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ABSTRACT

The aim: Is to scientifically substantiate the concept of personalized medicine in the prevention of arterial hypertension (AH) among the adult population at the regional level.
Materials and methods: The study, after obtaining informed consent, involved 2000 patients, residents of Zaporizhzhia Region, including 1000 patients (average age 59+0.5
years, the ratio of men to women 1:1.22 people) with and 1000 patients (average age of whom is 62+0.7 years, the ratio of men to women is 1:1.1) without AH. The data of
the sociological survey were processed, the methods of mathematical modeling, statistical, system analysis were applied. 0dds ratio (OR) is determined by generally accepted
methods with the calculation of 95% of confidence interval (CI).

Results: The application of the concept of personalized medicine in the prevention of AH among the adult population has been scientifically substantiated by studying the
associations between medical and social risk factors and the development of AH and determining on their basis 3 modules —“risk behavior’, “adverse health factors” and “social
determinants of the development of AH’, based on stepwise multiple logistic regression analysis.

Condlusions: It has been proved that the use of the final prognostic model of the development of arterial hypertension with the inclusion of the most significant risk factors
has high operational characteristics: sensitivity — 78.6%, specificity — 96.6%, positive predicative value — 95.85%, negative predicative value — 81.86%, the area under the
ROC curve is 0.9623. The application of the concept of personalized medicine in the prevention of this disease among the adult population was substantiated by studying the

associations between medical and social risk factors and the development of arterial hypertension.
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INTRODUCTION

The profile of risk factors (RFs) among different segments
of the population may differ, which justifies the need to
develop a system for the prevention of arterial hyperten-
sion (AH) for each individual with the determination of
individual RFs. In this aspect it is interesting the theory of
ideal cardiovascular health [1-6], which shifts the priorities
for determining the RFs of the development of circulatory
system diseases (CSD) to health factors of the cardiovascu-
lar system (CVS), in particular, the concept “risky” behav-
ior that increases the likelihood of developing CVD and
stroke, or conditions that lead to their development, such
as hypertension, dyslipidemia and diabetes, are changed
to “healthy” behavior.

Currently, the definition of “ideal cardiovascular health”
is well known and is characterized by the simultaneous
presence of 4 criteria for “healthy” behavior: abstaining
from smoking during the last year, ideal body mass index
[<25 kg/m?], recommended physical activity, consumption
an appropriate set of products that prevent the development
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of CVD and 3 favorable health factors: total cholesterol
<200 mg / or (4.5 mmol/l), blood pressure <120/<80 mm
Hg, the absence of diabetes mellitus and clinical manifes-
tations of CSD, including coronary heart disease (CHD),
stroke, heart failure, etc. [7, 8, 9].

THE AIM

The aim of the work is to scientifically substantiate the
concept of personalized medicine in the prevention of
arterial hypertension among the adult population at the
regional level.

MATERIALS AND METHODS

Methods of mathematical modeling, statistical, system
analysis were used. In the course of the study, the need to
implement the concept of personalized medicine into the
system of primary and secondary prevention of arterial
hypertension was substantiated by studying and identifying
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Table I. Associations between risk factors and the development of hypertension among the adult population, n (%)

Individuals with

Individuals without

i 0
Risk factors AH n=1000 AH n=1000 OR (95% CI) P
Social status — employee 878 (87.8) 740 (74.0) 2.53(1.99-3.205) <0.001
Low level of education 423 (42.3) 234 (23.4) 2.39(1.97-2.91) <0.0001
Salary < 1900 UAH 664 (66.4) 342 (34.2) 3.80(3.15-4.57) <0.0001
Poor living standards 670 (67.0) 453 (45.3) 2.45 (2.04-2.94) <0.0001
Stress-related profession 320(32.0) 320 (32) 1.00 (0.83-1.21) 1.00
Unemployed 122 68 1.9 (1.38-2.64) <0.0001
Loneliness 264 (26.4) 265 (26.5) 0.99 (0.82-1.21) 0.960
Low average income 670 (67.0) 132(13.20) 13.35(10.65-16.73) <0.0001
Lack of healthcare facility at the place of residence 116 (11.60) 320(32.0) 0.29 (0.22-0.35) <0.0001
y p
Saltintake > 5 g per day 524 (52.4) 64 (6.4) 16.09 (12.14-21.34) <0.0001
Excessive consumption of fatty meats, fish daily 423 (42.3) 342 (34.2) 1.41(1.18-1.69) <0.0001
Insufficient consumption of vegetables and fruits 854 (86.4) 245 (24.5) 18.02 (14.36-22.62)  <0.0001
Level of glucose in blood >6.0 mmol/L 158 (15.8) 66 (6.6) 2.65(1.96-3.59) <0.0001
Cholesterol level > 4.5 mmol/L 363 (36.3) 152(15.2) 3.18(2.56-3.94) <0.0001
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the most significant factors that are reliably associated with
the development of the disease and developing clinical
prognostic models of arterial hypertension with the calcu-
lation of operational characteristics and the construction

of ROC curves.

For this, a prospective cohort study was carried out, which
included 1000 patients with arterial hypertension treated in
the 9th City Hospital of the Zaporizhzhia (average age 59+0.5
years, the ratio of men to women 1:1.22 people) and 1000

people without arterial hypertension (average age of whom
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is 62+0.7 years, the ratio of men to women is 1:1.1). In total,
20 prognostic variables were considered, probably associated
with the development of arterial hypertension.The identified
risk factors were significantly associated with the development
of arterial hypertension in simple logistic regression analysis,
were subjected to multiple logistic regression analysis to identify
reliable risk factors, which later became the basis for the devel-
opment of an algorithm for identifying high-risk patients. The
generally accepted methods were used to determine the odds
ratio (OR) based on the 95 % confidence interval (CI).

RESULTS

The initial stage of the study was to study the association
between RFs and the development of AH in the adult pop-
ulation. It was found that the development of AH among
the population of the Zaporizhzhia region is most affected
by a burdened family history, therefore, such a criterion as
the absence of CSD in close relatives was necessarily added
to the favorable health factors.

The definition “Ideal cardiovascular health” as a separate
module includes the social determinants of health - a
satisfactory standard of living, which implies an adequate
average standard of living and a decent salary.
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According to the experts of the World Health Organi-
zation, the morbidity and mortality rates from CSD are
influenced by: low standard of living of the population;
associated unemployment, stress, alcoholism; lack of
motivation among the population to be healthy; lack of
motivation among medical workers to work efliciently,
low level of material and technical base of health care,
insufficient funding of the industry [3].

In our study, among the surveyed respondents without
AH in the surveyed cohort (1000 persons without AH),
only 56 people had ideal cardiovascular health (Table 1).
According to the data, the prognostic model of the devel-
opment of AH includes the criteria of all 3 modules: “crisis
behavior”, “adverse health factors” and “social determinants
of the development of AH”.

To determine the risk of the development of AH in an
individual with the cumulative effect of several factors, a
stepwise multiple logistic regression method based on risk
calculations is used, combining and integrating premorbid
conditions, accessible and minimally intrusive demographic
and medical criteria that are easily understood by individuals
and are available in medical institutions. The first predictive
model, which includes only one RF - lack of physical activity,
has low operational characteristics (Fig. 1).
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Table Il Clinical prognostic models for the development of AH in the adult population

Area under the % of area

1 0
Prognostic changes B m OR 95% ClI p ROC curve increase
“Risky behavior”
Lack of physical activity 0.768 0.095 2.15 1.78-2.60 <0.001 0.5860
Overweight 1.76 0.108 5.83 4.72-7.21 <0.001 0.723 234
Smoking 0.51 0.109 1.68 1.35-2.08 <0.001 0.739 2.2
Salt abuse 2.73 0.152 15.42 11.44-20.78 <0.001 0.8413 13.8
«Unfavorable health»
Family history of hypertension 3.91 0.18 50.01 35.10-71.24 <0.001 0.9439 12.2
High cholesterol level 0.76 0.18 2.14 1.49-3.08 <0.001 0.946 0.2
High glucose level 0.79 0.25 2.20 1.34-3.59 0.002 0.9478 0.2
«Social determinants of the development of AH»
Low income 2.63 0.187 13.87 9.61-20.04 <0.001 0.9674 2.1
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the development of AH in
the adult population

The addition of the following RF - overweight — has
a significant effect on the development of AH such a

factor as lack of physical activity, and somewhat in- by 23.4 % (Fig. 2).

creases the operational characteristics of the model,
in particular, the area under the ROC-curve increases
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The addition of a third RF from the module “risky
behavior” to the predictive model - smoking - increases
the model's characteristics by only 2.2%, but RF - ex-
cessive salt intake — by 13.8%, leaving all previous RFs
significant (Fig. 3).

Thus, in multiple logistic regression analysis, all of the
above RFs of the “risky behavior” module are reliably
associated with the development of AH. But overweight
and excessive salt intake have the greatest influence on
the development of AH. The inclusion of all 4 risk factors
from the “risky behavior” module significantly increases
the area under the ROC curve, indicating high predictive
characteristics of such a model (Fig. 4).

The next RFs added to the predictive model are factors
from the module “adverse health factors”. According to
the data of the table 2, the addition of such RF as family
history of hypertension significantly increases the charac-
teristics of the model, and the area under the ROC curve
increases immediately by 12.2% — from 0.8413 to 0.9439.

However, adding “high glucoselevel” or “high cholesterol
level” to the RFs model increases the predictive value of
the model by only 0.2 %. Thus, it is the RF of the “risky
behavior” module and the burdened heredity that are
most often associated with the development of AH, and
the appointment of additional research methods does not
increase the predictive power of the model. From the mod-
ule “social determinants of the development of AH”, only
one RF is included - low income, of all the factors of the
indicated module, it has the highest OR of the development
of AH (OR - 13.35). At the same time, the operational
characteristics of the predictive model, which includes 8
risk factors, increase by 2.1 % (Fig. 5).

Thus, the additional inclusion of other risk factors in
the model only complicates the calculations but does not
improve forecasting. Therefore, our final model includes
the RFs most associated with the development of AH:
overweight, high dietary salt intake, family history of hy-
pertension and low income, that is, factors that can be de-
termined by direct conversation with the patient, or factors
that each individual can determine in himself directly. The
predictive model, which includes only the above factors,
has high operational characteristics: sensitivity — 78.6 %,
specificity — 96.6 %, positive predictive value — 95.85 %,
negative predictive value — 81.86 %, area under the ROC
curve - 0.9623, which is only 0.0051 less than the predictive
model, which includes 8 RFs (Fig. 6).

Thus, when planning a prevention system, it is of par-
amount importance to determine whether an individual
patient has RF from the “crisis behavior” module, and the
developed measures should be aimed at modifying the
existing RFs.

DISCUSSION

Our study showed that prevention of AH should be based

on finding out whether patients have RF of 3 key modules:

e “healthy behavior” — abstinence from smoking during
the last year, ideal body mass index [<25 kg/m?],
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recommended physical activity, consumption of an
appropriate set of foods that prevent the development
of CVD;

e “favorable health factors” — total cholesterol <200 mg
for (4.5 mmol/l), blood pressure <120/<80 mm Hg, ab-
sence of diabetes mellitus and clinical CSD (including
CHD, stroke, heart failure, etc.);

e ‘“social determinants of health” — low level of educa-
tion, low average income, incl. wages <1900 UAH,
poor living standarts, associated unemployment, stress,
alcoholism, lack of motivation among the population
to be healthy, lack of health care facilities at the place
of residence.

Therefore, the system of prevention of AH should be

aimed not only at each individual, who has his own indi-

vidual differences in genes, in the way of life, but also at
the population as a whole, which forms his environment.

In this aspect, it is the concept of personalized medicine

(Precision medicine) that is the tool that will allow influ-

encing each individual in the population [2, 9]. In early

2015, the concept of personalized medicine was defined

as one of the strategic directions of fundamental research

by the US National Institutes of Health, the goal of which
is to ensure the health of an individual and increase his life
expectancy through the use of preventive or therapeutic
measures taking into account individual differences in
the genes, environment and lifestyle of the patient. The
theory of “ideal cardiovascular health” (American Heart

Association Strategic Planning Task Force, 2015), which

in recent years has been widely spread in the developed

countries of the world, closely intersects with this concept.

This theory is based on basic concepts related to the field

of health improvement and disease prevention:

1. the importance of primary (primordial) prevention;

2. the presence of evidences that CSD and RFs of their
occurrence often develop at an early age;

3. theneed for an appropriate balance between approaches
to health improvement and disease prevention at the
population and individual levels in high-risk indi-
viduals, ie focusing on RFs prevention at all levels is
paramount, and avoiding adverse RFs levels may be the
most effective means of preventing development of the
disease throughout life.

Family doctors should make a significant contribution
to personalized medicine. The family doctor should
take part in the formation of a specific family education
program, focused on the tendency of family members to
follow the rules of a healthy lifestyle and the prevention
of alimentary dependent diseases. The patient should be
offered specific health-improving measures, including
more often non-pharmacological, stimulating natural
mechanisms of repair: the regime of the day and rest,
physical exercises, proper nutrition. The patient can
receive consultations and assistance in their implemen-
tation on the basis of multimodular participation from
various public health services, including specialists in
food technology, physical culture, tourism, ecology,
agrochemistry, etc.
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CONCLUSIONS

It is proved that the application of the final prognostic
model of the development of AH with the inclusion of
the most significant risk factors has high operational
characteristics: sensitivity — 78.6 %, specificity — 96.6 %,
positive predicative value — 95.85 %, negative predictive
value - 81.86 %, the area under the ROC curve - 0.9623.
The application of the concept of personalized medicine
in the prevention of arterial hypertension among the adult
population by studying the associations between medical
and social risk factors and the development of arterial
hypertension is substantiated.
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