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'.) Check for updates

Previously pathological ageing is known to be mainly associated with the development of cardiovascular disease, which is caused by a combination of socioeconomic,
metabolic, behavioural, and environmental risk factors. These include sex differences, age, high blood pressure, obesity, low physical activity, smoking, heavy alcohol
consumption, high cholesterol and glucose levels, and diabetes mellitus. All processes occurring in the human body are reflected in biochemical and immunological
analyses, which may be markers of early cardiovascular aging. The authors investigated correlations between social factors such as education, work, gender, family life,
disability, physical activity, smoking and alcohol, and clinical findings such as coronary heart disease (CHD), postinfarct cardiosclerosis (PICS), chronic heart failure (CHF),
diabetes mellitus (DM), body mass index (BMI), glucose levels, total cholesterol (TC) and blood pressure (BP) in older individuals. The authors implemented the basic
model using R programming language, RStudio version 2023.09.0+463 on a device running MacBook Air M1, 8 GB RAM to identify the association between clinical data
and social life. Also, two mathematical models (1)-(3) were proposed to calculate the correlation in combination with traditional machine learning classifiers between
clinical data (biomarkers) and the social life of a patient in the age group of 60-74 years, 75-89 years and 90 and above.

Introduction total population. The situation is paradoxical: life expectancy
is low, while the share of elderly people, single people, and

The age structure of the population has changed radically widows is growing. Such demographic changes become a
over the years; the demographic situation of recent decades serious economic factor due to the decreasing share of the

has been characterised by an increase in the number of elderly
and old people. According to the UN data, at present the elderly
(over 65 years old) and seniors account for about 15% of the

working-age population and increasing healthcare costs, a
significant part of which falls on the elderly [1-3].
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Increasing human life expectancy, reducing morbidity,
and preventing premature ageing are the most important
tasks of modern preventive medicine. Age-related changes
affect the cardiovascular system before other systems. It is
the cardiovascular system that first of all determines the
perspective: of longevity or early aging [1,2,4]. For decades,
cardiovascular disease (CVD) has been the leading cause of
mortality worldwide. In 2021, 20.5 million people will die
from cardiovascular disease, representing about one-third of
all deaths worldwide and a significant increase from the 12.1
million deaths from cardiovascular disease recorded in 1990.
Coronary heart disease is now the leading cause of premature
death in 146 countries among men and in 98 countries among
women [5-7].

According to the World Health Organisation (WHO), there is
a forecast of further growth of CVDs, as well as mortality from
these diseases in both developed and developing countries
due to changes in demographics (population ageing), growth
of non-communicable diseases (NCDs) and lifestyle [8]. In
Kazakhstan, as in the rest of the world, there is a tendency
to increase morbidity from the pathology of the cardiovascular
system, which can be explained, on the one hand, by improving
the quality of screening examinations and better detection,
and, on the other hand, by reducing the availability and quality
of medical care [9].

Cardiovascular diseases affect the heart or blood vessels and
can be caused by a combination of socioeconomic, metabolic,
behavioural, and environmental risk factors. These include sex
differences, age, high blood pressure, obesity, low physical
activity, smoking, harmful use of alcohol, high cholesterol
and glucose levels, and diabetes mellitus. An analysis of the
literature data showed that the prevalence of risk factors in
limited populations is mainly studied [10-12].

There is some scientific evidence that among men and
women, the correlation between the risk of CVD development
is levelled with age [14]. Recent evidence suggests a reduction
in morbidity and mortality from coronary heart disease (CHD)
in men, but not in women. Sex and age are accounted for in
the vast majority of cardiovascular health studies as one of
the most important unmodified risk factors. Sex and age are
included in most CVD prediction models [13,14]. Thus, the
study of risk factors for CVD development in older people is a
relevant area of preventive medicine.

In 2021, according to the Global Burden of Disease Study,
high blood pressure was the leading modifiable risk factor
for mortality worldwide and was responsible for 10.8 million
deaths from cardiovascular disease worldwide [5,13]. According
to WHO, obesity is a new non-communicable “epidemic” of
the 21st century. The high prevalence of this disease is due to
urbanisation, decreased physical activity, and the availability
of calorie-dense food [13,14). Numerous scientific studies
conducted show a close relationship between overweight,
obesity, and the development of CVD [15]. One of the causes of
obesity is lack of physical activity, which is one of the main FRs
of CVD. Multiple studies have proven the relationship between
hypodynamia and the development of CVD, in addition, low

physical activity increases the risk of type 2 diabetes mellitus,
obesity, cancer, and osteoporosis. These diseases are also called
age-related diseases [12,13]. According to scientific estimates,
smoking is responsible for 10% of cardiovascular diseases and
is the second leading cause of CVDs after high blood pressure.
Exposure to tobacco smoke does not only affect smokers. Nearly
6 million people die each year from tobacco use or exposure to
secondhand smoke, accounting for 6% of deaths among women
and 12% of deaths among men worldwide. Tobacco-related
deaths are projected to increase to more than 8 million deaths
per year by 2030 [16-19]. In 2019, more than 2.4 million people
died due to alcohol, accounting for 4.3% of all deaths globally
and 12.6% of deaths among men aged 15 to 49 years. Scientific
studies have shown that even small amounts of alcohol can
increase the risk of cardiovascular disease, including coronary
heart disease, stroke, heart failure, hypertensive heart disease,
cardiomyopathy, atrial fibrillation, and aneurysm [20].

In order to reduce mortality from CVDs, it is necessary to
develop, first of all, the preventive direction. Prevention is
based on the ability of health care to identify and, if possible,
correct risk factors for CVD development [5,10,11]. Accordingly,
the impact of CVDs on the level of health of the world’s
population makes the scientific community search for and
find new ways to solve this problem. One of the ways to solve
this problem is the development of information technology in
medicine, which is applied at all stages of medical care from
basic research to care, and includes many specialisations
such as bioinformatics, medical informatics, and biomedical
informatics [21]. According to the literature, the high efficiency
of clinical use of information technology and programming is
to reduce the number of complications and adverse outcomes,
social and economic benefits, and improve the quality of life.
The merits of introducing these technologies into clinical
practice have been the subject of debate over the past decades
[21,22].

In [23], the author reveals the active development of
information technologies, which play an important role in
modern processes of informatisation of various spheres of
society, including medicine. The introduction of the latest
IT developments in medical systems gives these processes
significant  social significance.  Artificial intelligence
technologies, such as machine learning, artificial neural
networks, and deep learning, have become especially in demand.
The paper is devoted to the study of trends and assessment of
prospects for the use of machine learning methods in medical
systems. The application of machine learning in medicine
is important because it improves the speed, quality, and
reliability of various tasks, facilitating the work of specialists
and providing them with software support. The work analyses
the main global trends in this area, key technologies, and
developers of systems based on machine models, and identifies
factors that limit this process. Moreover, according to the study
[24], artificial intelligence is increasingly being implemented
in medicine, and the number of companies developing AI
solutions for healthcare is growing every year. Al is already
capable of assisting physicians in diagnosis, but its application
is limited to point tasks due to the lack of verified data, poor
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protection of medical devices, and lack of legislative framework.
In the future, systems that can comprehensively analyse data
from different sources will be most effective. However, as
pointed out in [25], the use of accurate predictive models based
on machine learning algorithms opens new opportunities for
predicting non-communicable diseases, their complications,
and the probability of hospitalisation, which allows timely
prescription of preventive and treatment measures. The
literature review confirms the high accuracy of such models in
cardiology, neurology, genetics, and other fields, with Random
Forest, neural networks, and XGBoost algorithms proving to
be the most effective. The implementation of these algorithms
in medical information systems promises to improve the
prediction of medical events and is in line with global trends
in personalised medicine. The growth of research in this area
highlights the need to further explore and optimise machine
learning technologies for wider application.

Currently, machine learning and the use of the R language
are actively used in medicine to diagnose and predict diseases,
determine risk factors, create databases, and monitor the
condition of patients.

Objective

To identify markers of early cardiovascular disease and
aging using machine learning.

Materials and methods

Within the framework of the scientific and technical project,
a scientific study was conducted in Almaty. Patients were
recruited according to the inclusion and exclusion criteria with
the mandatory signing of the informed consent form of the
scientific and technical programme “Development of markers
and diagnostic algorithm for detection and prevention of early
cardiovascular aging”. The study is a fragment of the research
project of the Ministry of Science and Higher Education of the
Republic of Kazakhstan State Registration No. AP19677754.

The study included respondents of both sexes (n = 689)
aged 60 to 90 years and older who gave informed consent to
participate in the study. Subjects were divided into 3 age groups
according to WHO classification: 60-74 years - elderly (n =
395), 75- 89 years - senile (n = 284), 90 years and older -
age of long-livers (n = 10), observed in polyclinics and medical
centres of Almaty (clinical bases of KazNU named after Al-
Farabi: City Clinical Hospital N21, Central Clinical Hospital).
This study did not include patients with infectious diseases
(HIV, tuberculosis, acute course), inflammatory diseases
(acute), mental illnesses that limit adequate cooperation, or
allergic reactions.

The study includes several stages. In the first stage, the
following study was carried out:

- Questioning of medical history, to find out the presence
of risk factors for cardiovascular events and related
diseases, a questionnaire was used, including the
following data: age, sex, dietary pattern, smoking,
motor activity, family cardiovascular history, presence

of diabetes mellitus, taking medications, blood pressure
level in the history, also a study of medical records such
as hospital discharge, outpatient cards was carried out.

- Blood pressure was measured using a tonometer
according to the standard method of N.S. Korotkov
sitting down, after a 5-minute rest, on the right arm
three times with a calculation of the average of the
last two measurements. Degrees and stages of arterial
hypertension (AH) were assessed according to the
European ESH guidelines (2020, 2023).

- The degree of general obesity was determined according
to the body mass index (BMI kg/m2), BMI was estimated
according to WHO expert recommendations (WHO
European Regional Obesity Report, 2022): normal body
mass - 18.5-24.9; overweight I degree - 25.0-29.9; II
degree - 30.0-39.9; III degree - >40.

In the second stage, general clinical instrumental and
laboratory examination was carried out: general blood and
urine analysis, blood biochemical analysis, and ECG.

- All laboratory parameters were determined according
to generally accepted methods. Venous blood taken
after 12-14 hours of fasting in the morning on an
empty stomach was studied. Laboratory examination
included the study of the level of total cholesterol
(TLC), and fasting glucose. Hypercholesterolaemia was
assessed according to the Association of Cardiologists
Recommendations (Disorders of lipid metabolism.
Clinical Guidelines 2023). Fasting blood glucose >6.1
mmol/l was considered as hyperglycaemia. Glucose
tolerance disorder corresponded to the level of capillary
blood glucose after loading in the following range of 7.8
- 11.1 mmol/l (American Diabetes Association. Standards
of medical care in diabetes - 2021).

- Electrocardiography (ECG) - was used to detect
postinfarction cardiosclerosis (myocardial ischaemia,
scarring changes, hypertrophy of different parts of the
heart). A 12-channel electrocardiograph was used.

In this study, we analysed the prevalence of arterial
hypertension (AH), coronary heart disease (CHD), chronic
heart failure (CHF), diabetes mellitus (DM), and postinfarction
cardiosclerosis (PICS) in all age groups, as well as the value
of fasting cholesterol (FBC) and blood glucose levels. The
correlation between the indicators of social life and risk factors
for CVD development in patients in the age groups 60-74, 75-
89, and 90+ was determined.

Statistical analysis of the data was performed at the
Department of Epidemiology, Biostatistics, and Evidence-
based Medicine. Statistical analysis of the obtained data was
performed using the SPSS Statistics 22.0 package (IBM, USA).
Descriptive statistics: the results of the study are presented for
quantitative variables with distribution different from normal
in the form of mean deviation and for qualitative variables in
the form of fractions (per cent). Analytical statistics: non-
parametric statistical criteria were used for comparative
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analysis of data: Kruskal-Wallis rank criterion. Differences
were considered statistically significant at p < 0.05.

After examining the prevalence of risk factors in the
study groups, correlation analysis was performed using R
programming language. The analysis included an evaluation
of the relationships between different variables, which allowed
the identification of statistically significant correlations and to
assess the strength of the association between risk factors and
study outcomes. Programming in R language ensured accuracy
and efficiency in performing the analytical procedures and also
allowed visualisation of the results for a better understanding
of the relationships between the variables. As previously
stated, “RStudio” version 2023.09.0+463 was used to retrieve
the data and helped calculate correlations in combination with
traditional machine learning classifiers between clinical data
(biomarkers) and patient’s social life by age group 65-74, 75-
89, and 90+. Our approach involved finding the association
between biomarkers and for this purpose Pearson correlation
coefficient is widely used:

> (6 =X)(, 7)
\/Zm X —X \/z.l y'

The latter implemented the main model using R
programming language, RStudio version 2023.09.0+463 on
a device running MacBook Air M1, 8 GB RAM to detect the
relationship between clinical data and social life.

Results and discussion

The study found significant correlations between social
factors such as education, work, gender, family life, disability,
physical activity, smoking, and alcohol and clinical data such as
coronary heart disease, postinfarction cardiosclerosis, chronic
heart failure, diabetes mellitus, body mass index, glucose level,
total cholesterol, and blood pressure.

According to the analysis of the results of clinical
examination, the presence of CVD was revealed in an average
of 74% of those included in the study. A regular increase in the
prevalence of risk factors with increasing age was found: in
the elderly group - 71%, in the elderly group - 76%, and in the
long-livers - 80%.

The following parameters were assessed: age, sex, marital
status, education, type of employment of the respondents for
the last 12 months

In preliminary analysis, the socio-demographic status of
689 study participants was studied. Out of them, 291 (42.2%)
males and 398 (57.7%) females were examined (Table 1). The
study revealed 223 (76%) men and 261 (65%) women had CVD
and risk of cardiovascular events.

A high percentage were persons with secondary education,
mostly in the elderly group - 66 per cent. In the elderly group,
persons with higher education prevailed - 65% and in the
long-livers - 60%. According to the results of our study on

Table 1: Comparative characterisation of sex and age composition.

Age category
% total % total % total
number num| be

60-74 years 177 42.8+2,46 218 53.2+2,38 395 57.3+3,42
7589 111 3744281 173 4261245 284  40.4+1.85
90 years and 3 10:058 7 17064 10  1.4%0.44
older
Total 291 100,0 308 100,0 689 100,0

the probability of surviving to old age the level of education
has no statistically significant dependence (p = 0,03). Thus,
the evaluation of the obtained data on the level of education
in the groups as an indicator of general awareness showed
the absence of statistically significant differences, indirectly
indicating the development of a risk factor for cardiovascular
pathology.

According to the social status, it is noteworthy that in all
groups 98% of respondents indicated their financial status as
average, and only 4.2% of respondents are working, as most of
the respondents are in retirement age.

Thus, the analysis of the socio-demographic status of
the group with age features and risk of cardiovascular event
development showed the dependence of cardiovascular event
development on the age and sex of respondents, no differences
in dependence on other socio-demographic indicators were
found.

One of the main criteria for reducing the risk of
cardiovascular pathology is the management of modifiable risk
factors. The prevalence of cardiovascular risk factors such as
smoking, alcohol consumption, low physical activity, arterial
hypertension, and hypercholesterolemia was assessed in the
analysed sample in order to develop technologies to influence
them.

In the study, the highest prevalence compared to other
factors was low physical activity. Lack of physical activity as
a significant risk factor was reported by a total of 21.5% of
respondents. Among 75-89 and 90 years and more respondents
not having physical activity was higher (37.7%, 20%) than
among 60-74 years of study participants (18%).

Among the studied persons 60-74 and 75-89 years old,
20% smoke, and over 90 years old only 3 respondents smoke
out of 10 studied.

Alcohol consumption as one of the modifiable risk factors
was indicated by 10.7% of respondents. Among 60-74 year
olds, the prevalence of alcohol use was 10.6%, and among 75-
89 year olds, 7.8%. The studied long-livers responded that
they did not consume alcohol.

Thus, on average, in all groups, there was an insignificant
prevalence of risk factors such as smoking, alcohol
consumption, and hypodynamia.

The frequency of cardiovascular disease development
has a reliable dependence on physical activity. A significant
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difference was found between individuals with CVD with low - — = —

physical activity compared to those without CVD (p = 0.009). Il !MI - Detole &

When assessing the statistical significance of differences =) g . X

between two or more relative indicators by Pearson’s criterion | + i - o R
(chi-square), a correlation between education and physical ol s = o

activity was found. Thus, people with higher education show 8 . + o
greater physical activity compared to their peers without higher

education. Gender, smoking, and alcohol consumption have no e ] S ——P

significant association with physical activity. Smokers were
also found to have a significantly increased risk of CVD and
the development of complications of this pathology compared
to non-smokers (p < 0.001). There was a small significant
difference between the influence of alcohol consumption on the
development of cardiovascular diseases and their progression

(p = 0.010). o
10,00

12,00

Blood pressure elevation was detected in more than half of -
the examined subjects and the prevalence in each age group 8,00
had no significant difference: in the elderly group was 71%, in
the senile group-76%, and in the group of long-livers-70%. 6,00
Among those with cardiovascular disease, arterial hypertension I I
was observed more frequently (69.08%) compared to those 0
without event (10.33%). Men with cardiovascular events noted
the fact of previously recorded BP elevation in 10.5% of cases. 200
Women with acute cardiovascular events noted a history of up to 75 years 75-89 year 90 years and older

arterial hypertension in 100% of cases.
Figure 2: Total cholesterol.

The nonparametric Kruskal-Wallis test was used for
comparison between the groups (Figure 1).

The prevalence of hypercholesterolemia in the studied fo0

sample, as a risk factor having the value of atherosclerosis
substrate, in terms of anamnestic data, was 24.5% of cases. 2000 *
Elevation of the level of total cholesterol is the main factor

of atherosclerosis-associated diseases and also has age-

specific features in different populations. When studying lipid 20,00
metabolism in the studied groups, the mean values of OXC
level in the studied groups were within the acceptable norm
and were 4.7+1.8 mmol/l; 4.4+1.1 mmol/l; and 4.4+1.4 mmol/l,
respectively. Elevated OXC levels were found in 22% elderly,
and 15% senile (Figure 2).

*
10,00

I-I—m:u-;u

=

00
up to 75 years 75-89 year 90 years and older ‘

When studying the indicators of carbohydrate metabolism in
the studied groups, fasting glucose levels were 6.1+2.5mmol/l;
6.0+2.4mmol/l; and 6.6+4.4mmol/l, respectively. All groups
showed significant increases in fasting glucose, statistical
significance was p = 0.020. In the first group, hyperglycaemia 70,00
was detected in 27% of the respondents of which 55% of the *
respondents had DM, in the second group 27% had fasting 80,00
glucose elevation and 57% of them were diagnosed with DM,
and in the last group only 20% had elevated glucose levels,
only 1 respondent had DM (Figure 3).

50,00

40,00

*
i
Obesity is now considered an independent risk factor for 30,00
type 2 DM and CVD. In the whole age group, more than half are é
overweight and obese: in the elderly age group 66%, the senile 20,00
group 50%, and the long-lived 40% (Figure 4). 8

10,00

up to 75 years 75-89 year 90 years and older

IHD is assessed by taking into account anamnestic data,

medical records, and ECG data. CHD should be considered as a Fi ]
igure 4: BMI.
017
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disease that develops in response to one or more risk factors.
The highest incidence of CHD was found in the elderly age group
(60-74 years) and constitutes 70.7%. PICS was detected in
8.9% of the respondents in the older age group. This indicates
the importance of IBS and MI prevention. In all groups, a high
occurrence of CHD 3rd degree (NYHA) was found in all groups:
in the elderly group was 68%, old age group 64%, and long-
lived group 60%. In the present study, 24% of the subjects
were diagnosed with DM and the incidence was highest in the
older age group-25% (75-89 years).

Thus, modifiable factors like alcohol consumption,
hypodynamia, overweight, and abdominal obesity did not
give statistically significant differences in different age
groups. However, a statistically significant inter-group effect
was observed between the effect of older age and BMI on
the prevalence of AH (p = 0.009). Also found a statistically
significant difference of older age with BMI, and OHS on the
occurrence (p = 0.008, p = 0.004).

In the current study, non-modifiable risk factors such
as age and sex showed significance in the development of
cardiovascular pathology and CVD risk factors. Analysis of
socio-demographic, and laboratory parameters in the elderly
and senile group revealed the presence of abnormalities in
a number of screening parameters such as smoking, alcohol
consumption, BMI, blood pressure, fasting blood cholesterol,
and blood glucose levels.

The study found significant correlations between social
factors such as education, work, gender, family life, disability,
physical activity, smoking, and alcohol and clinical data such as
coronary heart disease, postinfarction cardiosclerosis, chronic
heart failure, diabetes mellitus, body mass index, glucose level,
total cholesterol, and blood pressure. Patient’s social data
such as gender, marital status, education, disability, work,
physical activity, smoking, and alcohol were arranged on the
x coordinate. Patient’s clinical data such as CHD, PICS, CVD,
DM, BMI, Glucose, 0XO, and AH were placed on y coordinate.
The following heat map for the age group 60-74 years Figure 5
shows the following:

The correlation coefficient value ranges from -0.1 to 0.2.
According to our data, a good correlation was found between
postinfarction cardiosclerosis (PICS) and smoking (r = 0.2).
(Figure 6).

Also, smoking is positively correlated with CHD (r = 0.15).
The same relationship can be observed between postinfarction
cardiosclerosis and alcohol, which emphasises the importance
of avoiding bad habits to maintain heart health. A positive
correlation was found between physical activity and OXC (r
= 0.1), emphasising the importance of regular exercise in
controlling total blood cholesterol. No association was found
between BMI and gender and diabetes mellitus and marital
status.

However, in our study, we can detect inverse relationships
such as total cholesterol and smoking (r = -0.1) and

Figure 5: Correlation for the 65-74 age group.
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Figure 6: Graph of the correlation between PICS and smoking.

postinfarction cardiosclerosis and gender (Figure 6). The
results reflect the analysis of data collected in a study conducted
among individuals in the age group of 65 to 74 years.

Further for the next age category 75-89 years old, the
results are as follows (Figure 7):

In this group, the correlation coefficient ranges from -0.1to
0.1. A good correlation is observed between blood pressure and
smoking, as well as with alcohol (r = 0.1). This may indicate that
higher alcohol consumption and smoking are associated with
higher blood pressure. That is, the more a person consumes
alcohol and smokes, the higher their blood pressure (Figure 8).

In our study, coronary heart disease and chronic heart
failure also show a positive association with alcohol (r = 0.1).
Our results support the assumption that there is a statistically
significant positive association between the level of chronic
heart failure and alcohol consumption, with higher alcohol
consumption being associated with an increased risk of
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developing or worsening CHF. It is also worth considering
that coronary heart disease has no association with a patient’s
education and diabetes mellitus (DM) does not correlate with
bad habits like smoking and alcohol (r = 0). It can be noted
that also in this group, the inverse relationship between
postinfarction cardiosclerosis and sex remained.

The results of the data analysis showed an interesting
correlation between blood glucose levels and education level.
The results suggest that the level of education has an influence
on blood glucose levels, which emphasises the importance of
considering socioeconomic factors when assessing the risk of
developing diabetes mellitus and other metabolic diseases. The
findings are based on data collected from study participants
belonging to the age group of 75 to 89 years.

Continuing the discussion on the impact of age on health,
we move on to the older age group (90+) and look at what
factors may play a key role in this category. We found that the
correlation coefficient can range from -0.4 to 0.4, indicating

the strength and direction of the relationship between variables
(Figure 9). The result is shown below:

Analysing the data obtained, our study revealed interesting
results regarding the association between total cholesterol
and gender (r = 0.4). A positive correlation was found between
total cholesterol levels and female gender, indicating that
women who tend to have higher cholesterol levels may
have an increased risk of cardiovascular disease. This result
highlights the importance of considering gender differences
when assessing cardiovascular risk factors and providing a
personalised approach to prevention and treatment.

It is important to note that in this age category, as well
as in the previous ones, the inverse correlation between
postinfarction cardiosclerosis and gender is still present (r =
-0.4). Also, the study found a significant positive correlation
between smoking and the risk of developing chronic heart
failure (r = 0.3). People who smoke are at high risk of developing
or worsening CHF compared to non-smokers. This emphasises
the serious cardiovascular health consequences of smoking
and the importance of controlling the tobacco epidemic to
prevent heart disease. We found that there was no statistically
significant association (r = 0) between education level and
the presence of chronic heart failure. This result may indicate
that education level is not a significant factor in assessing the
risk of developing CHF in our sample. We found no significant
association between total cholesterol level and marital status
in our sample (r = 0). This result shows that marital status
probably has no significant effect on cholesterol levels in
our study subjects. However, a moderate inverse association
was found between physical activity and diabetes mellitus,
level of chronic heart failure, and blood pressure (r = -0.3).
These results support the need to include physical activity
in recommendations for the prevention and treatment of
cardiovascular disease and the importance of a healthy lifestyle
for public health. The findings are based on analyses of data
collected among study participants over 90 years of age. The
selection of this unique age group provides further insight into
the factors that influence longevity and quality of life in older
age.
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Figure 9: Correlation for the 90+ age group.
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Discussion

Demographic trends in the world in recent decades
have clearly outlined the problem of elderly patients. The
age composition of the population is changing towards the
predominance of elderly and senile people. Currently, more
than 10% of the world’s population is made up of elderly
people. It is predicted that in the near future, this proportion
will increase to 30%. [1-4]. At present, almost 90% of those
seeking therapeutic help are elderly and old people. Most of
them are exposed to such common cardiovascular diseases as
arterial hypertension, atherosclerosis of the main arteries of
the head and neck, and ischaemic heart disease [26]. To date,
there is insufficient data from modern large-scale clinical
studies on the risk of cardiovascular events and the impact on
aging in the elderly [26,27].

Thus, our study using programming revealed a significant
correlation between smoking and CHD, and PICS in the elderly
group. Cigarette smoking increases the risk of CVDs and
complications and also affects ageing. Smoking increases the
risk of CVD in individuals of both sexes and in any age group [28-
30]. On the basis of numerous studies, the authors concluded
that among smokers in all age groups, the majority of cases of
CHD and PICS are due to smoking, which is consistent with the
results of other clinical studies currently available [18,19,28-
31]. In the elderly group, a good correlation was found between
blood pressure, smoking, and alcohol. Also, our study showed
the influence of alcohol consumption on the development of
IBS and CVD (r = 0.1). Many studies have proved that daily
alcohol consumption for a long time is associated with the
development of coronary heart disease, arterial hypertension,
ischaemic and haemorrhagic strokes, and atrial fibrillation
[20,32]. However, some studies such as “The association of
alcohol consumption with selected cardiovascular disease
outcomes: a systematic review and meta-analysis” have
shown that alcohol has a preventive effect on the development
of CVD [20,32,33]. Thus, the influence of alcohol consumption
on the development of CVDs requires further investigation.
When assessing individuals over 90 years of age, a significant
positive correlation between smoking and the risk of developing
chronic heart failure was observed, and the influence of low
physical activity on the course of diabetes mellitus, CVD, and
AH was also found.

Conclusion

Thus, we were able to calculate correlations in combination
with traditional machine learning classifiers between clinical
data (biomarkers) and patient’s social life by age group 65-
74 vyears, 75-89 years, and 90 and above. These findings
emphasise the importance of physical activity for all age groups
in the prevention of cardiovascular disease. Regular exercise
can be an effective way to maintain health and reduce the risk
of developing these diseases.

The results show that these age groups have their own
unique characteristics and needs and it is important to
develop individualised approaches to support and improve
their wellbeing. It can also be concluded that the selected

2 mathematical models (1)-(3) can be considered as an
experiment for future similar studies as they are in excellent
agreement with the results.

Further research in this area may help to identify effective
strategies to prolong an active and healthy life in both
adulthood and old age.
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