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INTRODUCTION

The study of the phenomenon of "health expenditure" — or the plural form "health
expenditures" more commonly used domestically — primarily as aggregate magnitudes,
has been a subject of inquiry in health economics since the discipline's inception as an
independent scientific field. Its origins can be traced back to the 1960s and early 1970s,
through the work of scholars who established the theoretical foundation of health
economics. In this regard, early research from the 1960s by Nobel laureates such as
James Buchanan and Kenneth Arrow, whose contributions lie in the fields of public
finance and public choice, can be cited. These authors addressed issues such as the
demand for and supply of medical services in the USA and the UK. Their works
constitute the basis upon which subsequent scholars have built, specifically studying
the determinants of health expenditure and its dynamics.

A turning point in research on the subject can be considered Newhouse’s 1977
proposal to explain health expenditure primarily through aggregate income measures,
such as GDP. Although GDP is not an endogenous variable to the system —i.e., it does
not directly reflect a specific characteristic of healthcare — it possesses the advantage
of homogenizing diverse systems globally in terms of the source of funding for
expenditures, irrespective of numerous individual differences.

Interest in health expenditure in its entirety, from the 1960s and 1970s to the
present day, stems from the desire to explain the "price" of healthcare by measuring the
amount of money spent in the sector, regardless of the economic agents incurring it.
This assessment can be based on both absolute value magnitudes and relative ones. The
latter can also determine the burden of health expenditure, insofar as it is formed on a
mandatory collective basis. However, even where health expenditures are facultative
in nature, they involve timeliness, urgency, and irreversibility, which creates a financial
and economic burden for the individual or society.

Health expenditure can also be an aggregate assessment of financial resources that
are, on the one hand, accumulated and set aside from current income and, on the other,
directed towards and consumed within the sector. It is simultaneously an assessment of
the value of labor input by medical and non-medical specialists, the non-current and
current assets used, pharmaceuticals, medical devices, etc., within the "Healthcare"
sector for a given period. From the perspective of expenditure formation, its value is
an assessment of both its burden and the price paid by society to satisfy health needs.

From the early period of research to the present day, dozens, even hundreds of
studies on total health expenditure or its elements can be found, both for groups of
countries and for individual nations. These studies relate primarily to the determinants
of health expenditure. Furthermore, interest is generated by the distribution of




expenditures and the effects this distribution produces on disposable income, and
consequently, on financial accessibility.

Of particular note are studies assessing the link between increased labor
productivity and wages in the private sector and the growth of healthcare expenditure,
known as the Baumol effect or Baumol’s cost disease.

For our country, the phenomenon of "health expenditure" cannot be considered
studied in its entirety. This applies most notably to its determinants. A limited number
of articles have been published on the topic, focusing on GDP as a predictor and on the
redistributive effects on individual income in Bulgaria. Most articles concerning our
country utilize elementary methods of scientific analysis, offering primarily descriptive
presentation and visualization, relying on the reader's sensory perceptions.

The present dissertation seeks answers to questions related to the temporal
development of total health expenditure and its elements by financing schemes, as well
as their determinants. Answers to these questions are sought through the application of
modern quantitative analysis methods, fully applicable to the problem area.

The expected benefits of the dissertation lie in the addition of new knowledge
regarding the dynamics and determinants of health expenditure. This knowledge, in
turn, is beneficial for health authorities in making evidence-based decisions in the
context of raising and spending monetary funds that suffer from scarcity.




AIM AND TASKS OF THE DISSERTATION,
SCIENTIFIC HYPOTHESIS

The aim of the present dissertation is to identify, analyze, and econometrically
evaluate the main exogenous and endogenous determinants influencing the dynamics
of Current Health Expenditure in Bulgaria for the period following the introduction of
the national health insurance system (2000-2022), and on this basis, to develop and
validate univariate and multivariate models explaining their factor dependency.

To achieve the stated objective, the following tasks must be accomplished:

Task 1.

Task 2.

Task 3.

Task 4.

Task 5.

Task 6.

Task 7.

To construct the theoretical framework of the study based on the conducted
literature review, by defining and substantiating the selection of the main
exogenous and endogenous variables that explain the behavior of Current
Health Expenditure.

To investigate potential data sources regarding the volume of Current Health
Expenditure and its determinants for Bulgaria for the period after 2000

To construct time series of health expenditure in the respective units of
measurement (dimensions), taking into account their specific characteristics
to ensure comparability with similar studies, and to neutralize the influence of
monetary phenomena such as inflation and purchasing power.

To construct time series of the predictor variables of health expenditure, taking
into account their specific characteristics to ensure comparability with other
similar studies.

To determine, interpret, and characterize, from the perspective of health
economics and policy, the changes in the level, dynamics, and structural shifts
of Current Health Expenditure and its constituent elements by financing
schemes, in their capacity as an aggregate measure of the "price" of healthcare
in the country for the indicated period.

To assess the strength and direction of the relationships and the dependency
between health expenditure and its primary predictor — aggregate income, by
constructing a model of Current Health Expenditure with GDP as the
independent variable.

To assess the strength and direction of the dependencies between health
expenditure and the remaining factor variables by developing and interpreting
a multivariate model.




Scientific hypothesis — The dissertation aims to validate or reject:

Main Hypothesis: In the healthcare system of Bulgaria for the period 2000-2022,
there is a strongly pronounced process of real and nominal growth in Current Health
Expenditure, with this growth being statistically significantly and most closely linked
to the dynamics of aggregate income (GDP).

Sub-hypotheses:

1. The income elasticity of health expenditure in Bulgaria for the studied period
is greater than one, which characterizes healthcare as a "luxury good" within the
context of economic theory.

2. In addition to GDP, changes in the country's demographic structure and the
improvement of health outcome indicators have a statistically significant influence on
the dynamics of health expenditure.

3. Endogenous factors (internal to the healthcare system), such as resource
availability (physicians and nurses per 100,000 inhabitants and hospital beds per
100,000 inhabitants) and the structure of the healthcare system (hospital vs. outpatient
medical services), contribute to explaining the variation in health expenditure, but their
influence is weaker compared to exogenous macroeconomic and demographic factors.

The aim and the set tasks will be achieved through the application of modern
econometric analysis methods, taking into account the specificities of regression and
correlation analysis applied to time series, as presented in the next chapter.




MATERIALS AND METHODS

1. Materials

The material forming the basis of this dissertation research comprises specific
data, grouped into variables of a socio-economic and health nature for Bulgaria for the
period after 2000. The selection of variables is consistent with those used in previous
studies on the topic.

Specifically, the indicators are classified into the following groups:

o Health expenditure measures (data from the System of Health Accounts are

utilized):

o0 Total (aggregate) Current Health Expenditure (CHE) — the sum of all
current expenditures incurred by economic agents in the healthcare sector
over a period of one year (health expenditure);

0 Health expenditure by financing schemes:

* Government health expenditure — expenditures under the "Healthcare"
function funded by the state budget;

= Social health insurance expenditure — expenditures of the NHIF;

* Voluntary health insurance expenditure — expenditures by insurers for
the settlement of claims for health risk protection;

= Enterprise health expenditure;

* Direct patient payments (Out-of-pocket payments — OOPs).

e Aggregate income measures — nominal GDP, GDP at constant 2022 prices
per capita, GDP at Purchasing Power Parity (PPP) per capita;

e Indicators of state participation in financing and in the process of health
service provision — the ratio of beds in state and municipal hospitals to beds in
private hospitals, and the ratio of public health expenditure to private health
expenditure;

o For the structure of the healthcare system — the ratio of hospital (inpatient)
to outpatient/ambulatory health expenditure;

e For resources — practicing physicians and nurses, and the number of hospital
beds, standardized per 100,000 inhabitants;

e For the age structure of the population — dependency ratio, percentage share
of the population aged over 65 years;

e For overall efficiency and quality of medical care — indicators from the
group assessing population health status, specifically: infant mortality per
1,000 live births, and general mortality per 100,000 inhabitants;
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¢ For the impact of air pollution — carbon dioxide emissions per capita.

The indicators listed above serve as independent variables (excluding, naturally,

health expenditure itself). In turn, within the developed and estimated models, health

expenditure functions as the dependent variable.

2. Methods

By its nature, the dissertation research is based on the methods of econometric

time series analysis. The empirical properties of health expenditure and its primary

predictor, GDP, are examined using measures of central tendency (arithmetic mean,

median) and dispersion (standard deviation, coefficient of variation, and range). The

stability of the time series is also subject to evaluation, with tests applied to detect

observations indicating the presence of structural breaks in their evolutionary

trajectory.

The modelling of health expenditure is performed via univariate and multivariate

regression analysis, applied using the Ordinary Least Squares (OLS) and Generalized

Least Squares (GLS) methods. Post-estimation model diagnostic tests were conducted,

including tests for serial autocorrelation, heteroscedasticity, and multicollinearity.

Specifically, the applied methods of econometric analysis can be listed as follows:

Regression analysis using the Ordinary Least Squares (OLS) method;
Tests for time series stability (Chow test, Supremum Wald test);

Test for the presence of serial autocorrelation (Durbin-Watson statistic);
Regression analysis using the Generalized Least Squares (GLS) method
(Prais—Winsten regression);

Procedure for correcting serial autocorrelation (Cochrane-Orcutt
regression);

Test for heteroscedasticity (Breusch—Pagan test);

Test for normal distribution (Shapiro—Wilk W test);

Test for multicollinearity (Variance Inflation Factor);

The following graphical analysis approaches are applied to visualize processes

and phenomena:

Line charts;

Scatter plots;

Box plots;

Frequency histograms with a normal distribution curve;
Correlograms;

Cumulative sum (CUSUM) of residuals plots.
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The examination of development trends is carried out using trend models, as well
as chain and fixed-base indices. In this context, transformation of time series via first-
order differencing and one-year lagging is applied. Where necessary to modify the
functional form, logarithmic transformation of the initial time series values using the
natural logarithm is performed. In the case of missing values, the "Complete-case
analysis" method is applied.

For the processing, calculation, and analysis of the input data within the scope of
the dissertation research, the specialized statistical software StataNow 19.5 SE was
utilized.
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RESULTS
1. Empirical Characteristics of Total Current Health Expenditure.

In the present dissertation, a detailed analysis of the empirical characteristics of
Total Current Health Expenditure for the period 2000-2022 has been undertaken—i.e.,
following the introduction of the financing system based on a single public health
insurance fund. A methodological toolkit is applied, involving time series modelling
that accounts for their empirical specificities, primarily concerning their developmental
trajectory. It is necessary to note that since GDP is an aggregate magnitude, total health
expenditure possesses a similar characteristic; it is a composite variable, and logically,
all economic, social, and demographic processes and phenomena are reflected within
it. Inflationary processes and the volume of consumption of health goods emerged as
fundamental issues. The utilization of indicators such as total health expenditure or its
elements by financing schemes at prices of a specific base year within the models
"clears" the impact of inflationary processes, thereby providing a representation of real
expenditure.

Therefore, the first scope of research tasks is based on analyses of the behavior of
health expenditure and GDP in their various dimensions — at current prices, per capita,
at prices of a specific year, and at Purchasing Power Parity (PPP).

The empirical characteristics of the already constructed time series are studied
and analyzed in the following directions:

a) Descriptive statistics indicators — for central tendency and dispersion;

b) Indicators for studying development trends — chain and fixed-base indices,
estimation of models with time as the independent variable;

c) Stationarity of the time series;

d) Structural changes in the developmental trajectory of the series.

1.1. Behavior and Dynamics of Total Health Expenditure

Total Current Health Expenditure after 2000 exhibits an almost invariably upward
trend of development.
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Fig. 1. Current Health Expenditure for the period 2000-2022.

The only exception to this is 2013, during which a slight decrease of 5.7%
compared to the previous year is observed. After 2013, the slope of the line in Figure
1 is visibly steeper, which suggests the presence of relatively higher annual growth
rates. An interesting fact is the presence of a new, quite clearly visible increase after
2019; in this sub-period, growth rates reach their highest values. The annual growth

rates can be seen in Figure 2.
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Fig. 2. Chain indices of Current Health Expenditure for the period 2000—2022.
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The average annual chain index of health expenditure is 10.02%. Negative growth
is detected only in the observation for 2013. The first index, that for 2001, has an
extremely high value of nearly 30%. The explanation for this fact lies in the launch and
initial development of the insurance system, which had to rapidly respond to the
reformed healthcare sector's need for monetary resources. The other extreme value in
the series of chain indices is for 2013 — 5.72%. Figure 3 illustrates the extreme values
of the obtained chain indices.

301 02001

20

02013

Fig. 3. Median, range, interquartile range, and extreme values of the chain indices
of health expenditure.

Another higher level of the index is observed for 2020. One explanation for this
fact 1s attributed to the onset of the COVID-19 pandemic. It is no coincidence that the
relatively highest chain indices of total health expenditure are found in the following
few years as well. In the final year, 2022, there is a significant drop in the expenditure
index, with its level falling below the average annual value. Visibly, the fact that the
time series of chain indices lacks a development trend is notable. The reason lies in the
calculation rule for indices, as they are derived from first-order differences. It is highly
probable that first-order differences also do not contain a trend.

The dynamics of fixed-base indices (base year 2000) closely follow the behavior
of the absolute amount of health expenditure. Figure 4 presents the line chart of the
fixed-base indices of Total Current Health Expenditure.
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Fig. 4. Fixed-base indices of Total Current Health Expenditure.

Their developmental trajectory reaches 684.35% in 2022. The index at the end of
the period is quite high, and for its more precise interpretation, the influence of
numerous factors must be taken into account. Part of these are due to the very nature
of healthcare development following reforms towards its liberalization; such factors
include the growth in employment and investments in the sector. In addition to these,
inflation also has a significant impact.

1.2. Real Growth of Health Expenditure

However, it is necessary to take into account the fact that the above calculations
are based on observations of nominal values. These observations are exposed to the
effect of inflationary processes. For the purpose of a deep analysis of health
expenditure dynamics, a distinction between nominal and real growth has been
performed.

Two approaches are utilized in the dissertation: deflating via the general
Consumer Price Index (CPI) and analysis at comparable prices specific to the sector.
After calculating the CPI based on NSI data, the value of 1 BGN from 2000 was
derived, which equals 2.47 BGN in 2022. This corresponds to a growth index of 147%.
The difference between the inflation rate up to 2022 and the fixed-base growth rate of
health expenditure in the same year is, in fact, a generalized quantitative assessment of
the joint action of all factors — endogenous and exogenous. This difference is 537.35%.
It is evident that inflationary processes, taken into account via the CPI, do not have a
substantial effect on aggregate current health expenditure.
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Assuming the fixed-base index at the end of the period as the estimate for nominal
growth, and the cumulative CPI up to the same year as the estimate for inflation, then,
using the real interest rate relationship, well known as the Fisher effect, the real growth
rate of health expenditure for 2022 was determined to be 217.6%:

The study notes that this index is not a comprehensive measure of inflation across
the entire economy or within a specific sector such as healthcare. Therefore, a second
approach for estimating the real growth of health expenditure was utilized, consisting
of expenditure observations at prices of a specific year selected as the base. Such data
are provided by the WHO and facilitate a significantly more accurate assessment, as
they account for inflation characteristic solely of the sector (Figure 5).
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Fig. 5. Total Current Health Expenditure at 2022 prices.

In 2000, Total Current Health Expenditure amounted to 4.82 billion BGN at 2022
prices. This means that for the entire period, inflation in healthcare amounted to 1.939,
or 193.9%, given an expenditure volume in 2000 of 1.64 billion BGN at current prices.
Evidently, inflationary processes have affected healthcare to a greater degree compared
to the rise in prices of goods in the so-called consumer basket, which underpin the CPI.
Since expenditure at comparable 2022 prices grows from 4.82 billion BGN in 2000 to
12.29 billion BGN, the real growth of the product in the sector amounts to 154.98%.
With these approximately 155%, the real productivity of the healthcare sector grew

over the period 2000-2022.
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1.3. Frequency Distribution, Measures of Central Tendency, and Dispersion
of Health Expenditure

The subsequent indicators examined are those concerning the type of distribution,
measures of central tendency, and dispersion.

The distribution of the observed values of Total Current Health Expenditure is
close to normal. This result is confirmed by the Shapiro-Wilk test (W = 0,943; p-value
> 0,05). Figures 6 and 7 display the histogram and the plot of empirical quantiles
against the quantiles of normally distributed data (normal probability plot).
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Number of observations”

Health expenditure, billion BGN
Fig. 6. Histogram of health expenditure.

It 1s evident that the largest number of observations, 9 (39.1%), are concentrated
in the interval from 4.44 billion BGN to 7.25 billion BGN. Within wider limits, from
4.44 billion BGN to 10.1 billion BGN, the frequency is 19 (82.6%). The normal

probability plot also indicates that the empirical distribution of health expenditure is
close to normal.
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Fig. 7. Normal probability plot of health expenditure.
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The dispersion around the straight line is not significant, which indicates that the
distribution of health expenditure is close to normal. This fact in itself is favorable and
desirable from the perspective of the requirements for applying the Ordinary Least
Squares (OLS) method. Table 1 presents the data from the descriptive statistics of Total
Current Health Expenditure.

Table 1. Measures of central tendency and dispersion of Total Current Health
Expenditure.

Indicator Value
Arithmetic Mean, billion BGN 5.845
Median, billion BGN 5.762
Standard Deviation, billion BGN 3.059
Range, billion BGN 11.221
Minimum, billion BGN 1.64
Maximum, billion BGN 12.86
Coefficient of Variation 0.523

The close values of the arithmetic mean and the median lead to the conclusion
that the distribution of expenditure is close to normal. There is considerable dispersion;
the coefficient of variation, defined as the ratio of the standard deviation to the mean,
is high at 0.523. The ratio of the range to the mean is also around the same value. The
presence of significant dispersion is a distinctive feature of the initial period of rapid
growth in the absolute amount of funds spent on healthcare in the country.

1.4. Linear Time (Trend) Model of Health Expenditure

The time model of health expenditure, representing a univariate function with
time ($t$) as the independent variable, was also analyzed. The regression estimation of
this model allows for a better explanation of the behavior of the dependent variable —
in this case, health expenditure — given the existing observations (Table 2). The
analytical form of the linear time model of health expenditure is as follows:

CHE = Bo + B1 . t + e:, where: (1)
CHE — Total Current Health Expenditure (health expenditure);

Bo — intercept (constant);

B1 — slope (regression) coefficient;

t —time;

e: — model residuals.

18



Table 2. Regression analysis estimates of the health expenditure trend model.

Source SS df MS Number of obs =23
F(1,21) = 280,67
Model 1,9156e+20 1 1,9156e+20 Prob > F = 0,0000
Residual 1,4333e+19 21 6.8251c+17 | R-squared =0,9304
Adj R-squared = 0,9271
Total 2,0590e+20 22 9,3589¢+18 | Root MSE = 8,3e+08
CHE Coefficient Std. err. t P>t [95% conf. interval]
t 4,35e+08 2,60e+07 16,75 0,000 3,81e+08 4,89¢+08
_cons -8,69¢e+11 5,22e+10 -16,64 0,000 - | -7,60et11 9,78e+11

Figure 1 illustrates a clearly pronounced upward trend in health expenditure;
therefore, it is entirely expected that the time model possesses statistically significant
power. This is further confirmed by the very high coefficient of determination of 0.93
(F p-value < 0.05). In other words, when health expenditure is made dependent solely
on the factor of "time," 93% of its variance can be explained by temporal changes.
According to the value of the regression coefficient, it can be concluded that for every
one-year change in the time factor, health expenditure responds with an increase of 435
million BGN. Typically, economic time series contain a trend that acts as a source of
autocorrelation. This "automatically" renders their time models significant.
Overcoming this autocorrelation may reveal completely different coefficients of
determination and slope.

It was addressed using Pearson correlation coefficients by constructing new, time-
lagged series. In this instance, the Box-Pierce Q statistic was applied for the
quantitative assessment of the degree of autocorrelation. Figure 8 displays the
correlogram, which includes the levels of the autocorrelation coefficients and their
confidence intervals.
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Fig. 8. Correlogram of health expenditure.

The figure indicates the presence of significant autocorrelation in health
expenditure. The autocorrelation coefficients become insignificant at the sixth lag.

The residuals of the linear trend model are also autocorrelated (serial
autocorrelation is observed). This is recognized as a precondition for obtaining inflated
model estimates (spurious regressions). Figure 9 presents the correlogram of the
residuals e from Equation (1).
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Fig. 9. Autocorrelation coefficients of the residuals
of the health expenditure trend model.

It is observed that there is a statistically significant estimate of the autocorrelation
coefficient at the first lag of the residuals. This is attributed to the analogous
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autocorrelation of the original observations of Total Current Health Expenditure. The
same is demonstrated using the Durbin-Watson statistic (d-statistic). In this case, for
the expenditure trend model, the Durbin-Watson statistic—given 2 degrees of freedom
and 23 observations—assumes an empirical value of 0.315, against critical values di =
1,168 u dy, = 1,543. Since the empirical statistic is lower than the critical lower bound
of the test, it is concluded that positive serial autocorrelation is present.

1.5. Sructural Changesin the Trajectory of Health Expenditure

Another interesting issue addressed in the dissertation is the presence of structural
changes over time - i.¢., a statistically significant shift in the alignment of the dependent
variable relative to the factor variable, deviating from the existing trend.

However, in order to find statistically reliable evidence of a structural change in
the trajectory of health expenditure before and after the onset of the pandemic, a greater
number of observations following its subsidence are required.

The study of structural changes complements the analysis of the empirical
relationship between the dependent and independent variables. Structural changes are
a precondition for instability of the regression coefficient and the intercept (constant).
The sum of squared residuals 1s used as a criterion for assessing the explanatory power
of the models. The Gregory Chow test for detecting a structural break date is built upon
this concept. Testing the hypothesis for structural changes is performed using the F-
distribution:

(RSSp,—RSSa — RSSp)/k

F(k, n— Zk) = (RSS4 + RSSg)/(n—-2.k) "’

where: (2)

RSS,, — sum of squared residuals of the general (pooled) model;

RSS, — sum of squared residuals of the model with data up to the date of structural
change;

RSSg — sum of squared residuals of the model with data after the date of structural
change;

k — number of parameters included in the model;

n —number of observations.

The critical value of the test is obtained from the F-distribution table with degrees
of freedom dF1 =k u dF2 = (n — 2.k). When the empirical value of the test is greater
than the critical value, the null hypothesis of the absence of a structural change is
rejected, and the alternative hypothesis of the presence of such a change in the
respective year is accepted.
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Applying the Chow test for the assumed ex-ante year of 2013, after which a faster
rate of expenditure growth is visible, yields the following result:

(1,4333.10%° — 3,417.10"7 — 4,7196.10'8)/2 74
(3,417.10V7 + 4,7196.1018)/(23 —2.2)

F(2,19) =

Given the critical value for degrees of freedom 2 and 19, the null hypothesis of
the absence of a structural change commencing in 2013 in the developmental trajectory
of the time series of Total Current Health Expenditure is rejected.

In the dissertation, the hypothesis of a structural change is also tested using an
alternative to the Chow test—the Wald statistic. This test is based on the maximum
likelihood method and the y? distribution. The null hypothesis of no structural changes
is rejected if the significance level of the estimate from the conducted test is below
0.05, the specified a-error. Applying the test in its two variants yields the results
summarized in Tables 3 and 4.

Table 3. Wald test results for two parameters and a specified date of 2013

Wald test for a structural break: Known break date
Sample: 2000 thru 2022
Break date: 2013

HO: No structural break
Number of obs = 23
chi2(2) = 34.8050

Prob > chi2 = 0.0000

Exogenous variables: t

Coefficients included in test: t cons

The significance level of the estimate is below 0.05; therefore, the hypothesis of
the absence of a significant change in the behavior of health expenditure before and
after 2013 is rejected. Evidently, after the indicated year, the clearly pronounced
acceleration in the rates of health expenditure finds quantitative confirmation as well.
The same test, but conducted under the condition of an unknown ex-ante date and with
a single parameter—the coefficient of the independent variable—indicates 2019 as the
date of structural change.
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Table 4. Wald test results for a single parameter and an unknown date of significant
change.

Test for a structural break: Unknown break date
Full sample: 2000 thru 2022

Trimmed sample: 2004 thru 2019

Estimated break date: 2019

HO: No structural break

Number of obs = 23

Test Statistic  p-value

Supremum Wald: 20.3527 0.0002

Exogenous variables: t

Coefficients included in test: t

In this execution variant, the test indicates 2019 as a probable date of a significant
change in the trajectory of the series. Evidently, two years emerge as possible periods
of significant changes in the level of health expenditure. Since the direction of
development is upward for the entire period, the growth rates of health expenditure
after 2013 and after 2019 are relatively higher compared to the preceding sub-periods,
2000-2012 and 2013-2018. Overall, the coefficients (the intercept and the slope
coefficient) in the time regression model of Total Current Health Expenditure are
unstable over time. This empirically proven fact is an illustration of the "turbulent"
initial development of the country's health system following the transition to
predominantly insurance-based financing with quite open, retrospective payment
systems.

2. Empirical Characteristics of Public Health Expenditure

A distinctive feature of modern healthcare is the significant and dominant share
of public financing. The reasons for this can be summarized mainly in two directions
— creating prerequisites for system integration, which in turn facilitates effective
control on the one hand, and on the other, achieving higher cost coverage and
accessibility for users of health services. Public financing has become a key instrument
of health policy. A very important prerequisite for the existence of public financing,
and for state participation in general, is the existence of market failures in the
"Healthcare" sector. This prerequisite is of a fundamental nature and turns state
participation into a necessity, unlike in other sectors..
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2.1. Behavior of Public Health Expenditure. Real Growth Rate.

The analysis of the public sector in healthcare reveals that it is a major driver of
the overall dynamics of health expenditure in Bulgaria. Public health expenditure itself,
classified by financing schemes or sources, is generally divided into government health
insurance and medical savings accounts (NHIF budget). The line chart of Total Public
Health Expenditure can be seen in Figure 10. In the study of this factor, the methods
already demonstrated above were utilized: graphical analysis, a chain index (Figure
11), construction of a fixed-base index (Figure 12), deflating nominal values to "strip"
the nominal data of the inflation effect, applying the Fisher effect to calculate the real
growth rate based on the nominal rate and inflation (measured via CPI), and analysis

at constant 2022 prices (Figure 13)..
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Fig. 13. Fixed-base indices of the development of Total Public Health Expenditure
and its components by financing schemes.

From the presented data, a transitional period up to 2003 is clearly observed,
during which budget financing was dominant, followed by a structural change. After
this date, payments by the NHIF assumed the leading role, marking an extremely high

nominal growth of 4,825% and a real growth of 1,576%.
In contrast, government expenditure follows a more conservative trajectory—

characterized by a downward trend after the initial few years when government
spending compensated for the early years of the NHIF's introduction. Nevertheless, a
structural upward shift is observed after 2019, which is directly linked to government
spending on addressing the COVID-19 pandemic. When applying the PPP model, a
negative growth of —3.07% is even recorded at the end of the period relative to its

beginning.
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As a result of the interaction between these two components, characterized by
different logic and dynamics, the total growth of public health expenditure for the
period 2000-2022 amounts to the following: 18.51% according to the chain index,
1,576.49% in nominal values, and 184.46% in real growth after applying the "Fisher
effect" model.

This expansive growth is a direct consequence of the shift in the financial
paradigm and the functioning of the contributory fund, which utilizes primarily open-
ended, retrospective payment systems. This stimulates productivity in the sector and
leads to a continuous expansion of cost coverage—the inclusion of new activities,
clinical pathways, and medications covered by the positive drug list.

2.2.  Weight and Descriptive Satistics I ndicator s of Public Health Expenditure

The dissertation performs a multifaceted analysis of the weight and characteristics
of public health expenditure, applying methods of descriptive statistics, relative weight

analysis, and tests for normality of distribution.
The share of public health expenditure within the total indicates the contribution

of state institutions to the functioning of the system in its current form—with the
existing number of providers, capacity, human resources, accessibility, etc. Based on
the magnitude of this share, it can be concluded whether and to what extent the state
acts as a driver of health expenditure. Figure 14 presents the dynamics of the share of
Total Public Expenditure, insurance payments, and government expenditure within
Total Current Health Expenditure.
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Fig. 14. Share of public health expenditure and its components by financing schemes
in Total Current Health Expenditure.
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The average share of public health expenditure for the entire period is 58%,
fluctuating between 51% and 65%. For a prolonged period from 2004 to 2019, it
remained consistently below 60%. With the onset of the pandemic (2020), the weight
of public resources settled above this threshold. The minimum share was observed in
2012, and the maximum in 202 1—at the height of the COVID-19 pandemic. The share
of public health expenditure is not characterized by significant fluctuations. This is
confirmed by the low coefficient of variation; the ratio of the standard deviation to the
mean is 0.057, and the range of the time series of public expenditure weights is 13.94%.
However, the analysis of the relative weights of its components reveals a fundamental
transformation after 2003—the share of social insurance payments (NHIF) grew
expansively to over 50%, while the share of government financing decreased and
stabilized at levels around 10% in the years prior to the pandemic.

Regarding the fiscal burden, the analysis of the dynamics of the relative share
within the expenditures of the Consolidated Fiscal Programme indicates a sustained
increase. Figure 15 presents the time series of the share of public health expenditure
within the state budget expenditures on a consolidated basis. The share of public
expenditure starts at 8.7% in 2000 and reaches 12.4% in 2022.
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Fig. 15. Share of public health expenditure in the expenditures
of the Consolidated Fiscal Programme.

For the entire period, the average share of health expenditure in the consolidated
state budget is 11.33%. The share of public health expenditure is one of the largest on
a consolidated basis. Structurally, it ranks third—following Function "V. Social
Security, Assistance and Care" with a 34.5% share, and Function "VIII. Economic
Activities and Services" with a 14% share.
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Another perspective on the relative magnitude of public health expenditure and
its burden on tax and social insurance payers is its share of GDP. This indicator is the
most relevant regarding the burden of public health expenditure because newly created
income, measured by GDP, is the ultimate source of funds for the revenue side of the
consolidated state budget and, consequently, for public sector spending. Here, too, a
steady increase is observed, from 3.5% at the beginning to 4.9% at the end of the
period, reaching a peak of 5.6% in 2021 (Fig. 16).
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Fig. 16. Share of public health expenditure in GDP.

This trend is definitive proof of the growing economic significance and burden
of publicly financed healthcare. It is evident that within the period following the
introduction of contributory social insurance financing in the sector, a well-pronounced
trend of an increasing burden of public health expenditure 1s observed. This process is
even more pronounced during the COVID-19 pandemic period. However, even if the
values up to 2007 and those of the last three pandemic years are disregarded, a clear
growth from 3.45% to 4.3% is still visible.

The Shapiro-Wilk test was applied to verify the statistical distribution. It
indicates that while Total Public and Government expenditure do not follow a normal
distribution, the time series of social insurance payments is close to normal (p>0.05),
which is significant for the selection of subsequent econometric procedures (Table 5).
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Table 5. Results of the Shapiro-Wilk test for normal distribution of public health
expenditure values.

Shapiro—Wilk W test for normal data

Variable w A% z Prob>z
GOV 0.64434 9.303 4.535 0.00000
CHIS 0.95077 1.288 0.514 0.30357
PUBS 0.90095 2.591 1.936 0.02645

2.3. Trend Models of Public Health Expenditure

Adhering to consistency with the analysis of Total Current Health Expenditure
and to create conditions for coherence and reliable comparisons, a linear equation is
again estimated with a single independent variable-time and Total Public Expenditure
as the dependent variable. The regression models of the absolute values of Total Public,
Government, and Insurance expenditure exhibit high and statistically significant
coefficients of determination (R?). A subsequent assessment of the models for serial
autocorrelation and heteroscedasticity of the residuals is also conducted. Table 6
presents the estimates of the trend models of public health expenditure.

Table 6. Regression estimates of the linear time functions of public expenditure.

Coefficient of Sum of
: : Number of oL Constant Slope
Time Series . Determination . Squared
Observations (Intercept) | Coefficient .
(p-value) Residuals
Total Public 0.877
Health 23 ’ -5.44e+11 | 2.72e+08 | 1.0499¢+19
_ (0,000)
Expenditure
Government 0.293
Health 23 ’ -6.41e+10 | 3.23e+07 | 2.5495¢+18
_ (0,001)
Expenditure
I 482
nourance 23 0,948 4.80e+11 | 2.40e+08 | 3.1854+18
Payments (0,000)

As expected, all three regression models are subject to strong positive serial
autocorrelation. This is most pronounced in the case of Total Public Expenditure. In its
trend model, the value of the Durbin-Watson statistic is the lowest and close to zero
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(Durbin—Watson d-statistic (2, 23) = 0,247). In the models for government and
insurance payments, the empirical values of the test are 0.385 and 0.405, respectively.

Consequently, an alternative approach was adopted—modeling the chain indices
(first-order differences). The results yielded are fundamentally different: time acts as a
statistically insignificant predictor for the annual changes in Total Public and
Government expenditure. These models prove to be technically sound, as the applied
Durbin-Watson and Breusch-Pagan tests confirm the absence of serial autocorrelation
and heteroscedasticity, validating the conclusion regarding the absence of a simple
linear trend in their annual growth (Table 7).

Table 7. Regression estimates of the linear time functions of the chain indices of public

expenditure.
Time Series Number of | Coefficient of | Constant Slope Sum of
(Chain Indices) | Observations | Determination | (Intercept) | Coefficient Squared
(p-value) Residuals
Total Public 0.011
Health 22 (O’ 64) 204,65 -0,097 741,16
Expenditure ’
Government 0.125
Health 22 (0’106) -1 972,43 0,982 5954,15
Expenditure ’
Insurance 0,307
Payments 22 (0.007) 2 535,28 -1,253 3 136,92

2.4. Sructural Changesin the Time Series of Public Health Expenditur

The in-depth econometric analysis includes a verification of the structural stability
of the time models of public expenditure via two different approaches. First, the Wald
test 1s applied to identify the date of structural change.

Evidently, the trend model is generally characterized by unstable estimates of the
regression coefficient, outlining two sub-periods: up to 2019 and thereafter. This effect
on the behavior and dynamics of government financing in the sector is undoubtedly
marked by the government's force majeure commitments. Regarding insurance
payments to healthcare providers and the reimbursement of medicinal products, similar
dependencies are detected, at least concerning the year prior to the onset of the
pandemic (Supremum Wald p-value < 0,05). After 2015, a higher growth rate of health
insurance expenditure is observed compared to previous years. The same year indicates
the presence of a structural change with a test significance level below 0.05.

The presented results, however, contradict another econometric method—the
graphical method using the cumulative sum of residuals (CUSUM). This method tests
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the hypothesis of the stability of the regression coefficient estimate over time; in
practice, whether the functional form and predictors used withstand changes over time.
This verification is performed by testing the hypothesis of whether the sum of the
model's residuals has a mean equal to zero or if it significantly differs from zero. In all
three trend models of public health expenditure, the test statistics obtained are below
the critical levels for a-error levels of 1 %, 5 % u 10 %. The lines of the cumulative
sum of residuals for the models and their confidence intervals can be seen in Figures
17a, 17b, and 17c.
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Figures17a, 17b, and 17c. Cumulative sum of residuals of the time models
of public health expenditure (red line) and confidence intervals (gray area).

The figure clearly shows that the line of the cumulative sum of residuals does not
deviate beyond the confidence limits for any of the observations. Consequently, the
hypothesis of stability cannot be rejected. In other words, for all three models of public
health expenditure, there are no years of significant, abrupt changes.

In the present dissertation, it is assumed that these contradictory results are
attributable to the very high baseline growth rate, which masks the effect of individual
accelerations. Consequently, it is concluded that dramatic structural changes are absent
from the dynamics of public expenditure; instead, periods of intensive growth are
observed within the framework of an overall stable upward trend.

3. Empirical Characteristics of Private Health Expenditure

In this part of the dissertation, the focus is on the empirical characteristics of
private health expenditure, the sources of which are the budgets of private entities
(households and enterprises). Within the group of private financing schemes, direct
payments (out-of-pocket) and payments by insurers on claimed policies for health risk
coverage (voluntary health insurance) have a significant effect on total health
expenditure. There are several other types of private health expenditure schemes, such
as those for medical savings accounts and direct health expenditure by enterprises, but
generally, they do not find application in the EU or on the continent in general.
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3.1. Weight and Behavior of Private Health Expenditure. Real Growth Rate.

Through an analysis of relative weights, it has been established that the share of
private health expenditure within Total Current Health Expenditure accounts for a
significant 30-40% (averaging 41.5%) annually (Figure 18). These expenditures
constitute a substantial portion of the overall financing, being comprised almost
entirely of direct patient payments (98-99%) (Figure 19).
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Expenditure on voluntary health insurance is characterized by the fastest-growing
share within total private expenditure, but it remains at a very low level. Its share is
around and below 2%, which is significantly lower compared to that of the OECD and
EU countries.

The analysis of the time series reveals a key divergence between nominal and real
growth. While nominal values, assessed via fixed-base and chain indices, show an
almost continuous upward trend, real expenditure, calculated through analysis at
constant (comparable) 2022 prices, demonstrates a different trajectory: a very rapid
increase until 2012, when their historical peak was reached, followed by a more
moderate dynamic with a second, lower peak in 2021. This very strong growth within
the first 12-year sub-period is due to the rapid increase in the volume of services and
medicinal products paid for by patients and insurers. The second peak in total private
health expenditure in 2021, amounting to BGN 4.82 billion, is likely a result of the
additional consumption stemming from the efforts of not only the state and health
authorities but also private consumers to overcome the consequences of the COVID-
19 pandemic. Ultimately, over the entire period, the real increase in total private health
expenditure assumed the not-so-low level of 137.61%; for out-of-pocket payments, this
measure is 131.94%, and for voluntary health insurance, it is 54.28%.

3.2. Empirical Distribution of Private Health Expenditure

The conducted Shapiro-Wilk test indicates that out-of-pocket payments and total
private health expenditure follow a distribution close to normal (p-value > 0.05). The
latter result can be assessed as favorable from the perspective of applying parametric
tests to detect relationships and dependencies involving the mentioned variables.
However, this statement does not hold true for voluntary health insurance (Table 8).

Table 8. Results of the Shapiro-W Ik test for normal distribution of the values of private
health expenditure.

Shapiro—Wilk W test for normal data

Variable Obs W \Y z Prob>z
VHIS 22 0.88983 2.791 2.081 0.01870
OOPS 23 0.96285 0.972 -0.058 0.52321
PRHE 23 0.96327 0.961 -0.081 0.53236
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3.3. Trend Models and Structural Changes of Private Health Expenditure

Applying the toolkit of classical regression analysis, the estimates for the slope
coefficients of the time models can be obtained. These, in turn, are results that
supplement the picture of the analysis of the empirical characteristics and the behavior
of private health expenditure. The simplest interpretation of this approach can be
achieved by applying the linear functional form. In fact, it is quite suitable for studying
the dynamics of health expenditure, as their scatter diagrams, which are entirely
identical to the linear figures above, show very little deviation around a hypothetical
straight line with a significant positive slope. The estimates of the linear time models
for the individual components of private health expenditure and its total magnitude are
presented in the following table.

Table 9. Regression estimates of the trend models of private health expenditure.

Slope Coefficient Coefficient of
Model (Significance 95% Confidence Interval | Determination
Level) (R2)
Voluntary Health 3598 480 .
Insurance Expenditure (0,000) 2958 981:4 237 979] 0.8732
Out-of-Pocket Payments 1,56e+08
+08; +
(OOPs) (0.000) [1,42e+08;1,69¢+08] 0,9633
Total Private Health 1,60e+08
b _l_ . +
Expenditure (PRHE) (0,000) [1,46e+08;1,74¢+08] 0,9646

The coefficients of determination are quite high, especially for direct payments
(OOPs) and for total private expenditure. The reason for this lies primarily in the
presence of serial autocorrelation (Table 10), which, in this case, leads to an
overestimation of the regression dependence. For all three models, the empirical values
of the Durbin-Watson statistics are much smaller than 2, leading to the conclusion that
strong positive autocorrelation of the residuals is present.

Table 10. Empirical values of the tests for serial autocorrelation and heteroscedasticity.

Model Durbin-Watson Breusch—Pagan
Volunta'ry Health Insurance 0.342 5,61
Expenditure ’ (0,0179)
Out-of-Pocket Payments 0.969 4,88
(OOPs) ’ (0,0272)
Total Pr‘ivate Health 0.95 4,95
Expenditure (PRHE) ’ (0,0260)
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Furthermore, all three models are heteroscedastic — the significance level of the
Breusch—Pagan test statistic is smaller than the accepted level for a — error. The results
from Table 10 indicate that complete confidence in the regression estimates is not
justified.

The other direction of post-estimation evaluation of the models is related to the
temporal stability of the regression coefficient and the intercept.

The time model of total private health expenditure has a structural break year of
2013 (Supremum Wald Statistic = 12,4476; p-value < 0,05). As expected, the out-of-
pocket payments series also shows a sharply defined upward trend after 2013, which
the Wald test suggests as the date of structural change (Supremum Wald Statistic =
11,7930; p-value < 0,05). Voluntary health insurance, however, presents a rather

different picture, with the year of the most sensitive change in the trajectory of the time
series being 2016 (chi2(1) = 5,6256; p-value < 0,05).

4. Empirical Characteristics of the Gross Domestic Product Time Series

In accordance with theoretical statements in health economics, which define GDP
as the most significant exogenous predictor of health expenditure, the present scientific
work also investigates the empirical characteristics of this macroeconomic measure. It
must be emphasized that while the relationship between GDP and public health
expenditure has been studied domestically, the dependency concerning total current
health expenditure (CHE) in the post-2000 period remains unclear. Therefore, a
detailed analysis of GDP dynamics is performed as a necessary prerequisite for
subsequent univariate and multivariate modelling.

4.1. Behavior and Dynamics of Gross Domestic Product

Expectedly, the nominal GDP of the country exhibits a constant upward trend
throughout the observed period, growing at considerable rates. This expectation is
attributed to several fundamental factors. One is related to the fact that in the mid-
1990s, the country underwent the largest economic collapse in its recent history. The
economy went through a period of restructuring and a large-scale change in ownership
form from state to private, and in 2007, Bulgaria became a member of the European
Union. Of course, another factor that pushes the nominal values of GDP upwards is
inflation. It should be noted, however, that inflation rates after 2000 are relatively low;
there are even sub-periods of deflation or positive percentages close to zero. GDP per
capita, at the average exchange rate of the BGN to the US dollar, grows from 1 621 US
dollars in 2000 to 13 194 US dollars in 2022. Although the country's population
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decreased by about 15% during this period, the growth of the living standard indicator
appears impressive at 714% (Figure 20).

15000
12500
10000

7500

waTCKn aonapu Ha rnasa OoT HaceneHueTc

5000

2500

2021
2022

T

<o} (o2}

O O ¥ ¥ Y ¥ ¥ ¥ ¥ ¥ v +« N
o o o
N N N

2000
2001
2002
2003
2004
2005
2006
2007

Fig. 20. Dynamics of living standard in Bulgaria for the period 2000-2022.

The observation in Figure 20 allows for the definition of three sub-periods in the
development of the living standard: a very rapid increase from 2000 to 2008; an
intermediate sub-period from 2008-2015 with very weak and hesitant growth; and a
third sub-period (2015-2022) with growth rates even sharper than those of the first
decade. As noted, the process of population decrease over the last few decades has had
an effect on this growth, but it is much more modest than the development process of
GDP in all its dimensions. The growth in the living standard, influenced by GDP and
economic productivity, evidently created opportunities for health expenditure to
increase, allowing society to spend more on health goods. In conditions of a
conservative and temporally consistent fiscal policy, public revenues are expectedly
"following" closely the dynamics of the newly created income at the macroeconomic
level. Since it became clear that public health expenditure is the main driver of
aggregate health expenditure, aggregate income is logically perceived as the general
source of financial resources for health. This finding is an argument in favor of using
GDP and living standards in their various units of measure as the primary predictors of
health expenditure or certain elements thereof, classified by financing schemes.

Nominal GDP in national currency has similar dynamics to the measure of living
standard in US dollars. The three sub-periods, however, are not so clearly pronounced.
Another peculiarity is observed during the pandemic years. Growth in nominal GDP
appears to be most pronounced after 2020 (Figure 21).
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Fig. 21. Dynamics of nominal GDP in Bulgaria for the period 2000-2022.

The reason for the sharp upward rise in nominal GDP after 2020 lies in the nature
of the monetary and fiscal policies pursued in industrialized countries, as well as
domestically. This policy manifested in an increase in money supply, visible in the
expansion of the broad money aggregate, historically low interest rates, accompanied
by a process of rising public debt. This ultimately reflects in the growth of nominal
incomes, which is accounted for in current GDP. The consequences of expansive fiscal
policies were a major prerequisite for the increase in the average price level. This
occurred against the backdrop of limited growth in industrial production and
productivity, which also plays a pro-inflationary role.

To better understand the behavior of GDP, its development indices need to be
examined. Figure 22 presents the time series of the chain indices of nominal GDP. The
dynamics of GDP chain indices show several characteristic periods. Accelerated
growth is observed until 2007, followed by a sharp deceleration after the global
financial crisis. The decade up to 2019 is marked by significant fluctuations, and the
pandemic decline in 2020 is followed by compensatory growth, reaching a maximum
of 20.74%. For the entire period, the average level of the GDP chain index is 8.62%.
The dispersion of chain indices is quite large, with a range of 21.21% and a standard
deviation of 6.04%, close to the mean
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The study of changes in real terms provides a more complete picture, both of the
quantitative characteristics of GDP itself and of the actual rates of economic growth
and increase in the living standard of society. This is achieved by constructing a GDP

series at base year prices (Figure 23).
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Fig. 23. GDP at 2022 prices.

In the case of real GDP, three specific sub-periods characterized by the manner of
growth over time could also be delineated. The first is up to 2007, distinguished by
very rapid growth of 50.3%. Between 2008 and 2019, GDP growth is considerably
smaller (25.8%), even though the sub-period consists of 11 years. The third sub-period
is the shortest (3 years) but shows growth of 7.5%. If the indicated growth values are
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considered, the average annual growth values for the three sub-periods are: 7.18%;
2.15%; and 2.48%. Within the third sub-period, the most serious decline since 2000 is
observed. It occurred in 2020 compared to 2019 and amounted to -4%. This percentage
is a shock to the economy, but the decline was quickly overcome in the next two years,
resulting from the application of expansive fiscal policy, the rapid reaction of health
authorities, and good organization in controlling the epidemic. In a narrower economic
context, overcoming the pandemic is reflected in greater public expenditure, primarily
social and health expenditures.

4.2. Descriptive Satistics Indicatorsfor Nominal and Real GDP (at 2022 Prices)
Time Series.

Some key indicators for analyzing the dynamics of the GDP series in its various
dimensions have already been presented. This sub-paragraph systematizes the
remaining indicators from descriptive statistics, specifically for central tendency,
dispersion, and characteristics of the empirical distribution of the observations. The
average level for the entire period of GDP at current prices is BGN 79.6 billion, with a
standard deviation of BGN 36.3 billion (Table 11).

Table 11. Main measures of central tendency and dispersion of GDP at current prices
and at constant 2022 prices.

Indicator GDP at' Current GDP 2.1'[ 2022
Prices Prices
Arithmetic Mean, billion BGN 79,6 128
Standard Deviation, billion BGN 36,3 24
Maximum Value, billion BGN 168 168
Minimum Value, billion BGN 28,1 82,6
Range, billion BGN 139.9 85,4
Coefficient of Variation 0,456 0,188

GDP at current prices has much greater dispersion, which is due to the influence
of inflation, which is significant when accumulated over the 23-year period. GDP at
the prices of the last year is characterized by considerably smaller measures of
dispersion. Its coefficient of variation, for example, is more than twice as high as that
of nominal aggregate income. The difference in the mean values is a distinctive
assessment of the inflation accumulated over the years.
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The empirical distribution of both time series appears to be close to normal (Table 12).

Table 12. Results of the Shapiro-Wik test for checking the hypothesis of normal
distribution of GDP at current prices and at 2022 prices. Thisis a prerequisite for the
reliability of the mean and the standard deviation as measures of central tendency of
development and temporal instability.

) Number of
Variable o er. © W \"% z p-value
Observations
Nominal GDP 23 0,958 1,105 0,202 0,42
GDP at 2022 Prices. 23 0,958 1,240 0,437 0,331

4.3. Trend Models of GDP
Following the application of classical regression analysis using OLS on the linear
time models of GDP at current prices, at 2022 prices, and in US dollars per capita, the

estimates presented in Table 13 are obtained.

Table 13. Estimates of GDP models with time as the independent variable.

Breusch—

Model b R? RSS Durbin- Pagan test
(p-value) Watson

p-value

Nominal GDP in BGN 56(1)906 (;r 0(;9 0,94 1,7359e+21 0,547 0,0002
. : 447,65
GDP in USD per capita (0.000) 0,92 17 623 342,1 0,514 0,2092
_|_

GDP in BGN at 2022 prices 3&34500(;9 0,942 | 7,4076e+20 0,466 0,1532

Some important conclusions can be drawn from the data in the table. For every
one-unit change in the independent variable "time," nominal GDP responds with BGN
5.19 billion, while GDP at 2022 prices responds with BGN 3.44 billion. The difference
between the two slope coefficients is due to accumulated inflation. As for the living
standard indicator, it changes by $447.658 US dollars per capita for every one-year
change in time.

For all three models, the Durbin-Watson test is considerably lower than 2,
indicating the presence of positive serial autocorrelation.

The last column of Table 13 presents the significance level of the Breusch—Pagan
test for heteroscedasticity. Only the nominal GDP model in national currency has a
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significant y? test, and therefore the dependent variable is subject to heteroscedasticity.
The other models have a test significance level above 0.05 and are homoscedastic. If
the fact that significant serial autocorrelation exists is disregarded, then the results of
the regression analysis of the GDP time models could be viewed with confidence.

4.4. Sructural Changesin the GDP Time Series

To confirm whether there are substantial and statistically significant changes in
the development of the GDP time series in its various units of measure, it is necessary
to check the hypotheses for structural breaks with pre-assumed dates — 2008 and 2020
(Table 14).

Table 14. Results of the Wald test for structural break with two parameters (slope
coefficient and intercept) with a hypothetical date of 2008 and 15% trimming.

Model Observations | ¥ p-value
Nominal GDP in BGN 23 0,9104 0,6343
GDP in USD per capita 23 3,5866 0,1664
GDP in BGN at 2022 prices 23 31,6652 0,0000

Regarding the year 2008, the hypothesis of a structural change is not accepted for
the GDP series at current prices and in US dollars per capita (both measures are at
current prices for the respective year). Structural changes in the GDP series at 2022
prices are confirmed for the year 2008. The results of the conducted Wald test with a
hypothetical break date are presented in the following table.When conducting the test
without an ex-ante specified date and with a single parameter—the regression
coefficient—the hypothesis for a year with a structural change of 2019 for nominal
GDP is confirmed. This is actually the last year after trimming the first and last 3
observations (15%), which is the methodology of the Wald test (Table 15).

Table 15. Results of the Wald test with a single parameter (slope coefficient) without a
pre-specified hypothetical date and 15% trimming.

Estimated
Number of 2
Model . Structural X p-value
Observations
Break
Nominal GDP in BGN 2019
23 9,1245 0,0395
GDP in USD per capita 2013
23 16,6980 0,0011
GDP in BGN at 2022 prices
23 2005 1. 22,5056 0,0001
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Although the linear charts show that 2008 is a year with a structural change in the
development of the series, this fact is not unequivocally confirmed by the conducted
tests. Perhaps for GDP in national currency at 2022 prices, the second test shows a year
close to 2008 — 2005. It is notable that the GDP dimension normalized per capita has a
structural break date of 2013. The above results are also confirmed by the Chow test,
for which the test statistics are above the critical values for degrees of freedom df; =2
and df> = 19 from the F- distribution table.

The presence of structural changes in the development of the GDP time series is
a prerequisite for instability of the regression coefficient estimates over time. It is very
possible that similar instability will be found in health expenditure models involving
GDP in its various units of measure. The existence of similar instability in health
expenditure must also be taken into account.

5. Modelling of Total Health Expenditure (CHE) with Assessment of the Factor
Influence of Aggregate Income. Income Elasticity.

Among the numerous studies concerning the factor dependency and behavior of
aggregate health expenditure or its individual elements, it is clear that they react most
distinctly to changes in aggregate income. GDP, in its various dimensions, is adopted
as a proxy for aggregate income in many analyses on the topic. The approach for
selecting the unit of measurement for GDP and health expenditure is uniform and most
often oriented towards normalization per capita. Another important aspect is
accounting for the influence of inflation. The goal is to eliminate its effect; in other
words, the models include measures of the real consumption of health services and real
consumption in the economy, by constructing time series at constant prices in
healthcare.

5.1. Regression Models of Total Health Expenditure with GDP as an Independent
Variable.

Depending on the form of the data for the dependent and independent variables,
modelling can be performed based on the observations themselves in the respective
periods, on the one hand, and with their logarithmically transformed values (the natural
logarithm is used for this purpose), on the other. Logarithmic transformation makes it
possible to present the data on a more comparable scale. This is a useful step in cases
where the scale of the observed variables differs significantly. Logarithmic
transformation, which leads to a change in the functional form, is also cited as one of
the approaches for reducing the degree of heteroscedasticity in regression models.

The estimates of the regression models of total health expenditure with GDP at
current prices and at constant 2022 prices per capita as independent variables are
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presented in Table 16. These estimates provide a highly "optimistic" perspective of a
very strongly expressed and highly significant proportional dependence. The model at
current prices has a very high coefficient of determination, close to unity (R*>=0,9767;
p-value <0,05) and a Root Mean Squared Error 4,8e+08 BGN. For the same functional
form, but with observations at constant 2022 prices and normalized per capita, very
similar results are observed (R* = 0,935; p-value < 0,05 u MSE"1/2 = 98,34 BGN).

Table 16. Estimates of thelinear regression model of total health expenditurewith GDP
as a predictor in different dimensions.

Total Health Expenditure at Current Prices (in BGN)

. Standard || Significance [95 %-confidence
Estimate .
error level interval]
Intercept -7,87e+08 2,44¢+08 0,004 -1,30e+09 || -2,78e+08
Slope coefficient 0,0833 0,0028 0,000 0,0775 0,0891

Total Health Expenditure at 2022 Prices per Capita (in BGN).

Intercept -306,24 92,53 0,003 -498,66 | -113,81

Slope coefficient 0,09 0,0052 0,000 0,0792 0,1008
Total Health Expenditure per Capita at PPP

Intercept -179,72 49,87 0,002 -283,43 -76,01

Slope coefficient 0,0843 0,0028 0,000 0,0786 0,0901

It is evident that the slope coefficients are almost identical (0.083 and 0.09). From
the perspective of formulating general conclusions regarding the factor influence of
income, it is seemingly not of particular significance which of the two dimensions is
used.

In light of these results, the estimates of the model performed with data at PPP per
capita are of interest. Expectedly, this case also yields similar results for the
significance level of the model and the relationship between the outcome and
independent variables (R? = 0,978; p-value < 0,05 u MSE~1/2 = 95,32 BGN.). The
slope coefficient in the model using PPP per capita data (0,0843) is closer to that of the
model with nominal expenditure and GDP. The reason is that the unit of measure for
both models is "at current prices," meaning they are essentially performed with nominal
monetary values.
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Based on the levels of the slope coefficients in all three implementations of the
linear model of total health expenditure with GDP as a factor variable, it can generally
be assumed that, conditionally, for every one-unit change in income, expenditure will
respond with a change in the same direction of 0,083 to 0,09 units.

The income elasticity of total health expenditure is another popular measure of
GDP's impact. The value of this indicator is presented in virtually all studies on the
factor dependency of health expenditure. Elasticity is derived by adjusting the slope
coefficient with the ratio between the mean of GDP and the mean of health expenditure.
The elasticity levels for the three model implementations are as indicated in the
following table.

Table 17. Income elasticity coefficients of total health expenditure in different
dimensions,

Model Mean of Mean of Slope Income Elasticity
GDP Expenditure | Coefficient Coefficient
Nominal Values 7,96e+10 5,85¢+9 0,0833 1,133
Real Values per capita 17 423,75 1261,87 0,0900 1,243
PPP per capita 16 482,31 1210,44 0,0843 1,148

The last column of Table 17 shows that the income elasticity of total health
expenditure fluctuates between 1,13 and 1,24, with the two models using nominal
magnitudes once again "demonstrating" greater similarity. Ultimately, in all three
implementations of the linear model, elasticity coefficients greater than one are
observed, which indicates that for the period 2000-2022, health can be characterized
as a luxury good. Furthermore, for real values per capita, income elasticity is the
highest, which further reinforces the above conviction.

5.2. Diagnosis and Post-Estimation Evaluation of Total Health Expenditure
Models with GDP as an Independent Variable.

The estimates for the linear regression model of total health expenditure with GDP
as an independent variable in the applied dimensions were obtained using OLS. This
makes their reliability vulnerable due to the presence of heteroscedasticity and serial
autocorrelation. This necessitates that the post-estimation evaluation of the model be
conducted along the lines of establishing heteroscedasticity and serial autocorrelation.
Where they are present, the necessary efforts were applied to transform the original
model in the direction of overcoming them and obtaining new, more reliable estimates.
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The variance of the residuals of the model in nominal values with respect to the
predicted health expenditure and with respect to GDP is not constant (y*> = 6,2; p-value
< 0,05). This result leads to the rejection of the homoscedasticity hypothesis and casts
doubt on the reliability of the obtained estimate. Furthermore, the test for serial
autocorrelation neither confirms nor categorically rejects its presence (D-W = 1,338
npu dL = 1,257; dU = 1,437). On the other hand, the analogous Breusch-Godfrey test
for serial autocorrelation rejects its existence (y~ = 2,498; p-value > 0,05).

Changing the functional form of the model by logarithmically transforming the
nominal observations of health expenditure and GDP now indicates homoscedasticity
(x> = 0,11; p-value > 0,05). The slope coefficient is close to that of the factually
observed values at 1,118 (p-value < 0,05). It shows that for a one-unit change in the
logarithmic value of GDP, the logarithmic total health expenditure responds with a
change of 1,118 units. The coefficient of determination of the logarithmic model is high
at 0,984. At the same time, however, the model is subject to strong positive serial
autocorrelation (D-W = 1,051 npu dL = 1,257; dU = 1,437), koeTo npaBu OLIECHKUTE My
Henazexauu. IsBno MHK ce oka3Ba He Haii-100pusi METO/I 32 TeHEpUpPAaHE HA OLIEHKUTE
Ha Mozena. which makes its estimates unreliable. Evidently, OLS proves not to be the
best method for generating model estimates. By using Prais—Winsten regression and
the Cochrane—Orcutt procedure, estimates are obtained using the Generalized Least
Squares (GLS) method, which are now reliable measures of the relationship between
the logarithms of total health expenditure and GDP in nominal terms (Table 18). The
final model has residuals for which autocorrelation has been eliminated (D-W = 1,489).

Table 18. Estimates of the logarithmically transformed nominal model of total health
expenditure with corrected heteroscedasticity and serial autocorrelation.

Estimate Standard Error Significance [95 %-Confidence
of the Estimate Level Interval]
Intercept -3,8649 1,4683 0,016 -6,9278 -0,802
Slope Coefticient 1,05 0,0584 0,000 0,0775 0,0891
p 0,5072

The coefficient of determination of the model remains high at 0,9416. Its value
indicates that 94% of the variance of the logarithmic total health expenditure at current
prices can be explained by changes in nominal GDP. It demonstrates a very strong
dependence between the outcome and factor variables. It is notable that overcoming
serial autocorrelation and heteroscedasticity actually influences the slope coefficient
estimate significantly, as it now indicates an income elasticity that is not so much
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greater than one. Evidently, the more reliable estimate suggests that healthcare is rather
a "necessity" good with unitary elasticity of 1,05, not a luxury good.

The model of real total health expenditure per capita with real GDP per capita has
a constant variance of residuals with respect to the predicted health expenditure values
and GDP, which is a basis for accepting the homoscedasticity hypothesis (y~ = 0,133;
p-value > 0,05). This fact does not necessitate a change in the functional form of the
model, which is undoubtedly an advantage in interpreting the slope coefficient.
However, the presence of strong positive autocorrelation of the residuals proves to be
a problem. Both tests confirm it (D-W = 1,105 ¢ dL = 1,257 u dU = 1,437; y*= 4,626
p-value < 0,05). After applying Prais—Winsten regression, the estimates from Table 19
are obtained.

Table 19. Estimates of the logarithmically transformed model of real total health
expenditure per capita with corrected serial autocorrelation.

Estimate Standard Error Significance| [95 %-Confidence
of the Estimate Level Interval]
Intercept -191,05 188,53 0,323 -584,32 202,21
Slope Coefficient 0,084 0,01 0,000 0,063 0,105
) 0,497

After the Cochrane—Orcutt transformation, at the 17th iteration with p = 0,497 the
model has eliminated serial autocorrelation (D-W = 1,662). The removal of
autocorrelation comes at the cost of a significant decrease in the coefficient of
determination from 0,935 to 0,777. In other words, the transformed model explains
about 78% of the variance of real health expenditure per capita through aggregate
income; the remaining 22% is due to other variables not included as predictors.
Furthermore, the slope coefficient is lower, decreasing from 0,09 to 0,084, and the
intercept estimate is statistically insignificant (p-value > 0,05). However, the obtained
estimates of the transformed model remain more reliable measures of the relationship
between health expenditure and aggregate income because the model has a smaller
error (MSE*1/2 = 89,43 BGN). The corrected income elasticity coefficient of real
health expenditure per capita is lower than that in the original model, decreasing from
1,243 to 1,16. This result contrasts to some extent with the perspective established by
the nominal model after corrections. According to the results of the base year price
model, health can still be viewed as a luxury good, although it is closer to unitary
elasticity or a necessity good.
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The model with data per capita at PPP should have similar post-estimation
evaluations to the nominal model, insofar as both are at current prices. In this case,
however, this model shows an absence of serial autocorrelation or is just slightly above
the threshold for confirming a positive one (D-W = 1,439 ¢ dL = 1,257 u dU = 1,437,
v* = 1,714 p-value > 0,05). Again, the Breusch-Godfrey test rejects it more
categorically. At the same time, heteroscedasticity is present (y~ = 8,18; p-value <0,05).
The transformation must first aim to overcome heteroscedasticity. After
logarithmically transforming the original PPP per capita observations, a slope
coefficient estimate of 1,134 (p-value < 0,05) and a coefficient of determination of
0,984 are obtained. The model error is MSE*1/2 = 0,0685, and that of the slope
coefficient 1s 0,0315. The problem is that these estimates prove to be invalid because
strong positive autocorrelation of the residuals is found in the logarithmic model (D-
W = 1,117). It is overcome in this case at the 10th iteration by the Cochrane—Orcutt

method with a coefficient p = 0,443 and has the following estimates (Table 20).

Table 20. Estimates of the logarithmically transformed model of total health
expenditure per capita at PPP with corrected heteroscedasticity and serial
autocorrelation.

Estimate Standard Error Significance| [95 %-Confidence
of the Estimate Level Interval]
Intercept -3,416 0,522 0,000 -4,506 -2,327
Slope Coefficient 1,082 0,0537 0,000 0,97 1,194
p 0,443

The corrected model has an empirical D-W = 1,46, which falls within the interval
between the tabular values of dU and 4-dU for one predictor and 23 observations. The
coefficient of determination of the corrected model is slightly lower than the original,
decreasing from 0,98 to 0,95, and shows a very high explanatory power. When derived
directly from the slope coefficient in the logarithmic model, the income elasticity will
be 1.082, a value slightly above unity. This result indicates a relatively lower sensitivity
of health service consumption at current prices with respect to changes in current
aggregate income.

6. Multivariate Modelling of Total Health Expenditure

It 1s well known that relationships and dependencies in the social sciences are
characterized by multivariate factor dependency. However, a major challenge in
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studying them arises from the mutual dependence among factor variables. Within
econometrics, as one of the sciences that quantitatively studies economic processes and
phenomena, this phenomenon has long been known as multicollinearity.

The phenomenon of multicollinearity itself results from the high correlation
coefficient between every pair of independent variables included in the model. Another
analogous measure of multicollinearity can be the coefficient of determination from
the linear regression dependencies between every pair of independent variables. The
same coefficients of determination are used for the quantitative measurement of
multicollinearity for each independent variable through the so-called Variance Inflation
Factor (VIF) or its reciprocal, Tolerance. In principle, however, using more than one
independent variable increases the explanatory power of the models; in other words, it
ensures higher coefficients of determination. Ultimately, this positive effect is desirable
and explains the pursuit and estimation of the combined influence of more than one
factor variable in the econometric modelling of relationships and dependencies.

6.1. Modelling by Combining Endogenous and Exogenous Variables

The dynamic multivariate modelling of health expenditure through the combined
effect of internal and external (endogenous and exogenous) system variables is no
exception to the above problems. Including additional variables, beyond the already
used GDP, indeed provides a high coefficient of determination, but at the cost of
undesirable multicollinearity. Experimentation with the inclusion of new variables
adhered to the scientific literature on the topic. The list of variables used within the
framework of the multivariate modelling of total health expenditure is provided in the
Materials and Methods section. It is necessary to take into account the fact that most
maximum values of the presented variables are observations from the last few years.
This also applies to the coefficients calculated based on the original data for public-to-
private beds and hospital-to-ambulatory expenditure. In other words, an upward trend
in development is very likely for most variables, which creates an expectation of the
presence of significant positive Pearson correlation coefficients between the
independent variables. The latter, in turn, is a prerequisite for the presence of
multicollinearity.

During the scientific development, calculations of the Pearson correlation
coefficients were performed between the variables listed above, which are included in
the total health expenditure model. A clearly expressed tendency was found for the
prevalence of correlation coefficients above 0, and smaller than — 0,3. i.e., in most
cases, the factor variables prove to be strongly dependent on each other, either directly
or inversely proportional. This result testifies to the presence of strong
multicollinearity. Due to an unacceptably low Tolerance (and consequently, a high
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Variance Inflation Factor - VIF), the following variables were excluded from the
model:
a) The ratio of hospital to ambulatory expenditure;
b) The ratio of public to private health expenditure;
c) The ratio of public to private beds;
d) Dependency ratio;
e) Percentage share of the population aged over 65;
f) Number of nurses per 100,000 inhabitants;
g) Number of hospital beds per 100,000 inhabitants;
h) General mortality coefficient;
1) Infant mortality coefficient;
j) Carbon dioxide emissions.

The remaining five independent variables also prove to be multicollinear (Table
21). The average indicator accounting for multicollinearity is very high at 45.14, while
acceptable values are below 5. It is interesting that only the variable for the volume of
activity in the outpatient sector has an acceptable Tolerance and is not mutually
dependent with the other predictors of total health expenditure. The regression
coefficient for consultations is $-1.028$, which means that if we trust this multivariate
model, which accounts for the combined influence of a wide range of factor variables,
for every one-unit change in consultations per 100,000 inhabitants, real health
expenditure per capita would change in the opposite direction by 1 BGN. In other
words, an inversely proportional dependence is observed.

Table 21. Multicollinearity estimates and regression estimates of the slope coefficient.

Factor Variable VIF Tolerance
Real GDP per capita 68,14 0,015
Hospital Discharges per 100,000 inhabitants 65,21 0,015
Physicians per 100,000 inhabitants 48,53 0,021
Hospital Bed-days per 100,000 inhabitants 40,75 0,025
Consultations per 100,000 inhabitants 3,1 0,323
Average VIF 45,14

The search for a better multivariate model of total health expenditure continued
by refining the selection of independent variables to normalize the level of model
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Tolerance. A renewed focus on the nature of the factor variables could encourage
experimentation by including only one variable from each group. For example, one
from the group related to the state's role, one from the resource group, one for system
productivity, and so on.

By including the variables: real GDP per capita, ratio of hospital to ambulatory
expenditure, ratio of public to private expenditure, dependency ratio, hospital
discharges per 100,000 inhabitants, physicians per 100,000 inhabitants, general
mortality coefficient, infant mortality coefficient, and carbon emissions as predictors,
a very high average VIF of 7,.23 is again found.

To proceed towards finding a better health expenditure model without removing
important study variables, it is possible to replace some variables with similar ones
that, by having different numerical values over time, can achieve a reduction in
multicollinearity. For this purpose, variables analogous to the "ratio of hospital to
ambulatory expenditure" and "ratio of public to private expenditure" can be used. They
can be replaced, respectively, with the "share of hospital expenditure" and "share of
public expenditure" in total health expenditure. After the substitution, a substantial
reduction in the mutual dependence of the factors included in the model is achieved
(average VIF = 48,93) (Table 22).

Table 22. Multicollinearity estimates and regression estimates of the slope coefficient
of the improved model.

Included Variables VIF Slope coefficient
Dependency Ratio 167,3 50,47
Practicing Physicians per 100,000 inhabitants 165,6 3,368
Infant Mortality Coefficient 29,67 83,359
Real GDP per capita 15,29 -0,003
Share of Public Expenditure relative to Total 4,53 2,675
Carbon Emissions 3,31 -48,801
Share of Hospital Expenditure 3,16 -3,991
Hospital Discharges per 100,000 inhabitants 2,54 -0,024
Intercept - -1 852,894
Average VIF 48,93
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Four of the variables—the shares of hospital and public expenditure, hospital
discharges, and carbon emissions—have a completely acceptable VIF, below 5. In the
same model, the variables with the highest levels of multicollinearity are the
dependency ratio, the number of physicians, infant mortality, and real GDP. The
following two tables display the multicollinearity estimates, the slope coefficients, and
the correlation matrix of the variables with the highest VIF.

Table 23. Pearson correlation coefficients between the variables with the highest VIF
in the improved model.

Real Denendenc Practicing Physicians | Infant
GDP per pRatio 4 per 100,000 Mortality
capita inhabitants Coefficient
Real GDP per capita 1
Dependency Ratio 0,772 1
Practicing Physicians per
0,958 0,8 1
100,000 inhabitants 9 877
Infant Mortality 0,973 | -0,741 20,955 |
Coefficient

It is notable that the slope coefficient for real GDP is close to zero (-0.003), and
the same applies to the productivity of the hospital sector, represented by hospital
discharges per 100,000 inhabitants. Evidently, within this selection of factor variables,
aggregate income and discharges do not influence changes in total expenditure.

Since there are other indicators for human resources in the system, the number of
physicians per 100,000 inhabitants could be replaced by that of practicing nurses in the
same unit of measure. In turn, the dependency ratio could be replaced by the share of
the population aged over 65 relative to the total population of the country. This
experiment results in a slight reduction in multicollinearity (average VIF = 4,32).
However, only one of the variables remains non-collinear with the others. This is the
share of public health expenditure in total expenditure. Evidently, the approach of
subsequent variable substitution will not lead to substantial improvement.

It is obvious that it is necessary either to continue with exclusion, thus losing
important predictors, or to attempt transformation through a linear combination of
existing variables. To exhaust all possibilities before the "loss" of variables as factors,
possibilities for linearly combining the variables with the highest VIF levels,
respectively with the lowest Tolerance, can be sought.
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With such a strategy, it is necessary to consider that combining the values of
several variables into one, by summing them, puts the interpretation of the model to
the test. If the improved model with VIF = 48,93 (Table 22), is used as a starting point,
since only four variables in it are highly collinear, then one could experiment with
combining them, for example, into two new variables. Along these lines, if two new
variables are created—the first as the sum of the dependency ratio and infant mortality,
and the second as the sum of real GDP per capita and the number of practicing
physicians per 100,000 inhabitants—the following dependencies are found. For a more
complete representation of resources in the model, the number of nurses in the same
dimension can be added to GDP and physicians. On the other hand, to overcome the
highly correlated variable "dependency ratio," it can be replaced by the share of the
population aged over 65 relative to the total population of the country. After performing
the indicated transformations, the following results are observed (Table 24).

Table 24. Multicollinearity estimates and regression estimates of the slope coefficient
of the improved model with combined variables.

Included Variables VIF Slop.e
coefficient
Share of population over 65, and infant mortality coefficient 9,75 150,73

Real GDP per capita and human resources (physicians/nurses) 7,62 0,0354

Share of Public Expenditure relative to Total 3,63 2,204
Share of Hospital Expenditure 3,07 -5,662
Hospital Discharges per 100,000 inhabitants 2,07 -0,0171
Carbon Emissions 1,23 -128.,32
Intercept -1 739,48
Average VIF 4,56

After replacing the dependency ratio with the share of the population over 65, and
combining the collinear variables, as well as adding the number of nurses to that of
physicians, a substantial improvement in the original multivariate model is achieved.
The average multicollinearity estimate is reduced to 4.56. This testifies to a low mutual
dependence of the independent variables selected thus far in the total health
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expenditure model. Nevertheless, it is necessary to consider the remaining high VIF
levels characteristic of the combined variables (9,75 and 7,62, respectively). This fact,
while appearing promising against the backdrop of the efforts made in searching for a
multivariate model, remains negative from the perspective of OLS requirements. The
Pearson correlation coefficient between the combined variables is 0,337 and is on the
border of statistical significance, yet it remains significant (p-value <0,05). At the same
time, this improved model with combined variables provides high explanatory power
— a coefficient of determination R> = 0,972 and a standard error of 57,95.

To achieve the condition for a complete absence of multicollinearity, the removal
of variables is now required. This strategy is simple to apply but carries the risk of
losing potentially important factors for the study and underestimating the factor
dependency of health expenditure.

6.2. Modéelling via the Combined Influence of Exogenous Variables

It is clear that within the existing set of variables, aggregate income, demographic
indicators, and carbon emissions are exogenous variables to the healthcare system. This
fact can be used as a justification for excluding the remaining variables from the model.
That is, subsequent modelling could focus on working only with the indicated
exogenous variables.

Some studies observe and assess the influence of the inflation rate. It can be
represented using two of its measures—the Consumer Price Index (CPI) and the GDP
deflator. With its help, an assessment can be made of the manner in which inflationary
processes affect real health expenditure and, indirectly, real consumption of health
goods. The CPI is more suitable for use in this case, due to the nature of the deflator,
which is a derivative of GDP. In addition to macroeconomic dynamics, demographics,
and the environment, measures of lifestyle could also be considered. From this distinct
group of indicators, physical activity, alcohol consumption, smoking, and overweight
status are important for health expenditure and its burden. However, it is not possible
to secure sufficiently reliable data for these for a long enough period of time. This fact
significantly limits the study of health expenditure in terms of the factor influence of
lifestyle-related indicators. Therefore, only the Consumer Price Index (CPI) for the
entire economy for the period from 2000 to 2022 is added to the already used external
system indicators. Table 25 displays the correlation coefficients for each pair of
independent variables in the group of external system variables.
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Table 25. Correlation matrix of the exogenous variables.

Share of pop. | Dependency CPI Carbon |Real GDP
over 65 Ratio Emissions | per capita
Share of pop. over 65 1
Dependency Ratio 0,9532 1
CPI -0,2550 -0,1800 1
Carbon Emissions -0,0120 -0,1577 0,1257 1
Real GDP per capita 0,9349 0,7983 -0,1894 | 0,1789 1

Excessively high correlation coefficients are found between real GDP and
demographic indicators. This is the reason for excluding the share of the population
over 65 years of age. Thus, the following factors are included in the model of
exogenous variables:

e Real GDP per capita;

e General Consumer Price Index (CPI);
e Dependency Ratio;

e (Carbon Emissions.

The model of exogenous variables obtains the following estimates and has high
explanatory power (Table 26).

Table 26. Regression estimates of the model with exogenous variables,

Slope Standard | Significance| 95% Confidence VIF
Coefficient Error Level Interval

Real GDP per capita 0,068 0,008 0,000 0,052 0,083 3,82
General Consumer
Price Index (CPI) -7,26 3,864 0,077 -15,376 0,860 1,07
Dependency Ratio 19,83 5,605 0,002 8,05 31,61 3,72
Carbon Dioxide 7,69 38,655 0,845 273,521 | 88,902 | 1,43
Emissions per capita
Intercept -924,65 370,44 0,022 -1702,91 | -146,34
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Its coefficient of determination shows that 96.9% of the changes in real health
expenditure per capita can be explained by the joint influence of the independent
variables used. The standard error of the model is 72,92. The combination of the above
external variables as predictors of health expenditure does not expose the model to the
risk of multicollinearity (VIF < 5). However, serial autocorrelation and
heteroscedasticity remain problems. The Durbin-Watson statistic is 1,22, which falls
below the upper critical value (dU = 1,785), indicating the presence of positive first-
order autocorrelation of the residuals. Furthermore, the Breusch—Pagan test shows a
significance below 0.05, and the hypothesis of temporally constant variance of the
residuals with respect to the predicted health expenditure values must be rejected. To
overcome both problems, an approach analogous to that applied in section 5 of this
chapter was used.

After logarithmically transforming the original observations of the dependent and
the four independent variables using the natural logarithm, multicollinearity estimates
very similar to those with the original data are obtained (average VIF = 2,14).
Multicollinearity is absent in the logarithmic model (y~ = 0,08; p-value < 0,05).
Heteroscedasticity is overcome after the logarithmic transformation. The change in the
functional form of the model with exogenous variables makes it homoscedastic.
However, the same magnitude and direction of serial autocorrelation are found (DW =
1,217). After overcoming it through Prais—Winsten regression, the model estimates are
obtained as shown in Table 27.

Table 27. Estimates of the total health expenditure model with exogenous variables
after correcting heteroscedasticity and serial autocorrelation.

Logarithmically Transformed Slope Standard |Significance|95% Confidence
Independent Variables: Coefficient | Error Level Interval
Real GDP per capita 1,020 0,1025 0,000 0,802 | 1,239

General Consumer Price Index (CPI) -0,046 0,0199 0,036 -0,088 | -0,004

Dependency Ratio 0,586 0,2442 0,030 0,066 | 1,107

Carbon Dioxide Emissions per capita 0,025 0,1885 0,897 -0,377| 0,427

Intercept -5,118 0,7473 0,000 -6,711 | -3,525

P 0,272
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The model has a high coefficient of determination R? = 0,9899 with significantly
reduced serial autocorrelation, as the Durbin-Watson statistic assumes a value of 1,57.
Low positive autocorrelation remains after the attempt to eliminate it, but its level
should not cause alarm.

Based on the numerical estimates, the income elasticity of health expenditure
derived from the improved model with exogenous variables is approximately unitary.
This result aligns closely with the findings for nominal GDP discussed in the previous
chapter. Such a finding implies that health can be classified as a necessity good. Within
the multivariate model, the logarithmic values of CPI are inversely related to the
logarithms of real consumption in healthcare. This conclusion is logical from an
economic point of view, illustrating a process of contraction of real health good
consumption due to an increase in the average price level in the economy. The
dependency ratio is associated with directly proportional changes in health
expenditure. The relationship between the logarithms of the dependency ratio and real
health expenditure is represented by a regression coefficient of 0,586. The influence of
carbon dioxide emissions on real health expenditure is not statistically significant
within the framework of this model. The slope coefficient for harmful emissions is
quite close to zero, and the significance level of its estimate is above 0,05, which makes
it statistically insignificant. Nevertheless, carbon emissions can be linked to directly
proportional changes in real total health expenditure. Ultimately, within the model with
exogenous variables, real aggregate income per capita stands out as having the most
pronounced influence on total health expenditure.

6.3. Models of Total Health Expenditure with Endogenous Variables

Exogenous variables are much greater in number and are expectedly in a much
closer mutual dependence compared to endogenous variables. These two
characteristics predetermine greater difficulties in modelling health expenditure. The

correlation matrix of the endogenous variables is presented in the following table
(Table 28).
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Table 28. Correlation matrix of the endogenous variables.

il;z;ei;f Share of S:;jgigf Physicians | Nurses per ‘t})le (Zisf;t:; Discharges COESI;};HO General Infant CPlin
expenditure public beds expenditure per 100,000/ 100,000 100,000 per 100,000 100,000 mortality mortality | healthcare
Share of
hospital 1,000
expenditure
Share of
public beds -0,462 1,000
Share of
public 0,819 -0,373 1,000
expenditure
Physicians per
100,000 0,482 0,998  0,409| 1,000
Nurses per
100,000 0,040 0,585| 0339  -0,56 1,000
Hospital beds
per 100,000 0,567 -0,936 0,641 0,948 -0,342 1,000
Discharges
per 100,000 0,795 -0,657 0,922 0,692 0,095 0,843 1,000
Consultations 0,805 -0,686 0,576 0,687 -0,506 0,696 0,637 1,000
per 100,000
Gener?l 0,141 -0,762 0,359 0,785 -0,230 0,800 0,652 0,219 1,000
mortality
Infant ‘ -0,359 0,928 -0,380 -0,93 0,654 -0,915 -0,622 -0,711 -0,755 1,000
mortality
CPl in
0294 -0.966| 0223 0,954 0,685 0,879 0494 0633 0,690 20,936 1,000
healthcare
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The coefficients of correlation falling within the interval between -0.3 and 0.3 are
shaded and italicized. These values are encountered quite rarely in the correlation
matrix, with only seven out of a total of 121. To propose a model of total health
expenditure with reliable estimates, it is necessary to exclude variables.

The process of selecting the exogenous variables in the model can begin by
including only one variable from each group. From the resource variables, the sum of
the number of physicians and nurses can remain; from the state participation group, the
share of public health expenditure can remain; from the mortality group, infant
mortality can remain. Two other variables can be added to these—the consumer price
index in healthcare and the share of hospital expenditure. This initially defined model
has an average VIF = §, but for human resources and infant mortality, it is well above
10. One of these two variables must be removed from the model. If infant mortality is
removed and replaced with the general mortality coefficient, and the other variables
remain, an average VIF = 8,08 is obtained, and again two variables are multicollinear.
In this case, these are human resources and hospital discharges. The correlation
coefficient between these two variables is 0,946. General mortality is also strongly
correlated with human resources (R = 0,822). Therefore, to continue the search for a
better endogenous model, the variable accounting for the volume of human resources
per 100,000 inhabitants must be removed. Its explanatory power, as well as that of the
general mortality coefficient, can be "replaced" by the dynamics of the indicator for
hospital discharges, as an important measure of the volume of activity in healthcare.
Along these lines, a model with endogenous variables and estimates is reached, as
presented in Table 29.

Table 29. OLS estimates of the model with endogenous variables.

Slope Standard | Significance | 95% Confidence VIF
Coefficient |  Error Level Interval
Share of Hospital | 15 15 | 15399 0379 | -2444 | 5547 | 2,06
Expenditure
Share of Public 9,592 9,674 0,360 14,08 33,26 3,00
Expenditure
Infant Mortality -132,090 31,557 0,006 -209,31 | -54,87 2,65
Coefficient
Hospital
Discharges per
100,000 -0,015 0,009 0,157 -0,04 | 0,01 1,58
inhabitants
Average

Intercept 1 183,600 | 1396,290 0,429 -2233,00 | 4 600,20 VIF=2.32

58



The model with the selected endogenous variables, which is free of
multicollinearity (Average VIF = 2.32), has a high coefficient of determination (R*=
0,932) and a standard error of 66,32. It should be noted that adding the consumer price
index in the healthcare sector to the model does not lead to improvements in its
explanatory power. With the inflation variable, the coefficient of determination remains
the same, and its standard error even increases to 72,64. Moreover, the average VIF
also increases to 5,41, and three of the variables have a multicollinearity measure above
5. The infant mortality coefficient stands out with the strongest inversely proportional
influence. A one-unit change in the infant mortality measure leads to a change in the
opposite direction of real total health expenditure per capita of BGN 13,.09. The
product of the hospital system, measured by discharges per 100,000 inhabitants, has
the weakest influence, where a one-unit change in discharges per 100,000 inhabitants
results in a change in the opposite direction of real health expenditure per capita of
BGN 0,02. Although the estimates for the share of public and hospital expenditure are
insignificant, their regression coefficients are considerably larger in absolute terms than
that of discharges. For example, a one-percentage point change in hospital expenditure
is reflected in an increase in real health expenditure per capita of BGN 15,51. On the
other hand, real health expenditure per capita responds to every 1%-point change in the
weight of public expenditure with BGN 9,59.

The model with endogenous variables is not exposed to the undesirable influence
of serial autocorrelation (DW = 2,05) or heteroscedasticity (x> = 0,08; p-value > 0,050).
No additional transformations of the original model are necessary, and the estimates
from Table 29 can be accepted as reliable and final, although most are not statistically
significant.
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CONCLUSIONS

The present dissertation systematically analyzes the main empirical

characteristics of health expenditure—both its aggregate magnitude and its
components by financing sources—relying on modern econometric methods for time
series analysis. The trajectory and intensity of its absolute growth over time were
analyzed and estimated using trend models. The effect of significant upward or

downward shifts in expenditure development was also investigated. These findings are

crucial for understanding the Bulgarian health expenditure system's responsiveness to

changes of a macroeconomic nature or to factors and causes internal to the system. The
main conclusions can be summarized as follows:

I.

Sustained and Significant Growth: For the period 2000-2022, health expenditure
in Bulgaria shows a stable and significant growth. The nominal growth is
approximately 6,8 times, and the real growth (at constant 2022 prices) amounts to
155%. This demonstrates a real expansion of the healthcare system that
substantially exceeds inflationary effects.

Dominant Factor: Aggregate Income (GDP): Aggregate income, measured by
GDP per capita, is the most significant and statistically reliable predictor of total
health expenditure in Bulgaria. Its inclusion in both univariate and multivariate
models confirms an extremely strong, directly proportional dependence.
Classification as a "Luxury Good": The income elasticity of health expenditure in
Bulgaria for the period following the introduction of the health insurance system
i1s greater than one (values range between 1.05 and 1.24, depending on the
dimension used). This characterizes healthcare in the country as a "luxury good"
within the context of economic theory. This finding is driven by the rapid growth
in incomes and, crucially, the high share of direct out-of-pocket payments (one of
the highest among OECD countries). This reflects the process of economic
convergence between Bulgaria and more developed EU countries. In Bulgaria, the
"marginal utility" of each additional unit of investment in healthcare remains high
because the system has not yet reached a saturation point. With every BGN
increase in GDP, health expenditure grows at a faster rate, serving to finance not
just the maintenance of the status quo, but the modernization of underdeveloped
infrastructure, access to innovative therapies (which enter with a delay compared
to the most developed economies), and attempts to retain medical personnel in the
context of an open European labor market.

Influence of Demographic Change: Demographic changes, particularly the
increase in the share of the population aged over 65, measured through the
dependency ratio, represent the second most significant exogenous factor
contributing to the growth of real health expenditure.
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Environmental Impact (Insignificance): The influence of environmental pollution,
measured by the change in carbon emissions, on health expenditure does not show
statistical significance in the constructed multivariate model for Bulgaria, which
differentiates this finding from some international studies.

Endogenous Factors and Health Outcomes: Among the factors internal to the
healthcare system, the infant mortality coefficient has the strongest and
statistically most significant influence on health expenditure. The relationship is
inversely proportional. This provides evidence that higher real expenditure is
associated with achieving better health outcomes, such as the program for
consultations per 100,000 inhabitants, whose regression coefficient also
demonstrated an inversely proportional dependency, leading to a reduction in
health expenditure.

Multicollinearity as a Methodological Challenge: The high degree of
multicollinearity among most endogenous variables (resources, volume of
activity, and structure) hinders the isolation of their individual impact. This is a
characteristic methodological challenge when analyzing time series in the
healthcare sector.
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CONTRIBUTIONS

The conducted scientific research provides new results and systematizes existing

facts and dependencies in the area of factor dependency and the modelling of health
expenditure. The potential contributions can be formulated as follows:

Scientific-Theoretical Contributions

I.

First Comprehensive Economic Analysis: The study performs the first
comprehensive economic analysis of the empirical characteristics of health
expenditure in Bulgaria and the dynamics of all its components for the period
following the introduction of the current health insurance model (2000-2022).
Quantitative Assessment of Elasticity: The income elasticity of total health
expenditure is quantitatively assessed for the first time in the Bulgarian context.
Using reliable econometric models, it is proven that healthcare can be
characterized as a "luxury good," which contributes to the international scientific
debate on the topic.

Original Multivariate Models: Original multivariate regression models of health
expenditure are developed and estimated, which differentiate and measure the
combined influence of exogenous and endogenous determinants specific to
Bulgarian healthcare.

Adapted Econometric Methodology: A modern econometric methodology for
time series analysis is adapted and applied, including the diagnosis and correction
of heteroscedasticity, serial autocorrelation, and multicollinearity. This achieved
increased reliability of the estimates and established a methodological framework
for future research.

Scientific-Applied Contributions

1.

Budget Forecasting Tool: The results provide health and financial authorities with
a scientifically justified tool for forecasting aggregate health expenditure, directly
linking it to GDP growth forecasts, which is key for medium-term budgetary
planning.

Argument for Strategic Planning: The proven strong directly proportional link
between population aging and expenditure growth provides quantitative
arguments for the necessity of strategic planning and reforms in long-term care
and the restructuring of health assistance towards more efficient outpatient models
for health care in the later years of life.

Empirical Evidence of Effectiveness: A statistically significant inverse
relationship 1is established between the volume of health expenditure and
indicators of healthcare effectiveness (via the infant mortality factor). This
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provides empirical evidence for the effectiveness of investments made and can
serve as an argument for prioritizing public financing in programs with proven
health outcomes.

Policy Recommendations on Financial Burden: The analysis of the high share of
direct patient payments and its influence on income elasticity provides grounds
for recommendations to reduce the financial burden on patients by expanding the
scope of public financing and encouraging alternative private mechanisms, such
as voluntary health insurance, which currently has a small coverage share in
Bulgaria.
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