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ABSTRACT
Purpose: The aim of the study is to build a long-

term model and conduct a Monte Carlo simulation of the
public health expenditure (PHE) of Bulgaria with the gross
domestic product (GDP) as an independent variable.

Material/Methods: Statistical models are used for
modeling the long-term dependence between the macroeco-
nomic dynamic rows, testing of hypotheses of stationarity
(Augmented Dickey-Fuller tests), for serial autocorrelation
and others.

Results: There is a well-defined, statistically signifi-
cant long-term relationship between public health expendi-
ture and gross domestic product. The long-term model of
health expenditure has an estimate of the cointegration
constant of 1.023 (p-value < 0.05). Monte Carlo simulations
are presented with 1 000, 2 000 and 3 000 experiments,
generated based on the normal distribution of the input
variable.

Conclusions: In the period after the year 1990, a
well-defined long-term relationship between public health
expenditure and GDP exists. The Monte Carlo simulation
can be regarded as a reliable instrument for studying the
most likely fluctuations in health expenditure caused by
the GDP.

Keywords: health expenditure, Monte Carlo simu-
lation, cointegration, health policy,

INTRODUCTION
Public health expenditure (PHE) can be defined as

a complex set of funds, which public authorities – govern-
ment bodies and institutions spend in the health care sys-
tem. The purpose of public expenditure is primarily a full
or partial reimbursement of the operating and, in certain
cases, investment costs of health care providers and in ad-
dition to implement and finance policies and their realiza-
tion in the field of disease prevention, promotion and
screening. In the case of Bulgaria, in the presence of a pub-
lic insurance model and striving to ensure universal cov-
erage, public health expenditure is financed by two sources.
These are the budget of the public health insurer and the
government budget. After the introduction of the insurance
model of financing, the share of funds from the state
budget dropped to about 9-10% of total health expendi-

ture, i.e., the insurer plays a major role in public funding.
Regardless of the specific features of the health care

system, the gross domestic product predetermines the pos-
sibilities for financing public expenditure. Many macroeco-
nomic variables, such as consumption, employment, unem-
ployment, wage levels, budget revenue, expenditure, on the
one hand, and GDP, on the other, are found to be intercon-
nected and cointegrated in the long-term.

Cointegration is a property of dynamic rows, in
which they are integrated of the same order “d”, and their
linear model provides residuals integrated of the order “d-
1”. It is considered that a time variable is integrated of the
order “d” if by applying differences of the same order it
acquires the property of stationarity (mean and dispersion
of the time series remain constant over time). [1, 2]

The Monte Carlo method is accepted and has been
established over time as a good basis for studying uncer-
tainty and risk. It is used in various scientific fields – ini-
tially in physics, later in investment theory, epidemiology,
genetics and others.

The purpose of the present study is to estimate the
fluctuation or changes in the public health expenditure of
Bulgaria, determined by GDP through Monte Carlo
simulations. It covers the period after the year 1990 until
2019. This requires the solution of two tasks. The first is
related to the derivation of a long-term expenditure model,
and the second is regarding the actual conduct of the ex-
periments.

MATERIALS AND METHODS
The dynamic row of public health expenditure is

presented on a consolidated basis (government, National
Health Insurance Fund – NHIF and municipalities), and its
values are obtained from the following sources:

• for the period 1990-1997 “Statistical Yearbook”,
issued by the National Statistical Institute [3];

• the values after the year 1997 are from the con-
solidated fiscal program for the period 1998-2019 from the
Ministry of Finance [4].

The dynamic row of GDP is constructed from the
internet portal of the National Statistical Institute of Bul-
garia – Information System INFOSTAT [5].

The values in the two rows until the year 1997 are
recalculated by the author in denominated Bulgarian levs.

https://doi.org/10.5272/jimab.2021273.3911
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The following analytical methods are used in the
present study:

• Ordinary Least Square (OLS) regression analysis;
• Box-Pierce Q statistics tests for determining

autocorrelation;
• Differencing for overcoming autocorrelation;
• Augmented Dickey-Fuller (ADF) test for testing the

hypothesis of a unit root;
• Graphic representation of natural logarithm trans-

formation of the values of output rows;
• Random number generation.
All statistical tests are conducted in the condition

of a 5 % level of significance.

RESULTS
Brief presentation of the general health expenditure

and its elements
Typically, public expenditure in health care is sig-

nificant, predominant in volume in the total expenditure
of the health care system. Although private expenditure has
seen a higher growth rate since 2003 (their growth indices
are 223% compared to 196% for public expenditure), those
of public institutions are dominant. Figure 1 illustrates the
dynamics of total health care expenditure and their two
main components – public and private.

Fig. 1. Total public and private health expenditure
after the year 2003 (the figure was created by the author
from data taken from the National Statistical Institute of
Bulgaria and Eurostat).

Fig. 2. The relative weight of public health expendi-
ture.

On the other hand, the weight of public in total ex-
penditure varies from 51% to 61% and apparently does not
have a clearly visible trend. Rather, their share gradually
shrank from just over 60% in 2003 to 51% in 2012. Its av-
erage level after the year 2003 was 57% and subsequently
began to grow with fluctuations. Over the last eight years,
public expenditure has regained their relative weight in to-
tal health expenditure to around 60% (fig. 2).

The dominance of public sources for financing the
health care system is a natural reflection of the fact that
although medical services are divisible goods and the ben-
efits of their consumption can be individualized; there are
also significant positive externalities that extend to the
whole society.

Building a model of a long-term relationship be-
tween PHE and GDP.

The first step in the detailed study of long-term de-
pendence is to construct the two dynamic rows. The natu-
ral logarithm values of public health expenditure and GDP
for the period 1990-2019 are shown below (fig. 3).

Fig. 3. Natural logarithms of the public health ex-
penditure and the nominal GDP for the period 1990-2019.

Time trend functions fitted by straight lines have the
following numerical characteristics:

PHE = 0.232t + 2.917 (1)
with R2 = 0.754
and
GDP = 0.226t + 6.252 (2)
with R2 = 0.728

The slope coefficient in the time trend function of
PHE is slightly higher than the one in GDP. This fact can
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explain the relatively faster increase in expenditure over
time compared to GDP.

The autocorrelation coefficients for the first seven
lags of the two rows can be seen in the following table. In
all cases, they are statistically significant and assume high,
considerably greater values.

Table 1. Autocorrelation coefficients of the dynamic
rows.

Time Autocorrelation coefficients (ACC)

lag Ln(PHE) Ln(GDP)

1 0.975 0.978

2 0.926 0.931

3 0.857 0.853

4 0.76 0.735

5 0.627 0.575

6 0.445 0.394

7 0.208 0.178

There is a strong autocorrelation in both dynamic
rows – a result expected for macroeconomic variables. Fig-
ure 3 clearly shows the presence of a trend in the develop-
ment of the variables over time. For these reasons, it can
be expected that both rows will not be stationary.

The Augmented Dickey-Fuller test is applied to
verify the hypothesis of stationarity of the initial dynamic
rows. The unit root test is based on an auxiliary model with
a one-year lagged variable, with time, as independent vari-
ables and a constant. For both dynamic rows, the test mod-
els are as follows:

Ln(PHE)t - Ln(PHE)t-1 = β0 + β1.Ln(PHE)t-1 + β2.[Ln(PHE)t-1 -
Ln(PHE)t-2] + β3.t + et (3)

Ln(GDP)t - Ln(GDP)t-1 = β0 + β1.Ln(GDP)t-1 + β2.[Ln(GDP)t-1 -
Ln(GDP)t-2] + β3.t + et (4)

The reason for choosing such an auxiliary model is
that the values of the rows follow an upward trend. In ad-
dition, the mean around which observations fluctuate is
different from zero (fig. 3).

It is obtained the following OLS estimates of the
models (the value of the t-statistics is indicated in paren-
theses):

Ln(PHE)t–Ln(PHE)t-1=1.03–0.13Ln(PHE)t-1+0.04[Ln(PHE)t-1
                                  (3.169)  (-1.777)          (0.215)
–Ln(PHE)t-2]+0.01t+et (5)
                      (0.284)

Ln(GDP)t–Ln(GDP)t-1=1.33–0.11Ln(GDP)t-1+0.08[Ln(GDP)t-1
                                                  (2.811)  (-1.753)           (0.419)
–Ln(GDP)t-2]+0.001t+et (6)
                     (0.035)

For the initial rows of PHE and GDP, the null hy-
pothesis of the existence of a unit root cannot be rejected
because the t-statistics of the coefficient estimates before
the lagged variable β1 (-1.777 and -1.753, respectively) is
smaller in absolute value than of the accepted critical value
within the test. In the case of an auxiliary model with a
variable and a trend at a 5% significance level, the limit
value is -3.40, and at 10%, it is -3.13. The Augmented
Dickey-Fuller test confirms that the initial rows of public
health expenditure and GDP are not stationary (p-value >
0.05).

In order to achieve stationarity, the trend in the rows
should be eliminated. This is realized by applying first-or-
der differences. Figure 4 shows the transformed dynamic
rows, ∆Ln(PHE) and ∆Ln(GDP), respectively.

Fig. 4. First-order differences of public health ex-
penditure and GDP.

The dynamic rows consisting of first-order differ-
ences do not contain a visible trend and are not autocorre-
lated – the Box-Pierce statistics for the first lag allows us
to accept the hypothesis of independence of the members
of the rows. For the dynamic row of the health expendi-
ture, it assumes the values Q (1) = 1.78 (p-value >0.05),
and for GDP, respectively, Q (1) = 3.15 (p-value >0.05). The
means of the differenced rows are close to zero, especially
if the values up to the year 1998 are ignored.

The lack of a trend and the presence of a mean close
to zero allows stationary tests to be performed with an aux-
iliary model without a constant (β0) and without time (t)
as an independent variable. The OLS estimates of the re-
gression models, already on the basis of the rows with dif-
ferences of the first order, take the form:

Ln(PHE)t – Ln(PHE)t-1 = –0.536Ln(PHE)t-1 – 0.171[Ln(PHE)t-1
                                        (-2.691)                 (-0.9489)
– Ln(PHE)t-2] + et (7)

Ln(GDP)t – Ln(GDP)t-1 = –0.38Ln(GDP)t-1 – 0.269[Ln(GDP)t-1
                                         (-2.115)               (-1.532)
– Ln(GDP)t-2] + et (8)
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The rows composed of first-order differences pass the
stationarity tests (t-criterion, as an assessment of the level
of significance of the coefficient of the lagged variables,
assumes higher absolute values than the critical levels (-
2.691 < -1.93 and -2.115 < -1.93, p-value <0.05 at 5% sig-
nificance level). On this basis, the alternative hypothesis
can be accepted that the rows with first-order differences
represent a stationary process with a mean close to zero and
a variance constant in time. Therefore, both dynamic rows
– public health expenditure and GDP – are integrated from
the same – first-order, i.e. they are of type I (1). This result
is essential for the long-term relationship and the likely
cointegration.

The first condition for confirming the cointegration
hypothesis is present – public health expenditure and GDP
are of type I (1). To verify the second condition (their lin-
ear regression model to have residuals integrated in order
of magnitude lower by one unit, i.e., to be of type I (0)), it
is necessary to construct the cointegration model with the
following form:

∆Ln(PHE) = λ0 + λ1. ∆Ln(GDP) + ut (9)

The OLS estimates of a slope coefficient and a constant
can be seen on eqation (10):

∆Ln(PHE) = 0.0003 + 1.023 . ∆Ln(GDP) + ut (10)
                    (0.01)     (16.598)

The overall test (F (1;27) = 275.49 (p-value <0.05),
R2 = 0.911) proves that there is a significant relationship
between the public health expenditure and GDP. The re-
gression coefficient before GDP is also significant (t-value
= 16.598; p-value <0.05). The residuals are not
autocorrelated (Q (1) = 0.16; p-value> 0.05) and their mean
is close to zero (µ = -9,57.10-18). The dynamic of the
residuals is presented on the next figure.

Fig. 5. Residuals “ut “from the cointegration model
(equation 10) of public health expenditure.

The Augmented Dickey-Fuller test with an auxiliary
model without a constant and time as an independent vari-
able confirms the presence of a stationary process in the
residuals row (t-value = -4.083 <-1.93 at a 5 % significance
level), i.e. they are of type I (0). Therefore, PHE and GDP
are cointegrated with a cointegration constant λ1 = 1.023,
or in the long run, one percent change in ∆Ln(GDP) would
cause a change of 1.023 percent in the level of ∆Ln(PHE).

Conducting Monte Carlo simulations.
A prerequisite for simulating the values of a vari-

able to study its behavior is the presence of a determined
relationship between the variable itself and another in the
role of the predictor. An important point in the application
of the method is the generation of a certain number of ran-
dom values that mimic the role of an input variable in con-
ducting the simulations with a model from equation 10. The
type of empirical distribution of the independent variable
needs to be considered when generating random numbers.
[6] Each simulation of the resulting variable is based on a
certain number of experiments (n). Within this study, three
simulations were performed, with 1 000, 2 000, and 3 000
trials, respectively. Thus, the same number of values of
public health expenditure is modeled with randomly gen-
erated values of ∆Ln(GDP).

The distribution of the independent variable
∆Ln(GDP) is not normal (N = 29; Shapiro-Wilk = 0.609;
Sig. <0.05). Figures 6 and 7 illustrate the empirical distri-
bution of the independent variable.

Fig. 6. Histogram of ∆Ln(GDP).
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Fig. 7. Normal Q-Q plot of ∆Ln(GDP). Fig. 9. Normal Q-Q plot of ∆Ln(GDP) for the period
1998-2019.

The reason for observing a distribution far from nor-
mal lies in the relatively large number of cases of signifi-
cant fluctuations in nominal GDP during the first eight
years of the observed period (years 1990-1997). If the first
eight observations of GDP are excluded, i.e. shortening the
period between the years 1998 and 2019, we will obtain
an empirical model of distribution close to normal (N = 21;
Shapiro-Wilk = 0.971; Sig.> 0.05). The next two figures
show the frequency distribution and Q-Q plot.

Fig. 8. Histogram of ∆Ln(GDP) for the period 1998-
2019.

It should be noted that the simulations are per-
formed on the assumption for a normal distribution of
∆Ln(GDP) with a mean of 0 and a standard deviation of 1.
Thus, for the “n” number of random input values of
∆Ln(GDP), the same number of expected values of health
expenditure is emitted. After each simulation, as a set of
“n” number of simulations of the input variable, the aver-
age expected level of costs and their variance indicators
are determined. The values of the indicators for mean and
for variation of public health expenditure are summarized
in Table 2.

Table 2. Indicators for mean and variation of the ex-
pected values of ∆Ln (PHE) after conducting three simu-
lations.

Indicator Values of ∆∆∆∆∆Ln(PHE)

Experiments, n 1 000 2 000 3 000

Mean -0,035 -0,01 -0,02

Median -0,0057 -0,0203 -0,0092

Min -3,56 3,83 -3,41

Max 3,44 3,43 3,65

Standard Deviation 1,052 1,04 1,029

Based on the properties of the normal distribution,
it can be assumed that in 68.26% of all experiments the
mean expected value of the dependent variable ∆Ln(PHE)
varies in the intervals (-1.087; 1.017), (-1.050; 1.03) and (-
1.049; 1.09).

The present results illustrate the construction of a
long-term model and a Monte Carlo simulation to assess
fluctuations and risk of public health expenditure’s finan-
cial burden. Going beyond this frame we could comment
some future trends.
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If we turn our attention to Figure 1, it could be as-
sumed that overall health expenditure is likely to continue
to rise in absolute terms. This is an unchanging trend, firmly
established since the first years of the new century. In fact,
the beginning of this trend coincides with the transition
from budget funding to the insurance model of the national
health system. However, this trend is mainly due to the
growth of the country’s nominal GDP. It is difficult to be
convinced without new research that institutional reforms
have put significant pressure on spending growth.

An interesting trend, that has formed in the last few
years, is the faster growth of PHE (Fig. 1 and Fig. 2). This
fact can be explained with the attempts of the health au-
thorities to limit the direct payments’ adverse effects. An-
other fundamental factor that is sure to have an impact on
the growth rate of public funding in the near future is the
global Covid 19 pandemic.

In the context of the relationship with the income,
it could be expected that in the future we can see a faster
increase in expenditure than in GDP. There is also a defi-
nite predominance of the fluctuation of public health ex-
penditure over that of GDP (SD∆Ln(PHE) = 0.485; SD∆Ln(GDP)

= 0.452). An additional impact in this direction will most
likely be due to the new costs caused by Covid 19, cov-
ered by the public funds. As a result of these factors, such
as the pandemic and the probable intention to limit direct
payments, it is quite likely that in the future public fund-
ing for health care will fluctuate within considerable lim-
its, including their burden. This is shown by the results of
the Monte Carlo simulations (Table 2). Taking into account
the greater than one unit of income elasticity (equation 10)
in conjunction with the other results, we could define pub-
lic health expenditures as rather a luxury good. This asser-
tion most likely also applies to general health expenditure,
but should be confirmed by further results.

DISCUSSION
This paper treats the empirical buildind of a public

health expenditure’s long-term model with independent
variable GDP, subsequent Monte Carlo experiments to as-
sess its fluctuations and burden.

The link between health expenditure (HE) and macr-
oeconomic dynamics is actually emerging as one of the prob-
lems which increase the importance of health economics and
policy. Each study of health expenditure with an aspect of
financing or relations with GDP uses its own methodology
and format of data; thus, direct comparisons between differ-
ent results are at high risk of inaccuracies. However, the re-
sults from some recent research on the subject could serve
as a debate on the results obtained in this article.

The problem finds a place in the framework of in-
ternational comparative analyzes, initially and above all
for the OECD countries. According to Gerdtham and
JÖnsson (2000) the early research of Hansen and King from
1996 found that for 20 OECD countries for the period 1960-
1987 could not be rejected in both time series (HE and GDP)
the hypothesis of unit root, using ADF test. The hypoth-
esis of no-cointegration was also rejected. Analogical study
of Blomqvist and Carter (1997) for 18 OECD countries for

the period 1960-1991 presented confirming results but us-
ing a model of health expenditure with GDP and time trend.
[7, 8, 9] A more recent study of Gerdtham and Löthgrenwith
with data between 1960 and 1997 shows that the hypoth-
esis of unit root is rejected for only two OECD countries -
Portugal and Switzerland. The HE and GDP series was char-
acterized as I(1) processes. Panel cointegration test proved
that health expenditure and GDP for OECD countries was
contegrated. [10] The present study found similar results
with the same instruments and time series with almost equal
length. It is found a unit root in the initial time series and
it was overcome with differencing, i.e. the series are of type
I(1). The additional tests confirm that they are cointegrated.

The study of Mehrara, Musai, and Amiri (2010)
based on the Panel Smooth Threshold Regression (PSTR)
found that the income elasticity of HE of all OECD coun-
tries was estimated at about 2.59 mutch more than unity
and conclude that health expenditure can be classified as
a luxury good (for dataset 1993-2007). The authors used a
linear model of real HE per capita with real per capita in-
come as an independent variable. [11] The present study
for Bulgaria shows that the income elasticity of PHE is
1.023 and it is determined on the basis of nominal and not
per capita values of PHE and GDP. With another format,
real and per capita data, as well as with general health ex-
penditure, we would expect different results about income
elasticity. One of the latest studies on the subject area in
the United States and Canada reached similar values of in-
come elasticity (0.92) to those of public expenditure on
health in Bulgaria from the present paper. [12] The new re-
search for OECD countries for the period 1988-2012 and
using VECM methodology found that in long term a 1%
increase in the GDP is associated with a 1.1% increase in
health care spending.[13] This finding is very close to the
results of the proposed paper even with some methodologi-
cal differences.

The existence of a stationary process in the dynam-
ics of health expenditure for the same countries for a long
period of time, but taking into account structural changes/
shocks is also of interest on the topic. [14] The case of Bul-
garia with its economic trends in the beginning and the
middle of the nineties of the last century is very interest-
ing and additional studies are needed to be confirmed or
rejected potential structural changes. The likely structural
changes in 1997 will necessitate a revision of the empiri-
cal characteristics of the long-term model. Finding an an-
swer to this question requires additional tests and modeling.

A study focused on the financing of public expendi-
ture on health care in India, in the context of differences be-
tween states and possibilities to achieve universal coverage,
shows a well-defined long-term relationship using GDP and
tax revenues per capita as predictors. [15] The same study
shows that a one percent increase in GDP per capita leads to
an increase of 0.42 percent of public health expenditure per
capita. The elasticity of public health expenditure to GDP
per capita was found to be 0.53 in sixteen major Indian states
surveyed with panel data analysis.

Like the present paper methodology, research for
Turkey establishes a long-term relationship between health
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expenditure (public, private and general) and GDP. [16] The
“health-led growth hypothesis” occupies an interesting
place in the study of health expenditure, and research in
this regard has also been completed for Turkey. [17]

Besides, the relationship with economic growth and
dynamics of GDP health expenditure are considered in the
context of environmental pollution and energy consumption,
which is a new direction in this subject area. Some of the
studies in this group arrive at results relevant to those in this
article. With the help of VECM Granger causality analysis,
it is established that there is a statistically significant short-
term and long-term causal relationship between health ex-
penditure and economic growth in the OECD countries for
the period 1992-2014. In fact, it is accepted the hypothesis
that health expenditure provides part of economic growth
or led to growth in developed countries. [18]. In a methodo-
logically similar analysis, Haseeb et al. present some differ-
ent results for ASEAN countries. Each of the independent
variables, GDP, energy consumption, CO2 emissions, and
R&D expenditure, has a significant causality impact on the
health expenditure. But on the other hand, when the direc-
tion of the casual relationship changes, health expenditure
do not appear to have a significant impact on economic
growth and other variables. [19]

An interesting fact is that according to a previous
study (Atanasov, 2012) for Bulgaria with similar tools but

with shorter dynamic rows (1990-2010), a lower level of
the cointegration constant was obtained – less than one
(0.904). The comparison with present results proves that
for the last ten years, public expenditure on health care has
become relatively more sensitive or elastic to changes in
the GDP.

CONCLUSIONS
The study of the elasticity of health expenditure

through simulations and modeling of their response to
probable fluctuations in income using the Monte Carlo
simulation allows a deeper insight into their nature and es-
pecially their relationship to macroeconomic processes and
dynamics. Moreover, simulating probable expenditure fluc-
tuations provides an assessment of the uncertainty of their
increase in periods of declining income and recession.

Quantitative estimates of income elasticity of health
expenditure from the present study provide results that
could be considered from the financing policy of health
care in conditions of growing funds. It could exist and an-
other point of view, the increased weight of public health
expenditure in recent years could be explained as an ex-
pected result on the background of overcoming adverse ef-
fects of the highest direct patient payments proportion com-
pared to the countries of the Balkan region and the Euro-
pean Union.
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