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Abstract

Cardiovascular (CV) diseases have become the most important cause for
mortality in developed countries. This indicates that they also significantly
influence the quality of life and represent an important social and economic
burden. As national registers for such diseases are not available in all countries
and/or for all CV diseases and because of the fact that statistical data are for
small populations not very reliable in the paper three phase modelling structure
is suggested with which different important aspects of hypertension and chronic
heart failure (CHF) can be evaluated on the basis of combination of data from
different sources. Mentioned structure enables the observation of hypertension
and CHF prevalence (simulation results of the first and second phase), while in
combination with demographic data also quantitative prediction of observed
patients is possible. In the third phase information of treatment expenses and
population data in Slovenia was added. In this way social and economic burden
was estimated in the form of expected patients' number regarding their age and
year treatment expenses. In addition also treatment efficacy of drugs with beta
blockers is evaluated. The simulation results show that observed drugs are
justified also from economical point of view. Finally the extrapolation of results
to the countries with similar social and demographic situation is suggested.
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1 Introduction

Cardiovascular (CV) diseases (e.g. hypertension, heart
diseases, chronic heart failure) were not very frequent
illness a century ago. At the beginning of the 20"
century CV diseases were the cause of mortality in
less than 10% of deaths. Over the century the number
increased to over 50% looking from worldwide
perspective [1].

Regarding recent findings it can be expected that
several important factors will contribute to a further
increase of CV diseases. In developed countries
people live longer and population is getting older. The
second reason is very fast increase of obesity and
diabetes which are conditions that usually lead to
hypertension and other cardiovascular diseases. Due to
longer working time it is important to take into
account also stress and a lack of physical activities.
Very significant risk is also smoking, especially in
younger population [2-4].

Hypertension (high blood pressure) is one of the most
important reasons for an adult to visit a doctor [5]. It
can lead to different complications. Lowering the
blood pressure with antihypertensive treatment was
proven through several trials to reduce the risk for the
development of cardiovascular diseases and to
decrease the number of complications.

Chronic heart failure is the end stage of cardiac
disease being a consequence of hypertension and heart
disease. The heart is not able any more to deliver
blood in enough quantities to organs and tissues.
Patients with chronic heart failure have symptoms like
breathlessness, fatigue and fluid retention (peripheral
oedema) as a direct consequence. This condition not
only significantly affects quality of life of those
patients, but is connected also with high mortality
(one patient out of five die in one year) and frequent
hospitalizations (around one third of patients is
hospitalized in a period of one year after the first
hospitalization) [6].

Beta-adrenergic receptor blockers (beta blockers - BB)
were introduced to market in 1950s. In the following
decades their usage was extended to the treatment of
variety diseases, mainly cardiovascular. Notable
number of clinical trials confirmed their role in the
treatment of hypertension, myocardial infarction,
angina pectoris, chronic heart failure. The clinical
trials confirmed that beta blockers are reducing
mortality and the risk for new cardiovascular events
(e.g. myocardial infarction, stroke, ...). They also
became a drug of choice for treatment of hypertension
[7-10].

In patients with chronic heart failure beta-blockers are
part of the standard therapy together with other groups
of medicines for reduction of hospitalizations due to
worsening of heart failure and for reduction of
mortality.

It is interesting that although beta blockers are present
in the treatment of different cardiovascular diseases
for decades, the actual use in clinical practice vary
from country to country and from one disease to
another. Comparison of the use of beta blockers in the
treatment of chronic heart failure among different
European countries have shown that only 25% to up to
78% of patients were treated with beta blockers [11,
12].

In the paper we have tried to evaluate therapeutic
outcomes regarding heart failure when using beta
blockers. The corresponding mathematical model was
developed with which it is possible to predict the
number of patients with hypertension, chronic heart
failure and their combinations, as well as to estimate
economical burden and optimal treatment outcomes
which can not be neglected taking into account the
increase of CV diseases. The simulation results are
calculated for Slovenia and extrapolation is also
suggested for the countries with similar demographic
and social situation. Resembling results can be
expected in practically all EU countries.

The paper is organized in the following manner. In the
next section the structure of developed mathematical
model is presented. Then simulation results are
illustrated which can, in combination with estimated
treatment expenses, give the evaluation of overall
social and economical burden of observed patients.
The paper ends with concluding remarks and some
ideas for future work.

2 Modelling structure

As already mentioned, the aim of presented study was
to fulfill several goals. It should enable the estimation
of patients number with hypertension and their
connection with the patients who experienced
different health complications. The influence to
chronic heart failure in observed population is
presented in the third section. In some countries
registers for such diseases are available, but in many
areas they do not exist, or their statistical value is, due
to small number of observed patients, very low.

As these diseases are strongly correlated with patient's
age, also this time dimension — namely patients' age,
not only time, should be taken into account.

Modelling results should, in addition, enable also the
evaluation of social and economic burden of observed
diseases, what is important for governments, insurance
companies, hospitals and also for each individual
regarding educational aspects with which serious
health complications can be prevented.

To meet all mentioned goals mathematical model was
developed as presented in Fig. 1.
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Fig.1 Proposed model structure

It consists of three main design phases. In the frame of
the first phase dynamical structure is described with
two output signals representing  percentage
distribution (prevalence) of the patients with
hypertension (T) and those who are healthy regarding
this disease (BREZT). Hypertension is defined as
blood pressure higher than 140/90 mm Hg or taking
antihypertensive medications [13]. Input signal is
unity step indicating the beginning of problem
observation, namely at the birth. Observation time is
95 years regarding patients' age.

Modelling has started with observation of statistical
data as illustrated in Table 1 [14]. For simplification
reasons the average regarding both sexes was taken
into account.

High-order (11™ order) nonlinear dynamical structure
with different time constants containing also delay
time was identified. Such disease is namely very rare
in the youth (before the age of 20).

In the second phase the model was extended with the
dynamic structure describing the development of
chronic heart failure [15] (Table 2). Dynamic
properties depend also on the group from which the
patients are coming from (Fig. 1).

In the USA research has shown [16] that hypertension
is in 10% of cases the reason for heart failure. In Italy
this number is increased to 15.8% [17]. The efficacy
of several dynamic structures was evaluated, but the

final decision was made regarding also good matching
with the number of patients in different countries of
European Union [11, 18]. The result is dynamic
structure of the 13™ order with time delays.

Table 1: Prevalence of hypertension

age men women average
[years] [70] (7] (7]
20-34 11.1 5.8 8.45
35-44 213 18.1 19.7
45-54 34.1 34.0 34.05
55-64 46.6 55.5 51.05
65-74 60.9 74.0 67.45
75 69.2 83.4 76.3
and more
Table 2: Prevalence of chronic heart failure
age men women average
[years] [70] [%] [%]
45-54 0,3 0,2 0.25
55-64 1.4 0,9 1.15
65-74 4,5 3,6 4.05
75-84 10,9 9,9 10.4

In the third modelling phase the information was
added regarding demographic data in Slovenia [19]. In
Fig. 2 population of Slovenia is illustrated in 2003.
Combination of prevalence with population number
gives the number of patients regarding their age as
illustrated in the next section.
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Fig.2 Number of people in Slovenia

Obtained results were, in this last phase, combined
also with the estimated expenses connected with



treatment of observed patients, namely needed drugs,
hospitalization and mortality. In this way year
economical burden was presented regarding observed
diseases. Developed structure enabled also the
evaluation of antihypertensive effects regarding the
decrease of observed cardiovascular complications,
which is illustrated through simulation results in the
next session.

As similar results as in Slovenia can be expected in
the countries with resembling social, demographic and
economic situations (most of EU countries) [20], also
extrapolation of the results is suggested, which can be
applied in such situations.

Simulation was realized using Matlab with Simulink
[21,22].

3 Simulation results

As already mentioned, in the first modelling phase the
development of hypertension, regarding patients' age
has been defined. Simulation result (percentage
patients' distribution) is illustrated in Fig. 3, where it is
also indicated that good matching was achieved for
the average distribution in different age intervals.
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Fig.3 Prevalence of hypertension

In the third phase this result was combined with the
population counting in Slovenia in 2003 (Fig. 2). So
the number of patients with hypertension, regarding
their age was estimated (Fig. 4).

It came out that in Slovenia live over 526 000 people
with high blood pressure and this represents 26.4% of
the whole population.

It is important to point out that sometimes confusing
description regarding percentage prevalence of this
chronic disease is given. Such misleading information
can arise from the fact that the time window, for
which calculation is realized, is not very clearly
defined. In Fig. 5 it is possible to observe how the
start time of observation influence a percentage
distribution of patients with hypertension, which can
for the same population vary from 26.4% to over 78%
if only older population is taken into account.

For evaluation purposes hypertension prevalence was
combined also with demographic data of Germany
and Great Britain and for all three countries also the
number of patients is in good matching with statistical
data [18, 23, 24].

In the second design phase serious health
complications were observed. In Fig. 6 prevalence
distribution of the patients with chronic heart failure is
presented. Here it is also possible to differ those, who
suffer from CHF and hypertension.
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Fig.4 Number of patients with hypertension
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Fig.6 Prevalence of chronic heart failure (1-all CHF
patients, 2-patients without hypertension and with
CHF, 3-patients with hypertension and CHF)

Again prevalence was in the third phase combined
with population number (Fig. 2) and patients' number
regarding their age was calculated as presented in Fig.



7. In Slovenia there are over 29800 CHF patients, or
1.5% of population experience CHF each year.
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Fig.7 Number of patients with CHF (1-all patients, 2-
patients without hypertension and with CHF, 3-
patients with hypertension and CHF)

Regarding the patients who have only high blood
pressure an average price for optimal year treatment
was evaluated for the most frequently used beta
blockers. For one patient it is estimated that €51.49
per year is needed [25]. It can therefore be expected
that in Slovenia for this group of patients economic
burden is almost €27 million per year.

Expenses for CHF patients can arise from numerous
reasons. In the present study the following were taken
into account:

the usage of beta blockers,
other needed drugs,
hospitalization and
mortality.

Regarding other needed drugs, hospitalization,
mortality and also, when evaluating treatment
efficacy, it is important to differ from which group the
patients are. The situations are different regarding how
serious is patient's condition. To distinguish among
them NYHA (New York Heart Association)
classification was accepted and average circumstances
were taken into account, where 38% of patients are in
the first group, 34% in the second, 23% in the third
and 5% (where situation is the most serious) in the
fourth.

Regarding treatment efficacy it was first supposed that
all patients are healed with beta blockers and later on
this situation was compared with the one where beta
blockers would not be used (statistical data of placebo
results were taken into account). On the basis of
obtained results the efficacy of beta blockers can be
presented.

First it can be expected that optimal drug treatment of
patients with hypertension would prevent 40% of
cases where CHF is developed or with other words,

each year around 1200 CHF patients less would be
expected in Slovenia.

In Fig. 8 year mortality regarding patient's age is
shown, indicating that during one year over 2600
people die because of CHF in Slovenia.
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Fig.8 Number of patients with CHF who die each year

in Slovenia (1-patients are treated with BB, 2-patients

are not treated with BB, 3-the difference between both
situations)

Their contribution to economic burden depends on
their age. It is important if they are from the group of
active people (it was taken into account that in average
in Slovenia people are retired at age of 59) or not. It is
also important for how many years would the patient
need to work. Also the information regarding the
degree of unemployed population was taken into
account. Expenses were calculated regarding patients'
ages (i=0, ... ,95) using the following relation:

N(i)=Nm (i)*as*dwa*(l—du)*fx

where N,,(i) is evaluated number of deaths at certain
age, as is an average salary, dwa is a degree of
working activity, du is a degree of unemployment [14]
and f, is 1 if observed person was active, otherwise it
is 0. Results for Slovenia are illustrated in Fig. 9.

Year expenses in Slovenia due to mortality are for
CHF patients €163 000.

Regarding model prediction in Slovenia each year
over 25 600 hospitalizations are expected in CHF
patients for what almost €81 million is needed.
Economic burden regarding hospitalization is
illustarted in Fig. 10.

When observing the economic burden of drugs with
beta blockers it is important to take into account that
40% of CHF patients from NYHA I group are using
this medicine and all from other three groups. Year
expenses for this group of drugs are therefore €1.9
million each year.
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Fig.9 Year mortality expenses in EUR for CHF
patients in Slovenia (1-patients are not treated with
BB, 2-patients are treated with BB, 3-the difference

between both situations)
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Fig.10 Year hospitalization expenses in EUR for CHF
patients in Slovenia (1-patients are treated with BB, 2-
patients are not treated with BB, 3-the difference
between both situations)

In addition to beta blockers general guidelines suggest
also the usage of additional drugs regarding from
which of mentioned NYHA group the patients are. For
these drugs almost €7.5 million is needed per year.

As mentioned, treatment efficacy when using beta
blockers was evaluated regarding the assumption that
these drugs decrease mortality and hospitalization.
Graphically estimated influence is illustrated in Figs. 8
-10.

It can be expected that without the usage of beta
blockers each year 650 CHF patients more would die
in Slovenia, what represent the burden of around
€40000 per year.

The number of hospitalizations would be increased for
almost 6600, for which additional €21 million would
be used each year.

Regarding all mentioned expenses the investment to
the usage of beta blockers seems to be justified also
from the economical point of view, as approximately
€19 million can be saved per year.

4 Conclusions

In the paper modelling and simulation results are
presented, illustrating the prevalence and the number
of patients with hypertension, chronic heart failure and
all possible combinations of these two diseases.
Taking into account that in Slovenia live 2 million
people, it can be expected that in the population of
million people with social and demographic situations
which are characteristic for developed regions, around
264000 have high blood pressure. Maximum number
of patients can be expected among the people who are
50 to 70 years old. Year expenses for medicaments
with beta blockers for this group of patients were
estimated to be around €13.5 million.

The number of patients with chronic heart failure is
estimated to be 15000 each year in the population of
one million people. Taking into account that their
health condition is not the same, they have been
divided into four groups due to NYHA classification
what further enabled the estimation of needed
treatment, hospitalization and expected mortality
among these groups and finally also financial burden.

Regarding model predictions it can be expected that
for each million of people there are approximately
12800 hospitalizations per year what represent the
financial burden of almost €41 million.

In addition, financial burden are also expenses for
drugs. Again observing the group of 1 million people,
for CHF-patients €4.7 million is needed each year in
addition to antihypertensive treatment.

Mortality of CHF patients is relatively high as it can
be expected that in a group of million people each
year die over 1300 people, what represent economic
burden of approximately €81500 per year.

Model predictions also warn that in the case when
drugs with beta blockers are not used the increase of
hospitalizations and mortality can be expected among
CHF patients and as a consequence also overall
expenses would be increased for almost €10 million.
To be more precise it can be expected 3300
hospitalizations more per year and over 300 CHF
patients more would die in such circumstances in the
group of 1 million of people.

As hypertension has negative influence also to the
other CV diseases additional savings can in general be
expected. Estimation of these potential savings will be
the goal of our further work together with the
observation how population aging influences health
condition in developed regions. This is of course very
important as it can be expected that in the developed
countries the average population oldness would be
drastically increased in the next few decades.
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