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MATHEMATICAL MODELS FOR HEALTH CARE REFORMS
EFFICIENCY ESTIMATION IN CIS AND CEE COUNTRIES

In the article we analyze the methods of health-care system efficiency estimation. The further
analysis would be provided for a set of over 50 countries, with special analysis of CEE (Central
and Eastern Countries) and CIS (Commonwealth of Independent States) countries, and special
focus on Ukraine. On the second step efficiency will be analyzed as a function of policy vari-
ables such as number of physicians per 1000 population and introduction of mandatory medical
insurance. It is expected that our research would provide relevant implications for health-care
system reformers in CIS countries, analysts and experts in health care sector reforms.
Keywords: mathematical models, efficiency estimation methods, healthcare reform.

Introduction. Ukraine and several other
countries in the region recently initialized
reforms of their health-care system. The
need for reform is obvious, given high ra-
tio of health-care expenditures (as ratio of
GDP) accompanied by relatively low health
output. For example, in Ukraine life ex-
pectancy at birth is by 10 years lower than
in EU, mortality from tuberculosis is 20
times higher, than in EU, and child mor-
tality is 2,5 times higher (Program of Eco-
nomic Reforms for 2010-2014 in Ukraine).
Therefore of top priority task is determi-
nation effective policy instruments to use
for health-care system reform, as well as
tools for health-care reform outcome mea-
surement. In our paper we aim to provide
relevant outcomes for both issues.

Measuring efficiency in health care is
not a simple task, as health outcomes are
not directly related to health expenditure
(Nemec, dJ., Chubarova T.,2008) There
have been several attempts to evaluate the
efficiency of healthcare systems, focus-
ing on various aspects and using different
methods. The last one was done by WHO
in 2001, focusing on main performance
dimensions — equitable access (fairness),
health status of inhabitants and costs, but
Ukraine was not in the focus. Now when
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after 20 years of independence Ukraine
started its reforms, assessing the outcomes
of health reforms is very important, both
in terms of evaluation of current situation
and for adjusting further steps of reform.

Objectives:

— Estimate the efficiency of health-care
systems in countries of CEE, CIS and com-
pare them against the results for other Eu-
ropean nations;

— Identify important policy-relevant in-
struments to increase efficiency of health-
care systems;

— Estimate outcomes of the projected
health-care reform in Ukraine.

Practical contribution of research.
Evaluation of CEE and CIS health-care ef-
ficiency against other European countries
could uncover additional peculiarities and
specific features of the region, which could
be relevant for policymakers.

Besides, we will analyze the relation
between efficiency of health-care systems
and state of controllable health-care poli-
cy variables, such as density of hospitals,
surgeons, percentage of private health ex-
penses, introduction of mandatory health
insurance etc.

Empirical investigation of such issues
would be of interest to Ukrainian policy-
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makers as well as policy-makers from other
CIS and CEE countries.

Hypotheses. We developed initial set of
hypothesis which we are going to test in
our investigation:

— Efficiency of health-care systems in
CEE and CIS is somewhat lower than in
Western European countries, due to inef-
ficient use of financial resources;

— Switching from general taxation to
health insurance improves/deteriorates ef-
ficiency of health-care system;

— Relation between number of doctors
and number of hospitals and health-care
efficiency is non-linear;

As our investigation proceeds, we will
add additional hypothesis into our analysis.

Literature review. Evans David, Tan-
don Ajay, Murray Christopher et al. (2000)
were among the first to analyze efficiency
of health-care system in the way compara-
ble across countries and periods [2-3]. They
adapted stochastic “error components”
frontier model, firstly introduced by Aign-
er et al. (1977) and Meeusen and van den
Broeck (1977) for determining economic ef-
ficiency of health-care systems across 191
countries. Authors used disability-adjusted
life expectancy (DALE) as the output of
health-care system; health-care expendi-
tures per capita was used as controllable
input into health-care system, education
(years of schooling) was used as control-
lable variable outside health-care system.
Although this paper started comparable
efficiency-analysis of health-care systems,
it is difficult to infer policy-relevant con-
clusions to support reforms from their ap-
proach [1].

Tandon et al. (2001) introduced com-
posite index as a measure of health-care
system output. Their index included the
following components (weights in paren-
thesis): health as measured by DALE -
disability-adjusted life expectancy (25%),
health inequality (25%), responsiveness
level (12.5%), responsiveness-distribution
(12.5%), fair-financing (25%). This paper
is basically an extension of the previous
one, as it replaces a single-variable output
(DALE) with a composite index. The prob-
lem about lack of inference for policy-mak-
ers remains [8].

Kok Renske and Koolman Xander (2003)
analyze process utility, as opposed to
(health) outcome utility. Main argument in
favor of process utility is that a large share
of overall health care expenditures is used
to satisfy patients’ wishes, even though it
may have no direct health outcomes. The
authors use WHO Multi-country Survey
Study on Health and Responsiveness 2000-
2001 (data on 67 countries available), and
apply hierarchically ordered probit (HOPIT)
model to estimate the responsiveness score
for the countries in the dataset. The paper
concentrates on responsiveness of health-
care system, which is a vital health-care
output, although it is based on data which
is not available on regular basis, and hence
cannot be used to analyze dynamics of a
health-care system efficiency and control
outcomes of health-care reforms [3].

McGlynn Elizabeth et al. (2008) is a
comprehensive overview of micro-level
outputs and inputs relating to health-care
system elements (hospitals, physicians,
surgeons etc. ) Specific and vigorous ap-
proaches presented in this paper could be
applied specifically to Ukraine and other
CIS countries in case relevant micro-level
data is available [6].

Our investigation is aimed to contrib-
ute policy-relevant analysis on macro-level
(and, probably, on micro-level). as it con-
centrates on the dependence of economic
efficiency and controllable health-care pol-
icy variables.

Methodology

Data

Types of variables

For our investigation, four types of vari-
ables are required. The first three types of
variables are needed, following Evans et
al., 2000, to estimate the frontier function:
first are outcome indicators that represent
output of the health system; second are
health-system inputs used to produce the
outputs; third are controllable non-health-
system (or external to health care system)
determinants of health.

Also we add the fourth type of variables
into our investigation — policy variables,
which relate to the health-care system
and could explain efficiency differentials
among countries and across time-periods.
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Suggested indicators by group of variables

Table 1

Outcomes

Inputs

External determinants

Policy variables

— Disability-adjusted
life expectancy
— Standardized death

— Total health
expenditure per capita
— Public health

— Education
— Ecology
— Political stability

— Model of financing

(insurance-based VS general

taxation)

rate expenditure per capita
— Infant mortality — Private health

rate expenditure per capita
— Child mortality rate |-~ Expenditures

— Maternal mortality |by item (salaries,

rate medicine, capital
— Incidence of expenditures)
tuberculosis

— Composite index

— Ratio of public to private
expenditures

— Ratio of out-of-pocket
payments

— Number of doctors per
100000 population

— Number of hospital beds
per 100000 population

— Average hospital stay
period

Source: compiled by the author

Outcomes. We plan to estimate separate
equation for each of the outcomes (the
list of outputs from Nemec and Chubaro-
va, 2007), as well as for composite index
(equally-weighted or weights based on ex-
pert estimations), constructed from several
outcomes.

Inputs. According to Evans et al, 2000,
health expenditure per capita has an ad-
vantage, as it allows us to interpret effi-
ciency more broadly — as both technical and
allocative efficiency, which are jointly re-
ferred to as ‘economic efficiency’.

External to health system variables. Edu-
cation — proxied by average years of school-
ing; ecology — by volume of CO? emissions;
political stability — by Index of political in-
stability.

Policy variables. Will be used to explain
efficiency differentials. Most are readily
available from selected data-sources.

Sources of data. Main sources of data are
the European ’Health for All’ (HFA) data-
base of WHO and TransMONEE dataset of
United Nations Children’s Fund (UNICEF).

"Health for All’ database 2009, prepared
by World Health Organization, includes
data on 50 European countries over period
of 40 years (years 1970 to 2009). Database
includes both output and input health-care
variables, as basic main socio-economic and
demographic indicators. Database is ready
to use for the efficiency analysis outlined
in this proposal.

TransMONEE data-base includes data
on CEE and CIS countries, covers broader
range of socio-economic and demographic
data for the region.
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There are options on micro —level data-
sets:

Demographic and Health Survey 2007
(Ukraine) — a nationally representative sur-
vey of 6841 working-age women and 3178
working-age men covering various health,
fertility, demographic and other socio-eco-
nomic issues.

Medstat official operating data on Ukrai-
nian hospitals — covers data on more than
250 hospitals for time-span above 10 years.
Data is not readily available, requires com-
mercial contract with the responsible agency.

Theoretical Model

We design analysis based on SFA — sto-
chastic frontier analysis (also known as
“error component” model), as related to
health-care system by Evans et al. (2000):

Yi=a+ X .+ v, —u, 1)

Where X, is a vector of inputs and v, is
the error term with mean zero. The term
u; > 0 is a random variable representing
country-specific technical efficiency, and
is constrained to be always non-negative.
Technical efficiency is defined as ratio of
expected value of observed output to the
expected value of output when u; = 0:

_ E(Wielwie, Xie)
T = A = 0,500 (2)

The denominator represents the frontier
since technical inefficiency term takes the
value of zero. It is usually assumed, given
that the joint term (v — u) is observed,
that non-negative u’s come from half-nor-
mal distribution (alternatively — truncated
normal, exponential or gamma).

Equation (1) can be rewritten as:

Yie=a; + X, + vy, (3)
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where the intercept a; = (a — u;) is coun-
try-specific, its estimates can be found us-
ing fixed-effects. In order to provide that
all estimated u,’s are positive, the country
with the maximum ¢; is assumed to be the
reference and is deemed fully efficient. In

other terms:
a = max(

), 4)
o ()

SR

~~

u,=0a—

Estimation

Macro-Level Estimation

We plan to apply two-stage analysis in
our paper in order to estimate efficiency of
health-care systems of different countries
with focus on Central and Eastern Europe
(CEE) and Commonwealth of Independent
States (CIS) countries (the two steps are de-
tailed below):

Step 1: estimate of stochastic frontier
analysis model, calculate efficiencies. Pro-
posed estimation model (developed from
Evans et al., 2000):

Hy=a; + }75"' ElFitE-l_ EZEitﬁ +

+ 5 (F)?D+ fu(E)* D+ 5 (D)
+ BsFyEy D + Vit
Where H,, — is an output of health-care

system (e.g. disability-adjusted life expec-
tancy — DALE), F, — input into health-care
system proxied by health-care expenditures
per capita, E, — controllable variable out-
side health care system, effecting health
outcome (e.g. education). D — a vector of
dummies for CIS and CEE countries. — vari-
able that is a combination of true intercept
and inefficiency term, as in (5).

The equation is a translog model, which
is a second-order Taylor-series approxima-
tion of an unknown functional form; can
be used to estimate both Cob-Douglas and
Constant Elasticity of Substitution produc-
tion functions.

After estimation, we will obtain effi-
ciencies for each observation in the sample,
using formulas (4) and (5).

Step 2: regress efficiencies, obtained
with step 1, on policy-relevant variables.
Proposed estimation equation (fixed-effects
model):

eir = F (Xie; Yie, Vie): (8)

Where, ¢, is efficiency of health-care sys-
tem of country i in period ¢; X, — here vec-
tor of health-care policy relevant variables;
Y., — vector of other factors which are de-
terminants of health outside the health-care
system, such as for example education.

Expected research outputs

It is hoped that outcomes would help to
test hypotheses presented above, and thus
provide factual evidence for policy-makers
as for usefulness of certain planned ele-
ments of health-care reform.

We expect that the significance and signs
of the estimated coefficients will be consis-
tent in most cases with those observed in
other EU and CEE countries. It is expected,
however, that some specific features of the
CIS and CEE health care systems adjust-
ment will also be reflected in this study,
and thus we expect to contribute to the de-
bate about the difference of the CEE and
the CIS countries and to the careful health-
care policy design in Ukraine.
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MATEMATHUYIHI MOAEAI OJIHKN EQEKTHUBHOCTI PEOOPM
CEKTOPY OXOPOHM 3A0POB’Sl B KPAIHAX CHA, TA LICE

Pesrome

VYV crarTi poO3rAHYTO METOAM OI[iHKW e(EeKTHBHOCTI CHCTEM OXOPOHH 3H0poB . Iia anauri-
3y BukopucraHi gaui kpain I[CE (Ilenrpanbuoi i Cximmoi €Bponu) ta CHI (CmiBapy:KHicTH
Heszamexxuux [lep:xaB). OcobauBy yBary mpupijgeHo Ykpaiui. IIpoananisoBano eeKTHUBHICTH
CUCTeM OXOPOHH 3L0POB s B 3aJI€XKHOCTI BiJ BIANIOBIZHMX KOHTPOJIBLOBAHMX 3MIHHUX OXOPOHU
3[I0POB 51, TAKUX AK umciao Jixkapis Ha 1000 HacejeHHA i HaABHICTHL y KpaiHi 060B sA3KOBOIO
MeIUYHOTO cTpaxyBaHHA. OUiKyeThcdA, M0 Pe3yJbTaTU AOCJiIKeHHs, IpeACcTaBJieHl y CcTaTTi,
OyAyTh KOPUCHUMMU A PedopMaTOPiB CHCTEM OXOPOHU 3L0POB f, aHANITHUKIB Ta €KCIIEPTiB 3
pedopM OXOPOHU 340POB’ 4.

Karouori cmoBa: mMaTemMaTwuHi MoOzesi, MeTOAM OIIHKKM e(eKTHBHOCTi, pedopmMa OXOPOHU
3IOPOB’A.
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MATEMATHUYECKMUE MOAEAN OUEHKN DOOEKTUBHOCTU PEOOPM
CEKTOPA 3APABOOXPAHEHMA B CTPAHAX CHI' 1 LHCE

Summary

B cratpe paacmMoTpeHBI MeETOABI OIEeHKU 3(P(EeKTUBHOCTU CHUCTEM 3ApaBooOxXpaHeHudA. [l
aHanmsa wucmoJsb3oBaHbl gaHHbIe cTpaH I[[BE (Ileurpanbuoit m Bocrounoit Espomwr) m CHI
(Compy:xkectBo HesaBucumbix I'ocymapcts). Ocoboe BHuUMaHUe yaeseHo YKpauue. IIpose-
IeH aHauu3 3(PHEKTUBHOCTU CUCTEM 3IPABOOXPAHEHUS B 3aBUCUMOCTU OT COOTBETCTBYIOIIUX
KOHTPOJUPYEMBIX IIePEMEHHBIX 3PaBOOXPAaHEHUA, TaKUX Kak uuciao Bpaueir Ha 1000 Ha-
CeJIeHUA W HaJU4YWe B CTPaHe 00s3aTeJhbHOTO MEIWITMHCKOrOo crpaxoBaHuA. OQKumaercs, 4TO
pes3yJbTaThl HAIIIEro MCCJAeI0BaHUs OyAYT MOJE3HbIMU IJis ped)OPMAaTOPOB CUCTEM 3APaBOOXpa-
"Henus B ctpanax CHI', aHalUTUKOB 1 9KCIIEPTOB II0 pedpopMe 3APpaBOOXPAHEHUS.

KaroueBbie caroBa: MaTeMaTHUYeCKue MOJeIN, MEeTOABI OIleHKU a(ddeKTuBHOCTH, pedhopMa 3apa-
BOOXPaHEHUA.
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