health data.

- Asthe user’s training level increases, the load on the user’s muscles increases.

- Asthe user becomes more trained, the intensity of the exercises increases.

- The user can choose a location for training: home/street/gym.

Generating a personalized training plan consists of the following steps:

1. The user takes a survey.

2. The survey results are sent to the risk assessment module. The results of the module’s operation
are added to the database, which stores information about the user’s health status.

3. Inthe user interface, the “Create a training plan” button becomes available for clicking. When
you click on the button, the scheduler algorithm is launched, to which all available information
about the user is transmitted as input.

3.1. The scheduling algorithm receives user data.

3.2. The planner algorithm receives a set of exercises, each exercise is described by attributes
(number of METs per 1 repetition, indications, contraindications, muscle groups involved,
location).

3.3. The planner algorithm excludes from the set of exercises those that have a negative impact
on the user’s concomitant diseases and those that have a negative impact on diseases
whose risk level for the user is quite high.

3.4. The scheduler algorithm divides the remaining exercises into three sets, each set
corresponding to one of the possible locations: home, street, gym.

3.5. For each concomitant disease of the user, the planner algorithm ranks sets of exercises
in descending order of positive effect on this concomitant disease.
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3.6. For each muscle group (a set of muscles involved during a workout; a total of 4 muscle
groups are considered based on the statement of 4 workouts per week), the planner
algorithm filters the resulting sets by the attribute “muscle groups involved” and from the
remaining exercises based on the principle of maximum benefit for the user compiles
sets of exercises for each location. The limit is the amount of METs allowed per workout.

3.7. The planner algorithm repeats the previous steps for each week, taking into account that
over time the allowable amount of METs per workout increases.

3.8. The result of the scheduler algorithm is stored in the user database.

4. The interface prompts the user to select the location where he plans to conduct the next training
session. Data is loaded from the database and displayed to the user.

The scheduling algorithm itself works as follows:
Let given:
E = {ey, ... .e,}—set of all exercises,
D ={d, ..., d,,}—the set of all diseases that are taken into account when drawing up a training plan,
L ={l,..., I, }—the set of all locations in which the user can perform exercises.
M = {my, ..., m,}—set of muscle groups.
Each exercise e from the set E is characterized by:
l,—location where exercise should be performed [, € L,
m,—the amount of MET, given by some natural number,
t,—time that will be spent on performing the exercise,
M,—muscle groups that are affected by the exercise,
P—a list of diseases in which this exercise has a positive effect on health,
N,—a list of diseases in which this exercise has a negative effect on health,
fpe i B — {1,2,3,4, 5}—a function that evaluates the positive effect of performing an exercise on
human health for a disease selected from B, the higher the value, the more positive the effect,
fn. : N, —» {1,2,3,4,5}—a function that evaluates the negative effect of performing an exercise on
human health for a disease selected from N,; the higher the value, the more dangerous the exercise
is for health.
Each user is described by the parameter:
UD—diseases that the user has or the likelihood of having them is high.

The goal of the algorithm is to create sets of exercises for 12 weeks, with four workouts planned
each week. The duration of training in the first four weeks is t; minutes, in the next four weeks ¢, and
in the final four weeks t; minutes.

Step 1. We remove all exercises from the list that can cause harm to the user, i.e. exercises that can
have a negative effect on his health; we use AE to denote the set of exercises available to the user.

AE={e€E:N,nUD = g}.

Step 2. Organize the many exercises available to the user by location. Let us denote such sets by AE,
where [ indicates the location.
AE ={e€AE : I, =1}

Step 3. Let’s create sets of exercises for each workout in each location for each muscle group, sets of
exercises will be stored in Wyonen,week, muscle_group-

A library of video materials has been created for users, in which an experienced trainer clearly
shows how to perform certain exercises. A total of 118 explanatory videos were recorded on the
correct execution of exercises in three locations: 41 videos for practicing at home, 36 for practicing
outdoors, 41 for practicing in the gym.
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Algorithm 1: Create a set of exercises for training

1 months = {1,2,3}
weeks = {1,2,3,4}
forle L

do

2

3

3

NS

10
11
12
13
14
15
16
17
18
19
20

for muscle_group € M

do

exercise_list = create_exercise_list(l, m, UD, user_met_limit)

n=0

for month € months

do

for week € weeks

do

total_time :=0

while total_time < t,,ons1

do
wmonth,week,muscle_group-add(exerCise—liSt[n])
total_time := total_time + toxercise_list[n]
n=n+1
if n >= len(exercise_list) then

t n=0

Algorithm 2: Create exercise list

10
11

12

13

14

Function create_exercise_l1ist (location, muscle_group, user_diseases, user_met_limit):

n:=0

answer_list := ]
current_size := —1
exercises_after_filtration =

filter_exercise_list(location, muscle_group, user_diseases, user_met_lmit)
while current_size! = len(answer_list)

do

current_size := len(answer_list)
for e € exercises_after_filtration
do

if max fpe(a) > nthen
acuser_diseases

answer_list.add(e)
n:=n+1

return answer_list
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Algorithm 3: Filter exercise list

1 Function filter_exercise_1ist (location, muscle_group,user_diseases, user_met_lmit):

2 answer_list := ]

3 for e € AE)

4 do

5 if muscle_group € M, & user_met_limit <= m, then

6 L answer_list.add(e)

7 sort(answer_list) #Sorting exercise in descending order of total utility
8 | return answer_list

4. Conclusions

A feature of the developed architecture of the c.Live cognitive assistant is its easy scalability and
extensibility. A formalized representation of knowledge in the form of a heterogeneous semantic
network allows you to both reuse existing feature nodes and logical operation nodes, and create new
nodes of various types. The argumentative reasoning algorithm is capable of working with a large
number of hypotheses and their arguments, while the computation time will increase slightly.

Expanding the list of exercises available to users will allow for more fine-tuning of individual
training plans. To expand functionality, close cooperation with practicing doctors of various
specialties, including rehabilitation doctors, is necessary.

Due to the fact that a relational structure was chosen to store the knowledge base in a form suitable
for machine processing, the current version of the knowledge base can be quite easily expanded
by adding new diseases with their risk factors and recommendations. This makes it possible to add
treatment scenarios for new diseases based on unified system mechanisms.

As a consistent development of this development, it is advisable at the following stages to pay
attention to other diseases: the cardiovascular system (risks of developing arrhythmias, arterial
hypertension, heart failure, etc.), the endocrine system (diabetes mellitus, primarily type 2), the
digestive system (gastritis, stomach ulcer), pulmonary system (chronic bronchitis, chronic obstructive
pulmonary disease, bronchial asthma), etc. Expanding the list of diseases in the application will
allow us to cover as many segments of the population as possible from various professions and social
status.
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ACCUCTEHT aa6unu3aquu U BOCCTaHOBJ/IeHUA mop,eﬁ
C OrpaHN4€HHbIMU BO3MOXHOCTAMU Ha OCHOBE MeTOo4,0B
NCKYCCTBEHHOIo UHTeJ/1J1eKTa

I. A. Kucenés®?, H. A. BnarocknoHos?, A. A. Hukonaes?

L Poccunitcknii yHuBepcuTeT apyx6bl Hapoaos, yn. Muknyxo-Maknas, a. 6, Mocksa, 117198, Poccuiickas
depepaymsa

2 depepanbHbIi NCCNeaoBaTeNnbCKMiA LeHTp «MHdopMaTuKa 1 ynpaBneHme» POCCUIICKON akafeMumn Hayk,
yn. BaBnnoga, a. 44, kopn. 2, MockBa, 119333, Poccuiickas degepauus

AHHoTaums. XpoHUYecKre HemH(pEKIMOHHbIe 3a00/1€BaHs COCTABIAIOT Oosiee 70% B CTAaTUCTUKE 00IeMU-
poBoii cMepTHOCTH. OCHOBHYIO [I0JTIO COCTABIISIOT 3a60IeBaHUSI CePAEIHO-COCYAUCTOM cucTeMbl. CHUSUTD
BKJIa/l JaHHBIX 3200/IeBaHUI B CTPYKTYPY CMEPTHOCTH MOTYT aZleKBaTHbIe Mephl IPO(DMIAKTUKYN — BO3Jeli-
CTBHe Ha yIIpaBJsgeMble U YCIOBHO yIpaBisieMble (GaKTOPHI PUCKA. 3HAUUTETBHOTO 3¢ heKTa MOXKHO JOOUTHCS
C IIOMOLIBIO a/]eKBATHO [000PaHHOr0 yPOBHs (pU3UIEeCKOI aKTUBHOCTH, OLHAKO BpadX He BCerZa PeKOMeHAy-
IOT MalllieHTaM KOHKpeTHbIe leiicTBUA. B HacTosIlell cTaThe ONMCaH MIPOTOTUI KOTHUTHBHOTO ACCUCTEHTA
IIOCTPOEHMU TePCOHU(UITMPOBAHHBIX IIJIAHOB JIeUeOHBIX (PU3NIECKUX YIIPAKHEHUH JJISI YCIOBHO 30POBBIX
JI0Zie U UL, CTPaAaIoIINX CepAeIHO-COCYAUCThIMU 3a601eBaHUsAMU. Pa3paboTaHHast CCTeMa COCTOUT U3
[BYX OCHOBHBIX KOMIIOHEHTOB: MOZYJ/Ib OLIEHKYU PHCKOB CEePAEUHO-COCYANUCTBIX 3a60IeBaHNIT 1 MOJY/Ib IIJIAHU-
POBaHUS yIpaOKHEHNUH. MOIYIb OLIEHKH PUCKOB COCTOUT U3 6a3bl 3HAHUH U aJITOPUTMA apryMeHTaIlMOHHBIX
paccyxzaenuii. Ero 3ajada — BbIsiBIeHHe (AaKTOPOB U YPOBHEM PHCKA, KOTOPOE HOCUT JABOMCTBEHHBIN Xa-
pakTep: B ciydae MOHMTOPHMHTIA YCJIOBHO 3/J0POBOTO I10Jb30BaTe/d IIPOUCXOJUT OLleHKa PHCKA PasBUTUS
CepAevHO-COCYAUCTOrO 3a60IeBaHN, B TO BpeMs KaK B CJIydae B3aUMOJEHUCTBUS CUCTEMEI C II0JIb30BaTEIEM
C Cep/IedHO-COCYAUCTHIM 3a00IeBaHIEM, OLIEHUBAETCS PUCK OCTIOXHEHUST XPOHUIEeCKOH (GOPMBI — pasBUTHe
CepAeTHO-COCYAUCTOTO COOBITHA. MOy b IIJTaHMPOBAHU YIIPAXKHEHHUH BKIIOYaeT 6a3y JaHHBIX yIIpaXKHe-
HUU 1 QITOPUTM-IIAHUPOBINUK. AJITOPUTM IUIAHUPOBAHUS OCYIECTBIISIET I0A400P ONTUMAbHBIX JedeGHbIX
pu3UYeCcKUX yIpaXKHEeHU II0 ONITUMAaJIbHBIM KPUTEPUSIM, C I1e1bi0 GOPMHUPOBAHUS TAKOTO IIJIaHA, KOTOPBIH
He HaBPeJUT MALKeHTy U YBEJIUYUT ero GU3UIeCKUe TIoKa3aTe . Pa3paboTaHHBIM MeXaHU3M II03BOJISEeT
COCTaBJIATH CLeHAPUY TPEHUPOBOK /JIsI TI0JIb30BATE e C JI00BIM YPOBHEM HCXOLHOM ITOATOTOBKH, C y4é-
TOM KMeIOIIerocs CIIOPTUBHOT'O UHBEHTAPS, IPeJIIOYUTaeMOH JOKAIIY [JIS BHIIIOJIHEHNS TPEHUPOBOK (IOM,
V1A, 3aJ) 1 Ha J1I000M YPOBHE CEpJedHO-COCYAUCTOTO KOHTHHYyMa.

KnioyeBble c10Ba: KOTHUTHUBHBIN ACCUCTEHT, IPO(UIAKTHKA, IUIAHUPOBAHYIE, aHAINU3 PUCKOB, CEMUOTHIECKAs
ceTb, 6a3a 3HAHUM



