R-ECONOMY, 2023, 9(4), 353-365

doi 10.15826 /recon.2023.9.4.022

353

Original Paper
doi 10.15826/recon.2023.9.4.022
UDC 332.1; 338.2; 614.2; 314
JEL C1, 118

A.S.Omir®><>4, A. Zh. Panzabekova?, A. A. Satybaldin®

[CHol

@ Institute of Economics of the Committee of Sciences Ministry of Science and Higher Education, Almaty, Kazakh-

stan; e-mail: ><| omir.aidal @gmail.com
® Turan University, Almaty, Kazakhstan
< Almaty Management University, Almaty, Kazahkstan

Evaluating the Financial Efficiency of the Healthcare System:
A Three-Stage DEA Model Analysis

Relevance. Public health effectiveness is crucial for population health, especial-
ly in the face of global challenges like the COVID-19 pandemic. The study ap-
plies the Data Envelopment Analysis (DEA) model to measure the efficiency of
operating costs in the health care system across various regions of Kazakhstan
from 2017 to 2021. Existing methods for assessing healthcare effectiveness of-
ten overlook the system’s complexity, which turns DEA into a valuable tool to
identify inequalities in healthcare availability and quality.

Research objective. This study aims to employ the DEA model to measure the
efficiency of operating costs in the health care system across regions of Kazakh-
stan in 2017-2021.

Data and methods. The DEA model was chosen for its ability to analyze the ef-
ficiency of operating costs. Data were collected from the Agency for Strategic
Planning and Reforms of the Republic of Kazakhstan.

Results. Our findings indicate the need for increased healthcare financing in
specific regions, emphasizing the importance of transparent spending. The
study concludes that the DEA model can regularly assess health financing, en-
suring resources are directed where most needed. The novelty lies in establish-
ing a link between financing and health outcomes.

Conclusions. The study’s results and methodology can be used by public health
authorities in assessing operating costs’ effectiveness, allocating resources judi-
ciously, and making informed decisions to enhance the healthcare system.
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OueHka ¢uHaHCOBOI 3P PeKTUBHOCTH CHCTEMBI 3/I[PaBOOXpPaHEHUS
Ha OCHOBe TpexcTyneH4aTou mogeiau DEA

AKTyanbHOCTD. DGPEKTUBHOCTD 3/[paBOOXPAHEHN BaXKHA JUIA 370POBbS Ha-
cenenys. ITangemusa COVID-19 noguepkHyna BaKHOCTb TOTOBHOCTH 3[IpaBo-
OXpaHeHUs K II0Oa/IbHBIM BbI30BaM. [IpaBiIbHOE UCIIONb30BaHME PECYPCOB,
pasBuTHe MHPPACTPYKTYPLI 1 0OydeHNe MeAUIMHCKOTO IIepCoHaa s 6omee
3¢ deKTUBHOrO pearmpoBaHys Ha OyAylye yrpo3bl ABIAOTCA aKTYalbHBIMM
3ajadamy. CyllecTBYoLIMe METOAbI OLeHKM 3 (eKTMBHOCTI 34paBOOXpaHe-
HIA He BCEIZia yYUTBIBAIOT CIO’KHOCTD ¥ MHOT0OOpasie CUCTEMBI 3[paBOOXpa-
HeHusA. OneHka 9)GEeKTUBHOCTH 3/IpaBOOXPAHEHN C TIOMOIIBI0 Mozien AHa-
nusa Ceeprku Janubix (DEA) 03BOJIsI€T BBLIBUTD HEPABEHCTBO B JOCTYIIHO-
CTH U KauyecTBe MeVIIMHCKON IOMOIIM B Pa3HBIX pernoHax Kasaxcrana.
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Ienp nccnegoBanms. Llenblo HACTOAIIETO MCCIIENOBAHMA ABIAETCA IPYIMe-
HeHue mopemu DEA s oueHky 3 peKTHBHOCTI ONepalIOHHBIX PAaCcXO0B
CHCTeMBl 3[paBOOXpaHeHNs B pernoHax PecnyOmuku Kasaxcran B mepuop
2017-2021 rr.

annble M MeTobI. B KauecTBe MeTOMA aHaN3a I M3MepeHNs 3G deKTuB-
HOCTH OII€PAlMOHHBIX 3aTpaT Obl1a BoibOpana Monens DEA. [laHHble Ayis yc-
ClIef0BaHMsA ObUIM OJTYYeHBI 3 ATeHTCTBA I10 CTPaTern4ecKOMY IJIaHMPOBa-
Huio 1 pepopmam Kaszaxcrana.

Pesynprarel. B crarbe mpoBesieHa oLeHKa 3¢ GeKTUBHOCTI (PUHAHCUPOBAHNUSA
3[paBOOXpaHeHNA B pernoHax KasaxcraHa Ha OCHOBe aHa/IM3a pas3/IiHbIX KO-
JMYeCTBEHHBbIX IoKasaresnell. OlieHKa IoKasana HeoOXOAMMOCTb YBEIMYeHNsA
(bVHAHCMPOBaHMA 3[PABOOXPAHEHVIA B ONIPe/ie/IeHHBIX PEIMOHAX CTPAHBI, HO C
COOTIONeHeM OTKPBITOCTH U IIPO3PAYHOCTY B PACXOIOBAHMM CPENCTB. Pesynb-
TaThI IO3BOJIAIOT CHEMATh BBIBOM, 4TO Mofiennb DEA MoXeT MCIonb30BaThes LA
PEry/IApHOIT OLleHKY (DVHAHCHUPOBAHY 3[paBOOXPAHEHNA II0 PErMoHaM, Homee
TOYHOTO y4eTa OTPeOHOCTel! KaKIOTO PErioHa VI HaIlpaByIeHNs CPeiCTBa B pe-
TYIOHBI, I7ie OHM Hanbosiee HeoOXomMMBL. Takxke, ClleffyeT IIOTYepKHYTh HOBM3HY
MCCTIeIOBaHM, KOTOPAs 3aK/II04YaeTCsl B BLIABICHNN CBA3U MEXK/Y GMHAHCHPO-
BaHMEM J MH/IMKATOPaMM 30pPOBbsA HaceleHNA B 00/IACTY 3IPaBOOXPAHEHMA.
BriBopbl. Pe3ynbTaThl ¥ METOLVMIKA UCCIE[OBAHMSI MOTYT OBITH MCIIO/Ib30BAHbI
TOCYHapCTBEHHBIMU OpraHaMM YIIPABIe€HMA 3/[paBOOXPAaHEHNEM /IS OLleHKI
3¢ dEeKTUBHOCTY OLEPALVIOHHBIX 3aTparT, peCypcoB U IMpuHATUA 60/lee 060-
CHOBaHHBIX PeIleHNiT B pa3paboTKe NMOMUTHUK U IPOTPaMM IO YITydLICHWIO
CHCTeMBI 3[paBOOXPAHEHNS.
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Introduction

In times of crises such as the COVID-19 pan-
demic, the assessment of healthcare efficiency
gains heightened significance. The pandemic has
exposed the vulnerabilities of healthcare systems
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when confronted with extraordinary challenges,
which brought to the fore such questions as the
optimal utilization of healthcare resources, the
effectiveness of medical services, and their over-
all impact on public health. Pecoraro et al. (2021)
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and Wynia (2020) have offered valuable insights
into this critical concern.

The healthcare sector plays a crucial role in
shaping the overall health of a nation as it strives
for effectiveness. Progress in the healthcare sys-
tem serves as an indicator of social development,
reflecting successful reforms and a higher level of
professionalism. At both the state and local levels,
it becomes imperative to ensure consistent funding
for research, innovation and adherence to profes-
sional education standards. Nevertheless, this ap-
proach comes with challenges, and the accuracy of
reforms directly affects the comprehensive and pre-
cise evaluation of healthcare system efficiency.

Since gaining independence in 1991, Kazakh-
stan’s healthcare system has undergone significant
transformations, driven by proactive governmen-
tal reforms to enhance access, quality, and afford-
ability of healthcare for its citizens'. Post-indepen-
dence, Kazakhstans healthcare system witnessed
decentralization measures, maintaining a balance
between regional autonomy and central govern-
ment control (Amagoh, 2021). The Ministry of
Health shapes national health policies, while re-
gional health departments manage healthcare ser-
vices within their respective areas. These regional
entities oversee state-owned hospitals and polyclin-
ics, whereas national clinics and research centers
are under the supervision of the Ministry of Health
(Health Systems in Action: Kazakhstan, 2022).

In this research the lowest inefficiency score
is observed in 2017. The Healthcare Minister of
Kazakhstan associated the ineffectiveness of the
healthcare system with corrupt practices, high-
lighting that in 2017, the healthcare sector ranked
among the top five most corrupt sectors within the
country’s economy’. Widespread corruption can
potentially influence the well-being of societies.
Nations characterized by elevated corruption lev-
els allocate a smaller proportion of their gross do-
mestic product towards healthcare expenditures
was proved by Glynn (2022). Moreover, President
Kassym-Jomart Tokayev stated that special focus
ought to be given to combatting corruption in cus-

! OECD Reviews of Health Systems: Kazakhstan
(2018). Retrieved from: https://www.oecd-ilibrary.org/social-
issues-migration-health/oecd-reviews-of-health-systems-

toms, construction, education, and healthcare. The
relevant government ministries are tasked with
creating a comprehensive strategy for systematical-
ly eliminating corruption in these domains®. There-
fore, the Ministry of Healthcare of the Republic of
Kazakhstan together with the Anti-Corruption
Agency has developed a roadmap to prevent cor-
ruption risks in the healthcare sector®.

To enhance the efficiency of the national
healthcare system, substantial efforts were made
in legislation in 2018, aligning with the “Den-
saulyk 2016-2019” national healthcare advance-
ment initiative. This resulted in a notable im-
provement in the healthcare system, as report-
ed by the official information source of the Prime
Minister of the Republic of Kazakhstan in 2019°.
Meanwhile, a significant improvement is al-
ready demonstrated in Figure 1. The State Pro-
gram for the Development of Healthcare of the
Republic of Kazakhstan, “Densaulyk,” for 2020-
2025 was established with the objective of ensur-
ing quality and affordable healthcare. Despite the
anticipation of significant improvements in the
healthcare system, the advent of COVID-19 in
Kazakhstan in March 2020 disrupted these ex-
pectations, leading to adverse repercussions®.
The COVID-19 crisis exposed the vulnerabili-
ty of emerging economies, which were less able
to withstand the economic shock than developed
countries (Voskanyan, 2020).

Kazakhstan employs a mixed healthcare mod-
el, blending public and private elements. The gov-
ernment primarily provides healthcare through

* The head of state held a meeting on combating corrup-
tion (2022). Retrieved from: Official website of the President of
the Republic of Kazakhstan. Retrieved from: https://www.akor-
da.kz/ru/glava-gosudarstva-provel-soveshchanie-po-vopro-
sam-protivodeystviva-korrupcii-1128 (Accessed: 10.07.2023).

* The Ministry of Health of the RK jointly with the An-
ti-Corruption Agency Discussed The Issues of Minimizing
Corruption Risks (2023). Retrieved from: Ministry of Health of
the Republic of Kazakhstan. Retrieved from: https://www.gov.
kz/memleket/entities/dsm/press/news/details/505996¢lang=ru
(Accessed: 11.07.2023).

* Densaulyk State Health Development Program: key indica-
tors for 2018 (2018). Retrieved from: Official information resource
Prime Minister of the Republic of Kazakhstan. Retrieved from:

https://primeminister.kz/ru/news/zdravoohranenie/gosprogram-
ma-razvitiva-zdravoohraneniva-densaulik-kluchevie-pokazate-

kazakhstan-2018 9789264289062-en (Accessed: 31.06.2023).

2 Minister: corruption in Kazakhstan’s health care sys-
tem is flourishing (2017). Retrieved from: https://ru.sputnik.

kz/20170407/ministr-korrupciya-v-sisteme-zdravoohraneni-
ya-kazahstana-procvetaet-1954450.html (Accessed: 10.07.2023).

R-ECONOMY J

li-za-2018-god-17654 (Accessed: 11.07.2023).

¢ Covid-19 in Kazakhstan: the scope of the problem, as-
sessment of services, health and social protection (2021). Re-
trieved from: 21 05 COVID 2 .indd (soros.kz) (Accessed:
12.07.2023).
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state-owned facilities like hospitals, clinics, and
polyclinics. The establishment of the Social
Health Insurance Fund in 2016 aimed to become
the main buyer of publicly funded healthcare ser-
vices. The fund collects insurance premiums from
employees and employers and began reimbursing
services in 20207 (Hejdukova & Kurekova, 2016).

This study aims to assess the effectiveness
of healthcare financing across the regions of Ka-
zakhstan from 2017 to 2021. Using a non-para-
metric technique, we intend to assess changes in
the efficiency of healthcare financing in Kazakh-
stan’s regions from 2017 to 2021 through Data En-
velopment Analysis (DEA). DEA is selected for
its suitability in measuring productive efficien-
cy, considering the distinctive management char-
acteristics of medical establishments and financ-
ing expenditures in the regions of Kazakhstan.
We are going to identify the level of efficiency by
using various indicators, such as operating costs,
the number of medical facilities, beds, and other
health metrics.

The above-described purpose of the study has
determined the following goals:

- identify indicators for the DEA model and
analyze financial data in the healthcare system
of the Republic of Kazakhstan using the DEA
method;

— examine changes in healthcare financing ef-
ficiency in different periods, encompassing peri-
ods before and after the COVID-19 pandemic;

— devise recommendations for enhancing the
healthcare financing system in Kazakhstan, pro-
pose healthcare and financing solutions, and out-
line avenues for further research in this domain.

Theoretical novelty in this study lies in the
first-time application of the DEA method to study
the healthcare sector of the country. With multi-
ple inputs and outputs, this application contrib-
utes fresh insights by showcasing the method’s
adaptability to a new context.

The non-parametric DEA method, in com-
parison to existing approaches, effectively gauged
performance levels. The authors enhanced and
adjusted the methodology by expanding input
and output indicators to evaluate the financial ef-
ficiency of the healthcare system at the regional
level.

7 World Health Organization annual report 2019 (2019).
Retrieved from: https://apps.who.int/iris/handle/10665/333249
(Accessed: 13.07.2023).
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Furthermore, the practical significance of the
research extends to potential use by government
healthcare agencies for assessing the system’s ef-
fectiveness, informing sector development, and
shaping policies. However, a limitation of the
study is the absence of detailed official data on
healthcare fund allocation, hindering an in-depth
regional analysis for the case of Kazakhstan.

This article will begin by presenting an over-
view of the methodology, followed by the selec-
tion of relevant indicators that will be applied to
the study of various regions of Kazakhstan. Sub-
sequently, we will assess the efficiency of health-
care financing across the regions and discuss the
resulting efficiency scores, ultimately determining
the levels of efficiency.

Finally, it is worth noting that there is a lack of
studies evaluating healthcare financing systems at
the regional level. The evaluation is necessary, how-
ever, since it enhances data comparability across
diverse regions, enabling researchers to identify the
most successful financing and management prac-
tices. Therefore, our aim is to bridge this gap and
provide a more nuanced consideration of specif-
ic regional characteristics, facilitating the adapta-
tion of financing strategies to meet local needs. Our
findings can be of interest to local authorities and
healthcare organizations, seeking to make well-in-
formed decisions regarding the financing and man-
agement of their regional healthcare systems.

Literature Review

The effectiveness of healthcare financing was
evaluated in many countries. For instance, Ivan-
kova et al. (2020) assess the effectiveness of health
care financing in OECD countries by applying re-
gression analysis with the use of indicator limits.
Their methodology, however, was unable to pro-
vide a complete picture of the efficiency of health
care financing: the relationship between the in-
dicators was investigated, but the efficiency of fi-
nancing itself was not identified.

Onwujekwe (2019) assesses the effectiveness
of health financing in Nigeria using in-depth in-
terview where inefficiency in health financing was
identified. But the methodology failed to fully un-
cover and determine the extent of inefficiency.

It should be noted that we have found very
few works devoted to analyzing the financial effi-
ciency of the health care system and the method-
ologies used in the works could not reveal the lev-
el of efficiency.
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Nevertheless, there are several works employ-
ing Data Envelopment Analysis (DEA) to identi-
fy the effectiveness of certain financial and med-
ical resources. However, the application of DEA
in healthcare cost-benefit analysis is still relative-
ly limited.

Liu et al. (2021) conducted the analysis of
health system cost-benefit and provided sever-
al key insights. They showed that the provision
of pediatric services in China exhibits significant
geographical heterogeneity, evident resource re-
dundancy, and a limited role for financial capital.
To enhance the efficiency of public pediatric ser-
vices, they suggested that improvements in eco-
nomic, technological, and professional environ-
ments, coupled with investments in urbanization,
education, and an increase in the birth rate, can
contribute positively.

Furthermore, Gong & Kang (2023) employed
the DEA model and Difference-in-Differences
(DID) analysis to optimize the allocation of med-
ical and healthcare financial resources. Their ob-
jective was to enhance employee health within the
corporate sector.

Additionally, Wu (2023) emphasized the im-
portance of reducing medical costs to enhance fi-
nancial efficiency in hospitals. This research, how-
ever, focused exclusively on the level of individu-
al hospitals.

Measuring a country’s development often
revolves around the status of its health systems,
which serve as crucial indicators (Alexander,
2003). A shared priority for nations is ensuring
citizens” access to sufficient medical prevention,
protection, and care. The World Health Organi-
zation (WHO) underscores the significance of
a well-functioning health system that provides
quality services promptly and appropriately to all
individuals.

Key constituents of public healthcare systems
encompass funding, resources, effective leader-
ship, and governance®. Resources include medical
personnel, healthcare facilities, equipment, and
medications (Jovanovic, 2013). Human resourc-
es stand as the linchpin of any health system, re-
quiring ongoing development (Kuhlmann et al,,
2018). The availability and equitable distribution
of resources are essential prerequisites for an ef-

8 World health statistics (2010). Retrieved from: https://
www.who.int/publications/i/item/9789241563987 (Accessed:

15.07.2023).

ficient healthcare system, necessitating efficient
funding mechanisms.

Healthcare policies are tailored to a country’s
economic capacities, resulting in distinct health
systems with varied funding models (Greer et al.,
2017b).

Generally, health systems can be categorized
into four models (Wallace, 2013):

1) The Beveridge model relies on taxation for
financing, providing universal healthcare through
state-owned institutions (Hejdukova & Kurekova,
2016);

2) The Bismarck model relies on mandato-
ry health insurance contributions, covering the
entire population with a non-profit orientation
(Wranik, 2011);

3) The National Health Insurance (NHI)
model combines elements of the Bismarck and
Beveridge models, with predominantly private in-
stitutions and state-paid services’;

4) The out-of-pocket model is prevalent in
underdeveloped countries, where individuals
bear full healthcare costs, often limiting access to
the wealthier population.

Funding models shape healthcare access and
affordability, and different models may coexist
within countries. For example, the United States
has elements from all four models, often classified
as having an out-of-pocket model due to high per
capita health insurance expenditure (Squires, D.
& Anderson, C., 2015).

Efficiency is a goal for healthcare systems,
aiming for resource optimization and adequate
services (Cylus & Pearson, 2016). Thus, assess-
ing healthcare system efficiency is vital, enabling
accurate resource allocation and identifying im-
provement areas (Varabyova & Miiller, 2016).

Efficiency assessment in healthcare remains
a topic of interest. Radojicic et al. (2019) used Data
Envelopment Analysis to assess healthcare efficien-
cy in 22 countries. Most literature focuses on hos-
pital efficiency, with limited studies evaluating na-
tional health system efficiency (Hollingsworth,
2008). Interest grew after the World Health Orga-
nization’s 2000 report evaluated health system ef-
fectiveness across 191 countries (Evans et al., 2001).

As for Kazakhstan, there are very few works
analyzing the financial efficiency of the health-

° World Health Organization annual report 2019 (2019). Re-
trieved from: https://www.modernacupuncture.com/docs/2019-
WHO-Report.pdf (Accessed: 16.07.2023).
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care system, but in the article “SWOT Analysis
and Expert Assessment of the Effectiveness of the
Introduction of Healthcare Information Systems
in Polyclinics in Aktobe, Kazakhstan”, the authors
noted the inefficient use of financial resources in
one of the regions of the Republic of Kazakhstan
(Yermukhanova et al., 2022).

Furthermore, Doskeyeva et al. (2018) exam-
ined the outcomes of healthcare financing system
reforms and identified persistent challenges. No-
tably, the management and organization of finan-
cial resources emerged as a prominent issue.

However, there have been no studies regard-
ing Efficiency assessment in healthcare in the re-
gions of the Republic of Kazakhstan using Data
Envelopment Analysis.

Methods and Data

The evaluation of healthcare financing efhi-
ciency in Kazakhstan relies on Data Envelopment
Analysis (DEA), a method commonly employed
for assessing socioeconomic trends (Cooper et al.,
2011). The DEA methodology enables us to com-
pare the efficiency level to an ‘ideal’ state, repre-
senting the most optimal development level of
the analyzed sphere for a specific year. This ap-
proach allows us to assess how the efficiency of
the healthcare sector changes over the years un-
der consideration.

DEA analysis proves suitable for researching
healthcare efficiency, facilitating the establish-
ment of input and output parameters to assess
the healthcare sector’s condition and efficien-
cy over the specified period (Stetko et al., 2018).
For our study, we chose a calendar year to dy-
namically evaluate the efficiency of Kazakhstan’s
healthcare system. The annual efficiency index
serves as an abstract analogy to the primary eco-
nomic indicators found in the statistical reports
of the country’s socio-economic development.
However, the distinction lies only in the quanti-
tative evaluation, as the annual efficiency index
is calculated using a comparative model with ab-
solute efficiency.

The DEA approach encompasses two funda-
mental models: CCR (Charnes, Cooper, Rhodes)
and BCC (Banker, Charnes, Cooper). Both can
be applied in input-oriented, output-oriented,
and non-oriented models. In this research, an in-
put-oriented model based on the variable returns
to scale (VRS model) was employed. The VRS
model is more relevant for the healthcare system

R-ECONOMY J

in the regions of Kazakhstan due to its complexity
with numerous inputs and outputs, likely exhib-
iting some degree of increasing or decreasing re-
turns to scale. Additionally, it is more flexible than
the CRS model and widely used in evaluating the
efficiency of hospitals, health systems, and gov-
ernment agencies. This model was chosen for its
practical relevance in assessing technical efficien-
cy (Jia and Yuan, 2017).

The computation relies on mathematical pro-
gramming to achieve the best possible outcome.
In this context, each individual year is treated as
a Decision-Making Unit (DMU). The mathemati-
cal model used to assess the healthcare system’s ef-
ficiency is expressed as an equation:

N
E o k1y1+k2y2+...+kyyy0 :Zr 1kyyyo M)
max
nx, +nx, +...+n x, nzsz

where E — efficiency evaluation, determined us-
ing DEA; j — the number of years considered for
analysis; y . — the volume of indicator r, adopted
ina spec1ﬁc year j; x. — the volume of result i, ad-
opted in a specific year j; i — the number of indi-
cators used in the country’s healthcare sector; r —
the number of resulting indicators of the country’s
healthcare sector; k. — resource weight coefficient
r assigned by DEA; n_ — weighting coefficient of
result i assigned by DEA.

The data required for DEA estimation are the
outputs y - and inputs x, over a finite period in
a given year in a definite set of indicators. Thus,
x, shows the volume of input parameter i that ap-
p ies year j, and y  is the volume of parameter r at
the output for year j.

If the calculated efficiency (E) for a specific
year is below one, it signifies inefliciency for that
period. The prioritized goals interpret the entire-
ty of the computed results, providing insights into
the implications of different efficiency levels.

In the model, constraints are applied to coef-
ficients k and # to ensure that the calculated effi-
ciency does not exceed 100%:

ky +ky, +.+ky. "k,
jo ko kg, +yyvzzr=”y”31 2)

m
mx,; X, +...+n,.x, ZiZInixij

wherek, ...k >0andn,..,n >0.

To apply DEA in a standard linear program-
ming package, the objective function should be
transformed as follows:
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MaxE =k, y, +k,y, +...+k .y , =(Zk,yroj (3)
r=1
According to the constraints:
X+ 1Ky X = > X, =0 (4)
i=0
kx, +k,y, +...+ky, <
Snlxlj THX X (5)

We will transform the above expression into
a standard mathematical form:

dky, <> nx, (6)
r=1 i=1

Weighting coeflicients are determined using
a “coverage model”. The dual linear programming
model will be used at E > min under the follow-
ing prerequisites:

Z?ijij <Ex, i=L2,...,m (6.1)
j=1
Z?Ljyiijro r=12,...,s (6.2)
j=1

L,20 g=12,..,7 (6.3)

The mathematical calculation reduces the
equations to linear through the slack variable.
The binary efficiency model minimizes the value

of E, subject to the constraints (6.1) that the sum
of weighted inputs by year is less than or equal
to the input of the year for which the estimate is
made, (6.2) the weighted sum of outputs by year is
grander than or equal to the output of the year be-
ing evaluated. A is the value of the weighting coef-
ficient. All years with a non-zero value of A indi-
cator are effective.

Years for which the E efficiency indicator
equals one represent the efficiency limit, while
years with an E efficiency indicator less than one
indicate inefficiency. The assessment of the health-
care system efliciency in Kazakhstan is conducted
using the Python (pyDea) software platform

This approach in calculation allows us to de-
termine the efficiency of the healthcare sector in
regions of Kazakhstan by year in the given peri-
od (2017-2021). This time interval was chosen
because the last study on the healthcare financ-
ing system in Kazakhstan was conducted in 2016
(Ahmed et al, 2019). However, the methodology
for assessing the efficiency of this system at the re-
gional level in the country has not been applied
and used.

In this research, we analyze Kazakhstan’s
healthcare financing system. We have developed
Decision Making Units (DMU) at the regional
level, consisting of 17 regions in 2021 and 16 re-
gions in 2017. In the first step, DEA window anal-
ysis is performed with 6 inputs and 4 outputs (Ta-
ble 1). DEA window analysis calculates healthcare

Table 1

DEA model variables

Ind. Variable

Definition

Input variables

X1 | Operating Expenses

Total number of operating costs for maintaining the health care system,
producing products and providing services

X2 | Number of medical facilities

Total number of medical facilities in the country

X3 | Number of beds

Total number of beds in the medical facility

X4 | Number of beds for sick children

Total number of beds for children in a medical facility

X5 | Number of doctors

The total number of doctors of the medical facility

X6 | Number of secondary medical staff

Total number of secondary medical staff

Output variables

Y1 | Child mortality rate Children under the age of 5 per 1 thousand births are considered
Y2 | Maternal mortality rate Number of women’s deaths during childbirth per 100,000 live births is con-
sidered
Y3 Mortality rate of the population from | Mortality rate from infectious and parasitic diseases per 100,000 population
infectious and parasitic diseases is considered
Y4 | Life expectancy Average number of years that a person could expect to live

Source: compiled by the authors
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facilities and operating expenses, which are signif-
icant financial statements. The selection of inputs
and outputs in the DEA method is informed by
a literature review, as illustrated and determined
by Worthington (2004)

As the DEA model is established based on the
ratio of input and output parameters, we identi-
ty the key determining parameters for the medi-
cal field. The specifications and general character-
istics of these parameters are outlined in Table 1.

Results and Discussion

Healthcare expenditure worldwide experi-
enced significant growth in the last twenty years,
increasing by over twofold in real terms. In 2019,
the total expenditure amounted to US$ 8.5 tril-
lion, equivalent to 9.8 % of the global GDP. How-
ever, the distribution of these funds was high-
ly unequal, with approximately 80% attributed
to high-income countries.”’ The distribution of
global health expenditure across income groups
reveals significant disparities. High-income coun-
tries allocate a substantial portion, ranging from
17% to 37 % (with the USA spending 42 %), while
upper-middle income countries spend between
2.8% and 16% (Kazakhstan spending 3,79 %)
(Global Health Expenditure Database). In con-
trast, low-income countries allocated a mere
0.24 % of their GDP towards healthcare in 2019.
This stark contrast underscores the substantial in-
equality in the allocation of global health spend-
ing across different income groups.'!

The report produced by the European Ob-
servatory on Health Systems and Policies
“Health Systems in Action Insight (2022)” high-
lighted Kazakhstan’s economic prosperity. The
report also noted that healthcare expenditure is
relatively modest and comparatively low consid-
ering the country’s national wealth. In 2019, in-
dividual health spending in Kazakhstan reached
US$ 765 when adjusted for purchasing power.
Although surpassing the Central Asian average
of US$ 552, it fell short of the averages for up-
per-middle-income nations within the WHO

1o Report of the Health Systems Governance and Financ-
ing UHL. Global expenditure on health: Public spending on
the rise? (2021). Retrieved from: https://www.who.int/publica-
tions/i/item/9789240041219 (Accessed: 20.07.2023).

1 Official site of the World health organization. Global
Health Expenditure Database (2022). Retrieved from: https://
apps.who.int/nha/database/PHC Country profile/Index/en

European Region (US$ 1,338) and the region as
a whole (US$ 3,226).1

This research aims to assess the financial effi-
ciency of expenses in the regions of Kazakhstan,
thus the DEA approach was applied to the re-
gions of Kazakhstan in the period of 2017-2021
using data that were gathered from the Bureau
of National Statistics of the Agency for Strate-
gic Planning and Reforms of the Republic of Ka-
zakhstan.

Efficient regions are those with DEA efficiency
scores equal to 1, operating at the efficiency fron-
tier. They fully utilize inputs to produce outputs
and perform optimally given the considered in-
puts and outputs. Close-to-efficient regions have
scores very close to 1, indicating high efficiency
with minor areas for improvement. Inefficient re-
gions, with scores significantly less than 1, suggest
suboptimal use of inputs for outputs. Identifying
inefficient regions is crucial because it signals ar-
eas that can be improved to enhance overall per-
formance and efficiency.

The results that were calculated by applying
DEA methodology are shown in Table 2.

The regions of Atyrau, West Kazakhstan,
North Kazakhstan, and Mangistau displayed no-
tably high efficiency scores. In contrast, Akmola,
Aktobe, Almaty, Kostanay, Kyzylorda, Pavlodar,
Turkestan, Nur-Sultan city, and Shymkent city
showcased scores that were closely aligned with
those of the efficient regions. Zhambyl and Al-
maty city delivered performances that fell within
the average range, while Karaganda and East Ka-
zakhstan demonstrated significantly lower levels
of efficiency.

This disparity in resource use and operational
expenditures across different regions in Kazakh-
stan highlights variations in efficiency regarding
resource allocation and financial management.
These differences underscore the need for tailored
evaluations and governance strategies in health-
care and other public sector domains. The insights
gained from these findings provide a valuable
foundation for future investigations and the de-
velopment of strategies to improve performance
in regions with lower efficiency levels.

12 European Observatory on Health Systems and Policies,
WHO Europe. Health systems in action: Kazakhstan (2022).
ISBN: 978 92 890 5914 5. Retrieved from: https://eurohealthob-
servatory.who.int/publications/i/health-systems-in-action-ka-

(Accessed: 20.07.2023).
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Table 2
Results of the DEA (input orientation, VRS) analysis
Regions/DMUs | 2017 | 2018 | 2019 | 2020 | 2021 gr‘,’:;’gi‘cl;f‘;:rf(l/: he | Average efficient
Akmola 0,80 1,00 1,00 1,00 1,00 25 0,96
Aktobe 0,77 0,86 0,84 1,00 1,00 29 0,89
Almaty 0,43 1,00 0,77 1,00 0,79 83 0,80
Atyrau 1,00 1,00 1,00 1,00 1,00 0 1,00
West Kazakhstan 1,00 1,00 1,00 1,00 0,99 -1 1,00
Zhambyl 0,61 0,71 0,67 0,70 0,72 18 0,68
Karaganda 0,42 0,46 0,46 0,47 0,43 9,53 0,45
Kostanay 0,75 0,79 0,83 1,00 0,85 5,43 0,85
Kyzylorda 0,73 0,75 0,75 1,00 1,00 3,80 0,85
Mangistau 1,00 1,00 1,00 1,00 1,00 0,00 1,00
Pavlodar 0,78 1,00 1,00 1,00 0,90 15,4 0,94
North Kazakhstan 1,00 1,00 1,00 1,00 1,00 0 1,00
Turkestan 0,89 0,69 0,69 1,00 1,00 12 0,86
East Kazakhstan 0,42 0,48 0,46 1,00 0,48 14,28 0,57
Nur-Sultan city 1,00 1,00 1,00 1,00 1,00 0 1,00
Almaty city 0,89 0,79 0,61 1,00 0,57 0,64 0,77
Shymbkent city - 1,00 0,87 1,00 1,00 0 0,97

Source: Calculated by the authors based on the Bureau of National Statistics Agency for Strategic Planning and Reforms of the Re-

public of Kazakhstan (2023). Retrieved from: https://stat.gov.kz/ru/industries/social-statistics/stat-medicine/ (Accessed: 20.06.2023)

The wide gap in economic development be-
tween different regions of Kazakhstan is a major ob-
stacle to national development (Kireyeva et al., 2022).

According to the results of the DEA analysis
and its average score for 2017-2021, it is possible
to divide the regions into the following groups:

1. Efficient regions (efficiency score equals
1.0): Atyrau, West Kazakhstan, North Kazakh-
stan, and Mangistau;

2. Highly efficient regions (from 0.8 to 1.0): Ak-
mola, Aktobe Almaty, Kostanay, Kyzylorda, Pav-
lodar, Turkestan, Nur-Sultan city, Shymkent city;

3. Medium efficiency (from 0.6 to 0.8): Kara-
ganda, Almaty city.

4. Inefficient regions (under 0.6): Karaganda,
East Kazakhstan

The period from 2017 to 2021 saw varying
growth rates among several regions. The region of
Almaty led with the highest growth rate of 83%,
while Aktobe, Akmola, Zhambyl, Pavlodar, East
Kazakhstan, and Turkestan demonstrated moder-
ate growth rates of 29%, 25%, 18%, 15.4%, 14.28%,
and 12%, respectively.

Conversely, some regions experienced slower
growth, such as Karaganda with a rate of 9.53%,
Kostanay at 5.43%, and Kyzylorda at 3.80%. No-
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tably, the growth rate in Almaty was only 0.64%.
Additionally, West Kazakhstan showed a negative
growth rate of —1%. Figure 1 shows the regions
that lie on the efficiency frontier.

Every year the amount of money allocated to
health care increases, for example, local budget ex-
penditures on healthcare in Kazakhstan almost dou-
bled from 2018 to 2022, reaching 0.3 billion tenge.
Shymbkent saw the most significant growth, with ex-
penditures increasing from 0.1 billion tenge to 9.9
billion tenge over the same period. Almaty city had
the largest share of local budget expenditures on
healthcare, at an average of 14.0% for 2018-2022.
Turkestan region came in second, with an average of
9.9 %, followed by Almaty region (9.0 %), East Ka-
zakhstan region (8.8%), and Astana city (7.2 %). The
lowest share of local budget expenditures on health-
care was recorded in Mangistau region (2.3%),
West-Kazakhstan region (2.6%), North-Kazakh-
stan region (3.2 %), Akmola region (3.3 %), Atyrau
region (3.6 %), and Shymbkent city (3.7 %)."

B How much money from the RK state budget is
spent on healthcare (2023). Retrieved from: https://spik.kz/
skolko-deneg-iz-gosbyudzheta-rk-tratitsya-na-zdravookhrane-
nie?ysclid=Im9c85w3x8976138483 (Accessed: 27.07.2023).
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Figure 1. Efficiency target points

Source: Calculated by the authors based on the Bureau of National Statistics Agency for Strategic Planning and Reforms of
the Republic of Kazakhstan (2023). Retrieved from URL: https://stat.gov.kz/ru/industries/social-statistics/stat-medicine/

(Accessed: 25.06.2023).

Since 2018, East Kazakhstan has had the high-
est level of expenditures on healthcare relative to
income, with an average excess of 0.7 %. In 2019,
the excess was 1.1 %. The largest excess of expen-
diture over income occurred in 2020, when there
was a global crisis and high incidence of disease,
at 4.3%. In 2021, revenues lagged expenditures
by 0.2%. In summary, local budget expenditures
on healthcare in Kazakhstan have increased sig-
nificantly in recent years. Shymkent has seen the
most growth, while East Kazakhstan has had the
highest level of expenditures relative to income.
The global crisis and high incidence of disease in
2020 led to a significant increase in expenditures
in all regions.

In addition to current revenues and expen-
ditures, healthcare in East Kazakhstan receives
transfers for capital expenditures, which account
for 27.2% of the republican level. According to
Figure 5, the main source of transfers for health-
care in Kazakhstan is the Social Health Insurance
Fund (52.39 %). The second largest source is the
republican budget (37.53 %). In Kazakhstan, 13 %
of transfers for healthcare are spent on capital re-
pairs, and 17.5% are spent on the acquisition of
fixed assets.

Atyrau, Mangistau, and North Kazakhstan
exhibit efficient scores for several reasons. These
regions have experienced substantial investments

R-ECONOMY J

in healthcare, including the construction of new
hospitals and clinics, the purchase of modern
medical equipment, and the training of health-
care professionals. In 2021 alone, notable invest-
ments included $1 billion from the Kazakh gov-
ernment for a new cancer center in Atyrau, $500
million for the acquisition of medical equipment
in Mangistau, and the training of 1,000 new doc-
tors and nurses in North Kazakhstan.

Despite increased funding, regional dispar-
ities in healthcare performance remain a chal-
lenge. Transparency issues hinder effective fi-
nancing and contribute to corruption. A roadmap
to prevent corruption risks in healthcare has been
developed. Legislative efforts and the “Densaulyk
2016-2019” initiative improved the healthcare
system, but COVID-19 disrupted these gains'.

Conclusion

This paper investigates the use of Data Envel-
opment Analysis (DEA) to assess the operation-
al efficiency of healthcare financing in Kazakh-
stan. Our findings confirm the hypotheses and
show the significance of efficient health financing
for enhancing healthcare quality and population

" Healthcare in Kazakhstan: problems and solutions
(2020). Retrieved from: https://borgenproject.org/health-
care-in-kazakhstan/ (Accessed: 28.07.2023).
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health. Additionally, the study highlights DEA’s
unique applicability in analyzing healthcare fund-
ing across Asian nations with similar traditions
and a tendency for paternalistic management
across diverse sectors.

Our analysis relied on publicly accessible sta-
tistical data, focusing on quantitative indicators
like operational expenditures (the main finan-
cial marker), medical facility counts, beds, pediat-
ric beds, medical personnel, child mortality rate,
maternal mortality rate, general population mor-
tality rate, and life expectancy. The primary focus
of this efficiency analysis is the reduction of both
mortality and morbidity. In order to enhance the
management of healthcare financing in Kazakh-
stan, increased attention and improvements are
necessary.

The lowest healthcare efficiency in Kazakh-
stan was recorded in 2017 and the peak efficiency
in 2020, which was largely attributed to increased
funding during the COVID-19 crisis.

During the COVID-19 pandemic, the oper-
ational framework of healthcare financing in Ka-
zakhstan demonstrated noteworthy efficiency in

the sector, aligning closely with the conceptual
“ideal” model. However, while life expectancy in-
creased, certain health indicators remained prob-
lematic. The government is dedicated to improv-
ing the health and overall welfare of the population
through comprehensive national initiatives, includ-
ing expanding primary healthcare services, enhanc-
ing care quality, and increasing healthcare funding.

The study recommends to increase the fi-
nancing of the healthcare system, particularly fo-
cusing on salaries and the procurement of med-
ical equipment. Emphasizing transparency in
healthcare spending is crucial to prevent unreli-
able practices and corruption. The application of
the DEA model enables regular assessments of
healthcare financing results by region, consider-
ing service quality, accessibility, and population
health indicators more accurately. This approach
implies that funds should be directed to regions
where they are most needed.

For further in-depth analysis it is planned to
apply the methodology to assess the efficiency of
financing in the context of private and public hos-
pitals and compare the results.
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