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Abstracts

The purpose of the article is to determine the impact of healthcare system indicators on a key measure
of economic performance — GDP by type of economic activity in «Healthcare and Social Assistance» for
further policy-making on preserving and improving the health of the population.

Material and Methods. Analytical, mathematical (regression analysis method), statistical (summary
and grouping of observation data; calculation of summary indicators and their analysis) research methods,
method of system approach and epidemiological analysis are used in the work. The information base for
the epidemiological analysis was the express issues of the State Statistics Service of Ukraine and the World
Bank data.

Results. The study evaluates the changes in the volume of Ukraine's GDP and GDP by type of economic
activity in the sector of «Health Care and Social Assistance». The periods are identified when the GDP
growth rate by activity in “Health Care and Social Assistance” exceeded the GDP growth rate of Ukraine,
which was observed, in particular, during the COVID-19 pandemic. Key healthcare system indicators
influencing economic performance, particularly GDP by type of economic activity in «Healthcare and
Social Assistance» are determined. A linear regression model is developed, demonstrating that the most
significant factors contributing to GDP growth in the type of activity «Health Care and Social Assistance»
include indicators of healthy life years, average life expectancy, total healthcare expenditures, and R&D
expenditures. Forecasting is conducted based on healthcare system indicators affecting GDP by type
economic activity in «Healthcare and Social Assistance» for further development of policies aimed at
preserving and improving public health.

Conclusions. The results of forecasting GDP growth by type of activity in «Healthcare and Social
Assistance» indicate the need to increase the indicators of total health care expenditures and research
and development expenditures, taking into account their average growth rates. By applying this approach
and aligning with socio-economic priorities, GDP growth for type of activity in «Healthcare and Social
Assistance» sector is expected to grow by 8.44% in the short term while ensuring long-term innovation in
the healthcare system.

Key words: healthcare system, macroeconomic indicators, GDP by type of economic activity in
«Healthcare and Social Assistance».

MeTo10 cTarTi € BU3HAYCHHs BIUIMBIB 1HMKATOPIB CHCTEMHU OXOPOHHU 3[J0POB’Sl HA KJIIOYOBUH MOKa3-
HHK, 1[0 XapakTepusye pe3yabTaTHBHICT ekoHoMiku — BBII 3a BumoM aisnbHOCTI «OXOpOHA 3710pOB’S
Ta HaJ[aHHS COIIaTbHOI JOMOMOTHY» JISl MOAANIBIIOr0 ()OPMYBAHHS MOMITHKH 30€pEKEHHS Ta 3MILHEHHS
37I0pOB’sl HACEJICHHS.

Marepiaa i meroau. Y poOOTi BUKOPHCTAaHO aHANITHMYHUI, MareMaTW4HUH (METOI perpeciiHoro
aHalli3y), CTAaTHCTHYHHMI (3BC/ICHHS Ta TIPYNyBaHHSI [aHUX CIIOCTCPEIKCHb, PO3PAXYHOK 3BEACHHX
MOKa3HMKIB Ta X aHaji3) METOAM JAOCTIHKEHHS, METOJ CHUCTEMHOTO MiJXOAY Ta eMiJeMiOJIOTi4HOTO
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ananizy. [HdopmaniitHoro 6a3010 IS emiAeMiONOriYHOrO aHami3zy Oynu ekcrpec-Bumycku JlepixaBHOi
CITy’KOM CTaTUCTUKM YKpaiHu Ta JaHl CBITOBOro OaHKY.

Pe3yabrarm. 3z[iI7ICHeH0 OL[IHKY 3MIHH 060;1ry BBII Ykpainu Ta BBII 3a BUJIOM €KOHOMIYHOT TIsUTBHOCTI
«Ox0opoHa 3110pOB’sl Ta Haj[aHHs COLIAILHOL JIOTIOMOT 1. VYCTaHOBJIEHO MeEpion, KOJIU TEMIT HPUPOCTY
BBII 3a BuzioM aistibHOCTI «OXOpOHA 310pOB’st Ta HAIAHHS COLIAIBHOI AOMOMOIMY MEPEBHIILYBAB TEMIT
npupocry BBII Vkpainu, 1o CHOCTepIFaJ'IOC}I 30KpeMa, y mepion naHz[eMu COVID-19. Busnaueno
IHIMKATOPH CHCTEMH OXOPOHH 30POB’S, WO BIUIMBAIOTE HA PE3YNbTATHBHICTH CKOHOMIKH, 30KpeMa
Ha BBII 3a Bugom JISTTBHOCTI «OXOpOHa 37I0pOB’Sl Ta HAJIAHHS COLIAIBLHOT JOMOMOTHY. Ho6yz[013aHo
JHIAHY perpeciiiHy Mojeisb, ska MOKA3Y€, 1110 HAHOUIBII BArOMMMH YMHHMKaMu 3poctants BBII 3a
BHJIOM JiSUTBHOCTI «OXOpOHA 3/10pOB’s T HaJaHHs COLIATbHOI TOMOMOTI) € TIOKA3HHKH pOKlB 3710pPOBOTO
KUTTA, CEPEIHBOI OUiKYBaHOI TPUBAIOCTI KUTTA, 3arajlbHUX BUTPAT HA OXOPOHY 3710pOB 'S Ta BUTpAT HA
R&D. 3IIII/ICH6HO POTHO3YBAHHS HA OCHOBI IHI[I/IKaTOplB CHCTEMHU OXOPOHH 3/[0POB’s, SIKi BILTUBAIOTH Ha
BBII 3a Bugom aisibHOCTI «OXOpOHA 3710pOB’st Ta HaJlaHH COIIaJbHOI JOMOMOTHY, Ul MOAANBIIOTO
(bopMyBaHHS MOMITUKH 30€peKEHHS Ta 3MILHEHHSI 37I0POB’ Sl HACETICHHS.

BucunoBku. Pesynsratu nporno3yBanns 3poctands BBII 3a Bugom nisuibHOCTI «OXOpOHa 3110pOB S Ta
HaJaHHS COIIaJIbHOI IOMOMOTY) BKa3ylOTh HA HEOOX1IHICTh 301IbIICHHS MOKa3HUKIB 3arajlbHUX BUTpPAT
Ha OXOPOHY 3110POB’sl Ta BUTPAT HA HAYKOBI JOCII/DKCHHS 1 PO3POOKH 3 ypaxyBaHHSM iX CEPEIHIX TEMIIIB
pocTy. YV pesyibTati 3aCTOCYBaHHS JaHOTO MiAXOMy i ypaxyBaHHs: COLiaIbHO-CKOHOMIYHHX MPIOPHTETIB
nepenbdadeHo 3pocranHs nokasHuka BBII 3a Bunom aisibHOCTI «OxopoHa 3710pOB’s Ta HAJIAHHSI COHlaJ'ILHOI
ponomorn» Ha 8,44% y KOPOTKOCTPOKOBIH MEPCIEKTHBI Ta IHHOBALIHHOCTI CHCTEMH OXOPOHH 3/10pOB’sI

y JOBTOCTPOKOBOMY TEPIOIi.
KirouoBi cioBa:

CUCTEMa OXOpPOHHU 3IlOpOB 5[ MaKpOCKOHOMl‘IHl IIOKa3HUKH, BBII 3a Bumom

€KOHOMIYHOI1 ,I[lSIJ'II:HOCTl ((OXOpOHa 310pOB 'S Ta HaJaHHA COL[laJ'IbHOI JOIIOMOI'».

Introduction. The health status of the popu-
lation and the functioning of the healthcare sec-
tor are key indicators of a country’s economic
well-being. A high level of health among the
economically active population determines the
level of labor productivity and production effi-
ciency, while the healthcare system is aimed at
preserving and strengthening health by ensuring
access to medical care.

Financial resources allocated to the health-
care system and their rational distribution and
utilization play a leading role in improving the
accessibility and quality of state-guaranteed
healthcare services for the population [10; 13].
In the modern conditions, healthcare institutions,
as providers of medical (healthcare) services,
must operate as economically efficient business
models, independently exploring the medical
services market, identifying funding sources,
implementing innovations, and establishing con-
nections with potential consumers of healthcare
services [12; 20].

The COVID-19 pandemic, military and polit-
ical conflicts between countries, particularly
Russia’s full-scale invasion of Ukraine, and
other factors justify the selection of Ukraine as
the research object. All these challenges have
highlighted the urgent need for improved acces-

sibility and quality of healthcare services, as well
as the necessity for rapid responses to emergen-
cies. From an economic perspective, addressing
these issues requires the consolidation of efforts
across various sectors both within the country
and on an international level. Currently, inter-
sectoral and interagency actions aimed at pre-
serving and strengthening public health remain
insufficiently coordinated and demand enhanced
collaboration between different sectors and lev-
els of governance to influence the social determi-
nants of health [7]. In the context of a full-scale
war, Ukraine’s healthcare system was forced to
respond to new and emerging needs of the pop-
ulation for medical care that had not been a pri-
ority before the war, such as traumatology and
orthopedics, intensive care, reconstructive sur-
gery, burns treatment, bullet wounds and mine-
field injuries, and rehabilitation of war trauma.
This process has been extremely complicated by
the large-scale destruction of medical infrastruc-
ture due to hostilities, a decrease in the number
of healthcare professionals caused by migration
and mobilization, the massive displacement of
people from temporarily occupied territories,
and the limited accessibility of medical services
for the population remaining these temporarily
occupied territories, etc. It should be noted that
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wartime challenges have exacerbated problems
in the public health system, particularly in epi-
demiological surveillance, monitoring of envi-
ronmental factors, vaccination coverage, and
disrupted the continuity of treatment of socially
significant diseases. Additionally, the ability to
prevent non-communicable diseases has signif-
icantly declined.

Given the current realities, the priority direc-
tions for transforming the healthcare system
should include not only ensuring high-quality
and timely medical care for the population but
also strengthening preparedness for responding
to emergencies and threats of various types (mil-
itary, technological or man-made, biological,
etc.) [16].

Analysis of Recent Research and Publica-
tions. The issues of state regulation and financ-
ing of various types of economic activities,
particularly in the “Healthcare and Social Assis-
tance” sector, have been the focus of numerous
scientific studies by foreign scholars, includ-
ing J. Chelsom [3], G. Cometto [4], D. Doiron
[5], V. Ivankova [9], E. Fainman [6], S. Nundy
[15] and R. Visconti [23]. Among Ukrain-
ian researchers, the works of M. Bilynska [2],
Z. lurynets [8], L. Krynychko [11], V. Lekhan
[12], Z. Nadyuk [13], N. Savina [24], A. Serdyuk
[17] and H. Slabkyi [18], are noteworthy. How-
ever, given the influence of economic, political,
and environmental factors on the healthcare sys-
tem, further research is needed to explore the
issue of relationship between the healthcare sys-
tem and the overall economic performance of the
country under such conditions.

The aim of the article is to determine the
impact of healthcare system indicators on a key
measure of economic performance — GDP by
type of economic activity in “Healthcare and
Social Assistance” for further policy-making on
preserving and improving the health of the pop-
ulation.

Material and methods. Analytical, mathe-
matical (regression analysis method), statistical
(summary and grouping of observation data; cal-
culation of summary indicators and their analysis)
research methods, method of system approach and
epidemiological analysis are used in the work. The
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information base for the epidemiological analysis
was the express issues of the State Statistics Ser-
vice of Ukraine and the World Bank data.

Results. The health of the population and the
functioning of the healthcare system play a cru-
cial role in achieving an optimal balance between
the three pillars of sustainable development — eco-
nomic, social, and environmental. However, con-
sidering the current anthropogenic challenges, the
implementation of the Sustainable Development
Goals (SDGs), aimed at ensuring peace, prosper-
ity, and well-being of people, has become one
of the most significant challenges for Ukraine.
Therefore, assessing the impact of healthcare
system indicators on economic performance was
conducted using Ukraine as a case study.

In order to identify key macroeconomic
trends influencing the establishment and devel-
opment of the national healthcare system, offi-
cial data from the State Statistics Service of
Ukraine were collected and summarized [21].
According to the results of the analysis, an over-
all trend of GDP growth by UAH 3773.9 billion
(from UAH 1465.2 to UAH 5239.1 billion) as
well as an increase in GDP by type of economic
activity in “Healthcare and Social Assistance”
by UAH 102.2 billion (from UAH 48.2 to UAH
150.4 billion) was established. The growth rates
of these indicators amounted to 258% and 212%,
respectively (Figure 1).

It should be noted that GDP by type of eco-
nomic activity in “Healthcare and Social Assis-
tance” fluctuated within approximately 3% of
Ukraine’s total GDP throughout the analyzed
period. In particular, in 2022, its share stood at
2.87% of total GDP of Ukraine (Figure 2). The
highest recorded value was of 3.29% in 2013,
followed by a gradual downward trend. The low-
est value of 2.17%, was observed in 2018, which,
in our opinion, was influenced by the healthcare
system’s transformation reform. Specifically, the
adoption of the Law of Ukraine “On State Finan-
cial Guarantees of Medical Care for the Popula-
tion” at the end of 2017 introduced changes to
the healthcare services financing mechanisms,
including the guaranteed package of medical
services known as the Medical Guarantees Pro-
gram.
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Fig. 1. Ukraine’s GDP and GDP by the type of economic activity in “Healthcare and

Social Assistance” from 2013 to 2022
Source: compiled by the authors based on data from [21].
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At the same time, total healthcare expendi-
tures as a percentage of GDP fluctuated between
7.0% and 7.8% (Figure 2). In comparison,
healthcare spending accounts for 16.7% of GDP
in the United States (with a GDP of USD 21.3
trillion), 11.1% in Germany (GDP — USD 3.8
trillion), 4.86% in Poland (with a GDP of USD
592 billion), 7.4% in the Czech Republic (with
a GDP of USD 414 billion), 9.8% in the United
Kingdom (with a GDP of USD 2,830 billion),
and 7.4% in Hungary (with a GDP of USD
161 billion) [19].

Taking into account the identified key macro-
economic trends influencing the formation and
development of the national healthcare system,
three groups of factors have been proposed, in
particular: those characterizing the healthcare
system, the economic and innovative (innovation
capacity) potential of the country. The health care
system indicators that detail the content of public
health and affect the GDP by type of economic
activity in “Health Care and Social Assistance”,
which is chosen as a summarizing (aggregate)
indicator (), are presented in Table 1.

The choice of these indicators is based on their
significance in achieving the objectives of Sus-
tainable Development Goal 3 “Good Health and
Well-Being”, in particular, the number of mater-
nal and child mortality rates. Indicators such as
average life expectancy, healthy life years, and
overall mortality rates are key public health met-
rics among the countries of the European region
and are integrated into the unified statistical data-
base Eurostat. This enables making comparative

assessments of these indicators between differ-
ent countries and helps determine the effective-
ness of healthcare systems as a whole.

Other groups of factors relate to the country's
economic and innovation potential. The choice
of parameters characterizing them from the
organizational point of view was related to the
possibility of providing official statistical data.
From a substantive perspective, the selection of
parameters focused on the indicators listed in
Table 2.

When analyzing factors for the further con-
struction of a linear regression model, only those
with the highest correlation with the dependent
variable Y (the main factor) were taken into
account. By examining the pairwise correlation
matrix, it was established that the dependent var-
iable was significantly influenced by factors X1,
X1, X1, X1, X2, X2,, X2, X2, X3, X3,, and
X3,. Thus, the correlation analysis of all param-
eters presented in Tables 1 and 2 allowed us to
identify only 11 of them, while the influence of
the others was considered insignificant.

Conducting multifactor regression studies
requires large sample sizes. Since, in our case,
we analyze data only for the period from 2013
to 2022, constructing an effective regression
mathematical model is possible while consider-
ing a maximum of five factors. Moreover, there
should be a weak correlation between individual
factors. Therefore, we construct a pairwise cor-
relation coefficient matrix and conduct a detailed
analysis of all factors and their potential interre-
lationships (Table 3).

Table 1
Health system indicators, (X1)
Years
Indicators 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022
xq |Theaverageexpected | ;) a7 | 79 37 | 7138 | 7168 | 71,98 | 71,76 | 7201 | 71,35 | 69,77 |69,89
1 |life expectancy, years
xq, | years of healthy life 63,13 | 63,03 | 63,67 | 63,93 | 64,60 | 64,66 | 64,32 | 64,78 | 64,45 | 64,3
(HALE), years
X1, g‘e’rt;')r']‘;o”a“ty' thousand | 56> 4 | 632,3 | 594,8 | 583,6 | 574,1 | 587,7 | 5811 | 616,8 | 714,3 |7252
x1, |Infantmortality (Upto 14 a0 | 3656 | 3318 | 2085 | 2786 | 2307 | 2189 | 1988 | 1971 |1980
4 |year), thousand persons
Maternal mortality, per
X1, {200 thousamt e pigrs | 160 | 120 | 181 | 126 | 91 | 125 | 149 | 187 | 427 | 413
Source: compiled by the authors based on data from [21; 22].
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Table 2
Indicators of economic (X2) and innovation potential (X3)
Years
Indicators
2013 | 2014 | 2015 |2016| 2017 | 2018 | 2019 | 2020 | 2021 | 2022
Economic potential
sls[g8|8|cls|s|8|s8l|y
X2, | Disposable income per person, UAH S5 | ® | N 3 o Q s | ¢
N N ™ o <t Lo [{e] M~ (2] (3]
< o L ) © < ﬁ- = — e
Total healthcare spending, million Bl s 3|3 & N N < & | &
X2 <t N o Yo} N~ — o [92] <t ol
2| UAH I < o) — ™ < ™ o © <
™ < To} [ee] N © o N 0 ~
— — — — o~ N N ™ ™ ™
X2, | Total healthcare spending, % ofGDP | & | 2 | 2 | 2| & | 2| 2 | 2| 2| 2
X2 Household spending on health care in NG = < ) 10 > o 3 > ™
4 | total spending, % < < < o < < < < < <
X2 Public spending on healthcare, % of ™ 0o ~ © o ey o~ © o o
5 GDP ™ ™ ™ ™ ™ ™ ™ ™ ™ <
| Current spending on health care per § g E— E g g E;D’- % "‘;} E
6 Capl'[a, USD N N — i i N N N N N
Capital investments by type of O S O S ° S S O T =2l Sl e
X2, | economic activity "Health care", < N © S o 12! © @ = o
7SS ~ ~ %] 3 ~ I < X ™~ NS
million UAH — — ~ © © o S N ™~
X2 Number of bqsi_nes"s entities by"type_of g § % % § gcg' § § E §
& | economic activity "Health care”, units | o | < 9| N N = P> S 0
Innovation potential

W oy | @ |~ ™ ~ © < | | @
il el | g8|g| gl 2|88y
X3, | R&D expenses, total, UAH million N © S 2 ® S 9 y S =
— » — — — — = S IV —
~ © To} © Lo ~ [32) - © ™
X3, | Share of R&D expenses, % of GDP s | s v | X < < < < e ¢k
o o o o o o o o

[{e] [sg] <
Number of employees involved in DY 2 | o N & o 3 & N
X3; |R&D vl g | 9| R | T 2 | o S| d| &
, PErsons 0 et N o S 159) ~ ~ © Lo
o o o < < e e < < <
X3 Number of doctors with a higher 3 3 © N past g 3 5 < o
4| qualification category, persons S 5 8 d S py b S d Y
Lo Lo [{=) [(e] [(e] o [{=) © [(e] Lo

Source: compiled by the authors based on data from [21; 22].

To obtain the least squares estimates of the
regression model, we use the well-known Mark-
ov-Gauss theorem [1]:

Theorem. Let:

1. y=Xp +¢; where X —is the data matrix of
observations, B is the vector of model (regres-
sion) coefficients, & — is the vector of errors

2. X — is a deterministic matrix of size n X Kk,

with rank k;

3.Me=0,De=Meg" =c’l .
Then, the ordinary least squares (OLS) esti-
mate is the best linear unbiased estimator (BLUE)
that is, the estimator that has the smallest vari-
ance among all linear unbiased estimators (those
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Table 3
Pairwise Correlation Coefficient Matrix
(for visualization purposes, only one decimal place is displayed)
— o~ ™ < n - o~ o < mn © ~ o i N o
> — — — — — N N N N N N N N ™ o o
X | X | X | X | X | X | X | X|X|X|X|X|X]|X|X]|X
o
> iy
- ~ o
X @ |
— ™~ b o
X =} < —
— © | 2 4| o
X S| Q| @ | d
- o |l <« | 9| 9|o
X @Rl | @ | @ | d
° © | S| || 2| o
X o N o o Q@ —
« S A I T T B S =
X — Q o o Q@ o i
N o | Q| x| w2~ |
X — Q@ o o < o — —
o’ SCH I S I U e S (S o VA B W e O =1
X o Q o < < o o o —
~ D I T S e S L B B e SO B B B O =
X o o o < @ o o o o —
«° ~ R e R~ e e O
X o Q o o Q@ o o o o o —
° © QN X ool o | X X o o
X o Q@ o o Q@ o o o S @ o —
N o | RNl | Q2| 0o || on| d| x| 9 O
X — Q o o Q@ o — — o o o o —
i o | R I~N | T 2N 0| 2o |0l oo
X o Q@ o o Q@ o o o o Q@ o o o —
o o | Rl ol |2~ 0ol A SO o o 9
X o Q@ o o Q@ o o o o o o o o o —
o ol |9 | N|lo|le|lo|o | w|l 0| ©| |« Q| 0| o
X S T A O R T i O L R L O I B I
o’ ol || N|lo|lw|a|lo | w|l0n|lo©|l0n| ol x| 0| oo
X o =) o o — o o o o o o o o o o - -
1 1 1 1 1 1 1 1 1 1 1 1 1
N D T = N e S S e W e W W O R S A et W = = e N G S B
X Q o o < < Q o o o o < Q o o o Q <

that are unbiased and linear in the observed out-
put variables).
B=(X"X)"X"y 1)

Itisimportant to note that our analysis assumes
that the error matrix satisfies all the conditions of
the Gauss-Markov theorem, namely:

1. The errors &, i=1,..k are independent,
identically distributed random variables follow-
ing a normal distribution:

e~ N(0, o")

2.E(¢)=0; V(¢) =E(ecT) = o' 1.

A matrix of numerical values of the corre-
sponding factors is constructed over the years.
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To satisfy the conditions of the Gauss-Markov
theorem in the four-factor case, the rank of the
observation data matrix X must be equal to 4. We
determine the rank of this matrix. It is easy to ver-
ify that rang X = 4, meaning our matrix meets the
conditions of the theorem (the minor formed by
the first four rows is nonzero). Therefore, we can
proceed to determine the coefficient matrix of the
linear regression equation using formula (1).

Thus, according to formula (2):

-1 .
B (xTx) Xy 2)
The calculations performed in Excel yield the
following values:
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71,37 | 63,13 132453 10248,5
71,37| 63,03 144231 9487,5
71,38| 63,67 155219,5 11003,6
71,68 63,93 181594,9 11530,7
X= 71,98 64,6 223726,6 13379,3
71,76 | 64,66 264121,4 16773,7
72,01| 64,32 293024,6 17254,6
71,35| 64,78 329341,44| 17022,40
69,77 | 64,45| 356432,12 20923,1
69,89 64,3 374231 17117,8
48247
46250
51480
58858
76140
Vector Y: 77130
95435
113642
134883
150430
-10460,80
12123,97
B= 0,42
-3,39

As a result, the obtained linear regression
model is:
Y = —10460,8X1, + 12123,97X1, + 0,42X2, — 3,393, (3)

Note: X1, average life expectancy; X1, _ years
of healthy life; X2, total healthcare expenditures;
X3, _expenditures on R&D.

The analysis of the linear regression model
reveals that the most significant factor contrib-
uting to GDP growth by type of activity in the
“Healthcare and Social Assistance” sector is
healthy life years (p=12123,97), meaning the
economically active period of life during which
individuals remain in good health without disa-
bilities. Accordingly, an increase in healthy life
expectancy is accompanied by an extension of
the active working life of the population and con-
tributes to GDP growth. Conversely, the value of
the coefficient for average life expectancy has a
negative sign (B=-10460,8), indicating that an
increase in average life expectancy is not always
accompanied by a healthy period of life in which
the population can continue working. This indi-
cates that people may live longer but not neces-
sarily remain able to work and increase produc-
tion efficiency.

It is an undeniable fact that human health rep-
resents a critical socio-economic value, and there-

fore requires investments (spending) for its pres-
ervation and improvement. The level of healthcare
expenditures in a country serves as an integrated
indicator of both individual healthcare spending
and public expenditures in particular. Changes in
this indicator depend on the funding and organ-
izational mechanisms of the health care system,
as well as on demographic trends, social and eco-
nomic factors. The value of the B coefficient for
total healthcare expenditures is 0.42, and therefore
total health care expenditures can be considered
as an investment in one's own health, which will
further contribute to increased labor productivity,
increased production output, and national income
growth. Low healthcare costs lead to a signifi-
cant increase in social security costs due to early
mortality (death in the working age), an increas-
ing ratio of retirees to workers or the so-called
working population, and rising early disability
rates. Conversely, an increase in total health care
expenditures (public and private expenditures,
including out-of-pocket expenditures (formal
and informal direct payments by the population))
leads to an increase in GDP by the type of activity
in “Healthcare and Social Assistance”.

Today, innovations are a key prerequisite for
building a competitive economy and ensuring
higher living standards for citizens. However,
the share of R&D expenditures in Ukraine's
total GDP remains one of the lowest in Europe.
The negative value of the coefficient for R&D
expenditures (f=-3.39) indicates that funding for
access to innovative treatment can only be pro-
vided within the available budget through reallo-
cation of expenditures.

To verify the adequacy of the regression
model, we apply the following inequality [23]:

R(n—k 1)
F=r+— ~
(1- Rk
where R? — coefficient of determination; F-F
statistics;

>F(a,n-1,n-k) (4)

1 =« ~ 2
7k'§(yl - y.)
R?=1-N=K5 , (5)
1 2
——2(V, - Y)
n-1iq
n —number of observations, K — number of model

parameters.
In the numerator of the fraction of R? is the
unbiased estimate of the error variance, while in
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the denominator is the unbiased estimate of the
variance of the observations of the underlying
parameter (dependent variable) takes values from
the interval [0,1]. The coefficient of determina-
tion R? indicates the quality of the regression
model’s fit to the observed value of y. If ?*= 0,
then regressing y on ., does not improve the
quality of the prediction of yi-In the other extreme
case, = 1 means a perfect fit, i.e., all observed
points satisfy the regression equation.

We calculate the coefficient of determination
(R?) using formula (5). It is equal to 0,96 which
is quite high. Its value means that the variation
in GDP by type of activity in “Healthcare and
Social Assistance’ is 96% due to the variation
in the factors included in our model, and 4% is
due to factors not included and considered in the
model. The fact that the coefficient of determi-
nation differs from zero allows for further ade-
quacy testing.

Taking a significance level of a = 0.05, the
Fisher distribution critical value (point) at this
significance level is 0.29 (this value was calcu-
lated in Excel using the built-in F.DIST func-
tion). The F-statistic is calculated by substituting
the coefficient of determination into the formula
for the F-statistic: F=35,44. Since 35.44 > 0.29,
the inequality holds, thus confirming that our
regression model (3) is adequate.

To further assess the model's accuracy, we
calculate the mean approximation error using the
formula:

E=L51Y " Y4000 (6)
n| oy

where y —is the actual dependent variable; Y- is
the estimated value,

n — is the number of observations.

Substituting the relevant values into formula
(6), we obtain E=5,94. This is a pretty good result.
After all, a good result [1]; [14] is considered to
be when the error does not exceed 8-10%. The
closer to zero the average approximation error
is, the closer the model is to reality and the more
accurate the forecasts based on it will be.

At the next stage, we use the resulting linear
regression model (3) to determine the potential
for GDP growth in the “Healthcare and Social
Assistance” sector. Given that the key factors are
average life expectancy (X1,), healthy life years
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(X1,), total healthcare expenditures (X2,), and
R&D expenditures (X3,), the choice and ensur-
ing their optimal ratio becomes an important task
for the state regulation of the healthcare system.
Since average life expectancy and healthy life
years depend on numerous factors, including
economic, social and environmental ones, it is
extremely difficult and challenging to directly
influence and regulate their change. However,
the state can influence the economic aspect of the
healthcare system, particularly by adjusting the
level of total healthcare expenditures and R&D
expenditures, for example, through the reallo-
cation or redistribution of funding from other
sectors of the economy. Therefore, when select-
ing regulatory solutions, we proposed to use the
indicators of total healthcare expenditures (X2,)
and R&D expenditures (X3,). To ensure the fea-
sibility of the proposed solutions, the change
in the values of the indicators is proposed to be
considered in accordance with the growth rates
of these indicators, namely the growth rate of the
previous year and the average growth rate over
the entire period. At the same time, the indicators
of average life expectancy (X1,) and healthy life
years (X1,) should remain unchanged.

At the stage of implementing the pro-
posed approach, substituting the forecast val-
ues of indicators X2, and X3, considering their
growth rates for the previous 2022/2021 (1.05
and 0.82, respectively) into the linear regres-
sion model (3), the forecast values of GDP by
type of activity in “Healthcare and Social Assis-
tance” were calculated and amounted to UAH
166016.3 billion. That is, the calculation deter-
mined that under the given condition, the absolute
increase in GDP by the type of activity in “Health-
care and Social Assistance” would be UAH
15586.3 billion, or 10.36% (Table 4). If the state's
regulatory decision is based on the application of
the average growth rate approach for the entire
period, which for indicator X2, has a growth rate
of 1.12, and for indicator X3, a growth rate of
1.07, the absolute GDP increase by type of activ-
ity in “Healthcare and Social Assistance would be
UAH 12691.1 billion, or 8.44%.

In terms of the economic approach, the most
attractive option is the first one, which provides
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Table 4
Forecasting Trends in Ukraine's Healthcare System Development
Base value of . Forecast . Absolute GDP
Indicators indicators, Irgﬂ;cr?tgr value of the Value of Y in GDP GDP growth, | growth
UAH million g indicator UAH million | rate, %
basic | forecast
The nature of changes corresponds to growth rates 2022/2021
X2, _total
healthcare 374231,0 1,05 392918,7
spending 150430 166016,3 15586,3 10,36
X3, R&D 1471178 0,82 14004,6
expenses
The nature of changes corresponds to average growth rates
X2, _total
healthcare 374231,0 1,12 420517,5
spending 150430 163121,1 12691,1 8,44
X3, R&D 17117,8 1,07 18277,9
expenses

Source: compiled by the authors based on data from [21].

for an increase in total healthcare expenditures
by 1.05 while reducing research and develop-
ment expenditures to 0.82. Under this approach,
GDP growth is expected to be 10.36%. Taking
into account social perspective, including the
impact of military aggression on public health,
as well as the fact that the future of medicine
is associated with innovative technologies and
tools, it is recommended to pay attention to the
second option, which provides for an increase in
total healthcare expenditures with an index of
1.12 and research and development expenditures
with an index of 1.07. This approach will not
only ensure an increase in GDP by type of eco-
nomic activity in “Healthcare and Social Assis-
tance” sector by 8.44%, but will also foster the
innovative development of medical technologies
and the long-term healthcare system efficiency.
Conclusions. The key indicators of the impact
on GDP by type of activity in “Healthcare and
Social Assistance” are indicators of average life
expectancy, healthy life years, total health care
expenditures and research and development
expenditures. The results of forecasting GDP
growth by type of activity in “Healthcare and
Social Assistance” indicate the need to increase
the indicators of total health care expenditures
and research and development expenditures,
taking into account their average growth rates.
By applying this approach and aligning with

socio-economic priorities, GDP growth for type
of activity in “Healthcare and Social Assistance”
sector is expected to grow by 8.44% in the short
term while ensuring long-term innovation in the
healthcare system.
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