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Abstract
The aim of this thesis is to investigate ways of assessing economic efficiency of
outpatient health care providers. It analyzes feasibility of employment of riskadjustment and profiling in the Czech Republic using administrative data reported to
health insurance company in the field of otorhinolaryngology.
First, the thesis provides an overview of economic profiling methods. Out of these,
indirect standardization of costs with risk-adjustment on patient level was used in the
empirical part.
Next, methods addressing specific problems of health care data (in particular,
skewness, excess of zero values and non-negativity) are explored. Using OLS on
logarithms on positive part of the distribution, three representations of costs were
estimated, based on selected risk-factors. Several patient factors proved significant in
final models (specifically, age, gender, number of hospitalizations, region of residence
and chronic conditions asthma, COPD and depression), however, the quality of the
model is extremely poor. Reasons for dissatisfactory fit of models are various. We
conclude that data-selection process is not appropriate to perform economic
comparison. And care of outpatient otorhinolaryngology is extremely specific to be
captured by information provided. Still, profiling of providers is performed to provide
an illustrative case.
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Abstrakt
Cílem této práce bylo prozkoumat způsoby porovnání ekonomické efektivity
ambulantních poskytovatelů zdravotní péče. Práce analyzuje použití metod „riskadjustment“ a možnosti porovnání poskytovatelů ambulantní v České republice na
základě dat, které zdravotní pojišťovně vykazují poskytovatelé otorinolaryngologické
péče.
Práce nejprve předkládá přehled možností porovnání nákladů poskytovatelů. Do
empirické části byla k ohodnocení a úpravě rizika kmene pacientů vybrána metoda
nepřímé standardizace.
Dále byly přezkoumány statistické metody řešení problémů charakteristických pro
zdravotní data (šikmost, nadměrný výskyt nulových hodnot, omezení na kladné
hodnoty). Metodou OLS byly vytvořeny odhady vlivu vybraných proměnný
zlogaritmované kladné části rozdělení nákladů reprezentovanými třemi způsoby.
Několik faktorů bylo v modelech signifikantní (zejména věk, pohlaví, počet
hospitalizací, místo bydliště a chronické choroby astma, COPN a deprese). Model však
zachytil pouze velmi malou část nákladů. Domníváme se, že výběr dat nebyl vhodný
pro ekonomickou analýzu a že ambulantní péče v oblasti otorinolaryngologie je příliš
specifická, aby mohla být vysvětlena informacemi, které máme k dispozici. Přesto bylo
na závěr provedeno alespoň ilustrativní porovnání poskytovatelů.
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1 Introduction
Inherently, the field of health care exhibit several features that deviate from optimal
market. Among others, costs of care are commonly carried by another entity than the
consumer of used services. In case of the Czech Republic, health care is paid
predominantly from publicly collected funds through health insurance companies
which reimburse providers for their services. This third-party-payment problem creates
tendencies to inefficient consumption, especially in fee-for-service reimbursement
system. Therefore, monitoring of health care expenditures plays a crucial role in
ensuring financial sustainability of the system.
In the United States, managed care organizations commonly employ providers
profiling for their cost-effectiveness evaluation. Key requirements for an efficient
profiling scheme is fairness of the comparison and, at the same time, easy and feasible
applicability into practice.
To achieve objectiveness of any profiling measure, costs need to be adjusted to
conditions the provider cannot or should not influence. First, providers should not be
penalized for characteristics of their patients since they cannot affect them without
employing adverse selection. Furthermore, profiling should never incentivize to
perform poor-quality care. Therefore, risk-adjustment methods should be employed to
differentiate characteristics of the patient from random variation (including potential
ineffective care). Quality of risk adjustment highly depends on available data, in
particular, the width of condition captured by the variables and their definition, and the
robustness of statistical method. There are several techniques that are able to address
methodological issues of health care data such as excess of zero values, non-normal
skewed distribution of dependent variable or extreme values. Profound analysis of
these methods is a part of present study.
Apart from risk adjustment of patient cohort, profiling ratios themselves
constitute another methodological issue. They involve attribution of actual and
expected costs to the responsible provider, provider selection as well as approach to
distinguish cost-effectiveness and ineffectiveness.
The aim of present study is to explore possibilities of economic profiling as a
tool for evaluation of health care providers in the Czech Republic. Simultaneously, it
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should evaluate suitability of risk-adjusted profiling applied on a single medical
specialty of outpatient health care. For this purpose, claims data acquired from one
health insurance company were used.
The structure of the study is as follows. Firstly, health care system in the Czech
Republic is presented in Chapter 2. It focuses on reimbursement mechanism and power
of health insurance companies within this system. It also provides theoretical
background about characteristics of health care market. Next chapter explores a wide
range of profiling measures differentiated by employed risk-assessment method. It
covers approaches preferred by private entities in practice as well as approaches used
in academic research. Chapter 4 describes dataset used for the analysis. Claims data for
one medical specialty, otorhinolaryngology, were used. Next chapter provides
overview of risk adjustment methods and presents analysis of application of the most
suitable method on our dataset. Results of the analysis is provided and discusses as
well as its limitations. Chapter 6 presents a simple method of profiling and applies it to
our results. Last chapter concludes.

3

2 Introduction to health care market
and system of health care in the Czech
Republic
2.1 Health care in the Czech Republic
This section describes the system of health care in the Czech Republic. Specification
of the health care systems is as of 18.02.2013. Since then, some changes have been
done, such as abolition of out-of-pocket payments. However, as the dataset analyzed is
for 2013, so we present the situation in that time.
The health care is generally distinguished to the inpatient care provided by hospitals
(or any other care that requires a stay of the patient overnight) and outpatient care. The
Czech law divides the outpatient care providers into following groups: general
practitioners and GPs for children and youth, dentists, gynecologists and outpatient
health care providers; each of them negotiates the conditions of reimbursement of
services separately and has slightly different conditions of reimbursement. (Parlament
České republiky, 2012)
The Czech Republic has the Social Health Insurance system which guarantees
equal access to the health care for all insured people. The participation is obligatory for
all permanent residents in the Czech Republic, except persons living abroad on longterm basis and not paying the health insurance in the Czech Republic. Also it is
compulsory for all employees of employers based in the Czech Republic (even those
who do not have the Czech permanent residency). (Parlament České republiky, 2012)
Health insurance is carried by Všeobecná zdravotní pojišťovna (VZP) and
employees’ and branch health insurance companies. There are currently operating six
of them joined in Svaz zdravotních pojišťoven ČR (Health Insurance Companies’
Union). All participants (or their legal representatives) can choose the insurance
company and change it once a year. Insurance companies have to accept the choices.
(Parlament České republiky, 2012)
Employed people pay the insurance in form of payroll tax which is partially
carried by an employer partially by an employee. The amount monthly paid depends
on the income no matter the volume of health care the payer draws by himself. People
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without any income or entrepreneurs pay the insurance by themselves. For children,
retired persons, receivers of parental benefits, unemployed people searching for a job
etc. is the insurance paid as a fix amount same for all by the state from the state budget.
(Kinkorová & Topolčan, 2012; Parlament České republiky, 2012)
Insurance collected by all health insurance companies is redistributed among
insurance companies with regard on the gender and age structure of clients of each
company in order to balance the position of insurance companies in terms of
risk.(Bryndová, Roubal, Rokosová, Gaskins, & Gaskins, 2009)(Česká národní rada,
2013)
The insurance companies pay on behalf of the insured people all expenses on
health care defined by law. The care is paid primarily to providers in the Czech
Republic. All participants have the right to choose the provider of health care from all
providers having a contract with their insurance company and the provider is not
allowed to charge them any costs for services listed by law 1. A visit of a general
practitioner before going to an outpatient health care provider is not required
(Kinkorová & Topolčan, 2012). The health care services, which are by law fully or
partially paid by the insurance companies, cover the whole range of services such as
preventive care, long-term care, rehabilitations, transport, pregnancy and prenatal care
or examination of death bodies. It partially covers also prescribed medication. The
extent of paid services is limited. In case there are more possibilities of treatment with
the same therapeutic impact the patient can choose among them. If the patient chooses
variant which is not the cheapest one, he or she has to carry the difference in costs of
the most cost-efficient alternative and the chosen treatment. Otherwise the provider has
to use the most cost-efficient alternative. (Parlament České republiky, 2012)
In order to motivate people to decrease the number of visits of doctors’ offices
and thus eliminate the costs of care, in 2008 the Czech Republic introduced out-ofpocket payments of consumers of health care (fix amount for visit of the doctor,
prescribed medication, urgent care etc.). After the elections in early 2014 the out-of
pocket payments were canceled and the shortage of income for doctors should be
partially covered from the government’s funds. (the stay is to 20.4.2014) Furthermore,
patients usually pay a part of medication and compared to the other segments they have

1

State to 2013
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to participate more in case of dental care. (Bryndová et al., 2009; Parlament České
republiky, 2012)
The health insurance companies reimburse the care based on contracts
concluded individually with each provider of health care. The formulation of the legal
document is however limited by law. (Parlament České republiky, 2012)(Ministerstvo
zdravotnictví České republiky, 2006)
The types of payments differ among providers (GPs, hospitals etc.). The
outpatient care providers are reimbursed on the fee-for-service basis with a limitation.
Each treatment has a point value defined by law (134/1994 Sb.) which is binding for
all insurance companies. The price of one point is negotiated annually by deputies of
each segment of ambulatory health care providers and deputies of the health insurance
companies. Thus the value of point is the same for all providers within the same
segment no matters of the treatment and by which insurance companies is it paid. On
the other hand the value of point may differ across segments. The negotiations take
place annually and if the bargaining parties do not reach an agreement, the value of
point will be stated by the Ministry of health. The number of points of every treatment
should reflect the costs of the treatment including the costs of running the office,
personal costs, basic material etc. If the treatment requires any special material or
medication applicable in the doctor’s office only, those costs will be reported and
reimbursed separately instead of being covered in the point-value of the treatment.
(Ministerstvo zdravotnictví České Republiky, 2012)
For 2013 the value of the point for outpatient health care providers was
established as 1.02 Kč if the volume of care does not exceed
𝑃𝑂𝑃ℎ𝑜

𝑃𝐵𝑟𝑜 × 𝑃𝑂𝑃𝑟𝑜 × 0.98.
Where PBro is the number of points assigned and accepted in reference year
(2011) for the full value, POPHo number of unique patients treated in evaluated year
(2013), POPro is number of unique patients related in the reference year. All treatment
above this level will be assessed by reduced value of point of 0.30 Kč. The volume of
health care provided to people insured abroad is not covered into the volume. In case
the providers treated in either the reference year or in the evaluated year less than 100
patients during at least 30 hours a week, the above stated limit will not be used.
(Ministerstvo zdravotnictví České Republiky, 2012)
Similarly, if the average costs per unique patient of provider on extra charged
medical mediums and extra charged material are higher than the average costs per
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patient on extra prescribed medication in the referential year, the insurance company
may lower the payment of such extra prescriptions and materials up to 40 % of the
costs above the average costs in the referential year. If the general prescriptions per
unique patient of the provider exceed the average costs of one patient in reference year,
the insurance company may charge the assessment of the exceed volume by up to 50
% to the doctor.
Under the term unique patient it is understood a patient who was treated by the
provider at least once during the period (observed year or referential year). Even if the
patient visits the same provider more than once in the period, he will be still considered
only once among the number of unique patients. However if he or she visits different
providers during the period, such a patient will occur in the number of patients of all
the providers.(Ministerstvo financí České republiky, 2012)

2.2 Managed care
Managed care is based on approaches addressing information asymmetry typical for
the health care market. The most experience with managed care has the U.S. where
about 70 % of all people insured have chosen the managed care organization instead
of a traditional health insurance company. In Europe, health insurance companies have
applied some components of managed care too. The managed care is characterized by
institutional arrangements based on conditional contracts allowing the organizations to
get involved into the relationship of the provider of health care and the insured person,
limit the services provided under certain conditions or contract only selected providers,
for instance. (Glied, 1999)
Also the Czech Republic has implemented some elements of managed care.
Any health insurance company is for example free to contract providers (conditionally
on ensuring of accessibility of care). .

2.3 Specificity of healthcare services market
In case of fee-for-service system of payments the motivation to over-treat is high
because the more services the physicians perform the more money they get from the
insurers. (McPake, Kumaranaayake, & Normand, 2002)
Due to the specificity of the health care market there occurs a high probability
of moral hazard. (McPake et al., 2002)
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Contrarily to as if they acted on usual markets physicians are not paid from the
pockets of the receivers of their services – the patients - but by a third party; in case of
the Czech Republic the health insurance companies, as described in the previous
chapter. Although there are many obstacles for the patients to control over the quality
of the health care services, patients still have the possibility or at least the intention to
control it. On the other hand, they have no reason to worry about the costs since they
are on account of the Social health insurance. Very often the patients do not even know
the financial demand of therapies. As Arrow (1963) mentions, in the systems where
the doctor is the only one who controls over the costs and the patients do not carry the
cost at all, the overall costs were much higher than in the second extreme, where the
patient carries all of the costs. Thus, patients have no reason to choose the provider
according to costs of treatment received, if they are insured. (Arrow, 1963)
In the Czech Republic, health care providers individually cannot influence the
price of their services because the price is set fixed in the value of point. The only way
how the health care providers can influence the income from the health insurance
companies is by increasing the volume of treatment or by inducing the treatment with
higher point value (also, he or she might be supported by a producer of medication).
Even though in the Czech Republic the maximum volume of care reimbursed is limited
by law, it is still possible that providers behave cost-inefficiently (for example they
may focus on serving more patients during the year than concentrate on a fixed amount
of patients, behave inefficiently to fulfill the limit even though they could prescribe
less care etc.). They are controlled only by the health insurance companies who have
to rely on the information from the health records.
That providers response to the way of payment proved for example Melichar
(2009). She showed that if physicians are reimbursed for treatment of some patients by
capitation payment and for others on the pay-for-performance basis they tend to spend
more time with patients contracted under the pay-for-performance system.
Therefore the insurance companies whose funds are limited, need a mechanism
to observe, whether the treatment is reasonable. They need to identify the providers
who have significantly higher costs than their colleagues without any reasonable
explanation.

2.4 Measuring efficiency vs. measuring quality/costs
To get complete image of the efficiency of health care providers, we would need to
observe both quality and costs.
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Many researchers claim to study efficiency however do not control for the
quality differences within the researched population and provide an evidence of cost
differences instead. (Hussey et al., 2009)
Thus any time any efficiency measure is used it should be taken into
consideration whether it incorporates differences in quality of outcome or whether it
assumes it to be the same for all entities compared. (Hussey et al., 2009) The
organization AQA suggested calling the measures of “efficiency of care” only if they
address the issue of quality otherwise they should be named as measures of costs of
care. (Hussey et al., 2009)
Goodman (2012) showed that reporting of cost-efficiency can lead to
economizing of utilization of healthcare sources by outpatient health care specialists.
The extent of the effect differed among specialties.
This work focuses on the costs of health care only, which is by many studies
referred to as cost-efficiency. Moreover, it concentrates on short-term costs only and
does not provide any evidence of long-term impact of the health care. In order to obtain
an objective image of health care providers both the short-term and long-term costs,
efficiency and quality of the outpatient health care providers should be observed and
taken into consideration.
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3 Methodological considerations
Physician profiling compares physicians based on quality or costs of care relatively to
others. Economic profiling – specifically – means analyzing health care providers
according to their costs of care or the use of health care resources. (American Medical
Association, 2009) It compares their real costs with expected costs and identifies
outliers. Those whose costs are higher than the expected are claimed to be costinefficient, those who report lower costs are consider cost-efficient. (Thomas, Grazier,
& Ward, 2004b)
The choice of right indicator is crucial. Within the level of risk-adjustment, we
distinguish between incorporation episode- and population-based measures of
efficiency. We can choose among indicators based on methods that use averages of
defined groups and regression methods or between measures that use linear and nonlinear methods. Finally, there are significant differences between measures developed
by academicians and those developed by private companies and published in grey
literature only. (Hussey et al., 2009)
Institutions using profiling for practical purposes usually employ one of a range
of commercial software whose methodologies are not fully freely available.
Initially profiles were used in the U.S. to compare primary care physicians
serving as gatekeepers in managed health care. Nowadays, they are commonly used to
observe cost-efficiency of specialty providers as well. (Thomas & Ward, 2006)
Validity of any profiling measure is highly dependent on the quality of dataset,
method of assigning costs to the physicians and methodology of estimation of expected
costs (Thomas, Grazier, & Ward, 2004a). Furthermore, the results are influenced by
the choice of a method dealing with extreme costs and with inconvenient shape of
distribution of costs.

3.1 Choice of indicator
3.1.1 Frontier analyses
Frontier analyses (Stochastic Frontier Analyses (SFA) and Data Envelopment
Analyses (DEA)) based on linear programming are frequently employed by
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researchers. However, they may seem to be too complex for application in practice.
(Hussey et al., 2009) (Hollingsworth, 2003)
Owing to the difficulty of implementation of frontier analysis into practice, we
will further examine other approaches: parametrical analyses proposed by
academicians and ratio-based comparison preferred by commercial institutions.

3.1.2 Episode-based profiling methods
Economic profiling is commonly used in the U.S. by health management
organizations which reimburse providers of health care according to pay-forperformance system. Consequently, the crucial research publications use providers’
and patients’ data from the U.S. (Hussey et al., 2009) (Thomas et al., 2004b)
It is based on (i) defining risk-groups, (ii) gathering cases (episodes) into groups
and (iii) averaging measured outcome within each category (group) to obtain the
expected outcome. (Shwartz & Ash, 2006)
Inputs can be expressed by their financial value or counted according to the
type (number of visits, number of points reported etc.). (Hussey et al., 2009)
The procedure is as follows: claim data about patient visits to the physician are
connected into so called episodes. This means that all information such as
examinations, treatment, prescriptions etc. related to one problem is grouped. The
period of one episode may be continuous or can be created by connecting separate time
intervals. It can be either one-time visit or it may consist of a sequence of care
provisions from different segments (inpatient, outpatient etc.). (American Medical
Association, 2006)
An episode of care is „a block of one or more medical services received by an
individual during a period of relatively continuous contact with one or more providers
of service, in relation to particular medical problem or situation.” (Solon, Feeney,
Jones, Rigg, & Sheps, 1967, pp.320) Episodes of care consider the delivery of health
care to the patient and thus are not necessarily related to the episode of illness which
deals with the patient experience. (Bassin, 1999)
An episode of care means also a time period during which one problem is being
treated. Therefore, it often refers to more than one visit of physician’s office. For the
grouping, special commercial software is very often used. (Sandy, Rattray, & Thomas,
2008) The grouping software assigns claim data together according to the date of when
the treatment or prescription was provided.
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Observed costs of one episode are obtained by summing costs connected to one
episode. Then, the system requires computation of expected costs. It is simply done by
calculating the average of all episodes of the same type. Observed and expected costs
are matched to providers who claimed them, and compared in a ratio similar to the one
defined by ( 1). The construction of episodes inserts risk-adjustment by controlling for
case-mix among the physicians. (Thomas & Ward, 2006)
𝐶 ∑𝑛𝑔=1 𝐶𝑔𝑥 × 𝑁𝑔𝑥
= 𝑛
∑𝑔=1 𝐶𝑔 × 𝑁𝑔𝑥
𝐸
( 1)
Where 𝐶𝑔 are average costs of episodes based on some case-mix classification,
𝐶𝑔𝑥 are average costs of episodes of a case-mix classification 𝑔 of the provider 𝑥, and
𝑁𝑔𝑥 is the number of episodes by case-mix classification 𝑔. (Kang & Hong, 2011)
Creating episodes without a commercial software is quite difficult (at
minimum, it would require cooperation with physicians). Therefore, the analysis of
costs on patient level might be more practical. Some researchers claim that it does not
provide sufficient results. On contrary, for its simplicity, patient level approach might
be more transparent and understandable. Goodman (2011) suggests a method to
eliminate bias which remain if the episode grouping is not employed: to use exclusion
criteria, for example, to focus on particular age categories, to include only patient who
did not change the insurance company during the observed period etc. (R. Goodman,
2011)

3.1.3 Population-based profiling scores using regression
Compared to episode-based methods, regression based risk-adjustment scores derive
the expected outcome from patients’ individual characteristics. (Shwartz & Ash, 2006)
Indirect standardization

The indirect standardization constructs a simple ratio of the sum of observed outcomes
(costs in our case) and the sum of expected outcomes. At first, costs of all people in the
dataset, regardless of the provider, are modeled by regression of individual
characteristics ( 2).
𝑦̂𝑥𝑖 = 𝑋𝑥𝑖 𝛽
( 2)
where 𝑋𝑖𝑗 are personal characteristics of the 𝑖th patient of the provider 𝑥. Efficiency
ratio of each provider 𝑥 is then computed as ( 3).
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̂𝑥 =
Ο

∑𝑛𝑖=1 𝑌𝑥𝑖
∑𝑛𝑖=1 𝑦̂𝑥𝑖
( 3)

where 𝑌𝑥𝑖 are observed costs of the patient 𝑖 of the provider 𝑥 and 𝑛 is the number of
patient served by the provider of interest. (Ding, Hubbard, Rutter, & Simon, 2013)
Fixed-effect models

Fixed-effect model ( 4) incorporate the provider’s variability already into the cost
estimation by the term 𝛼𝑗𝐹 : (Ding et al., 2013)
𝑦̂𝑥𝑖 = 𝑋𝑥𝑖 𝛽 𝐹 + 𝛼𝑗𝐹
( 4)

Random-effect models or hierarchical models

Random-effect models adjust for case-mix and number of patients of the provider ( 5).
In a simulation study conducted Ding et al. (2013), these models showed slightly better
results for performance profiling than fixed-effect models or indirect standardization
methods.
𝑦̂𝑥𝑖 = 𝑋𝑥𝑖 𝛽 𝑅 + 𝛼𝑗𝑅
( 5)
Yet, the author of this thesis does not consider this approach appropriate for profiling
of providers including clients of one insurance company only since we do not know
about the real size of the community served by the provider.

3.1.4 Conclusion of comparison of profiling methods
Because of the requirement of very detailed information about health-care provision
and interdisciplinary skills, profiling based on episodes of care was denied for this
study. Similarly, due to complexity of frontier analyses, they were not found useful to
be used in practice for insurance companies. Finally, profiling based on random-effect
models was not found suitable for data of one insurance company. Between fixedeffect models and indirect standardization, the latter was chosen. The indirect
standardization was found the most practical to be used for cost analysis of one medical
specialty obtained by clients of one insurance company.
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3.2 Risk-adjustment
Simple comparison of average used resources provides inaccurate and unreliable
results since there are many factors influencing provided health care which providers
are not able to control. Using risk-adjustment, we try to predict costs of individual as
well as possible, still some part of spending remains always unexplained. The riskadjustment measures should predict the variance in annual spending instead of variance
in actual expenditures. (Newhouse, 1994)
Risk-adjustment incorporates exogenous influencing variables into measures of
physicians’ economic performance and helps to compare providers with respect to
these variables. It estimates the expected cost (or any other outcome variable) of each
episode or patient with regard to personal characteristics and health conditions.
Any risk-adjustment should follow properties of “validity, feasibility,
invulnerability to manipulation” (L M Lamers & Vliet, 2003). In this way, riskadjustment effects balance between production at lower costs and motivation to select
according to good risk. (Newhouse, 1994) Furthermore, cost-efficiency measures
should never inspire the providers to risk-adverse selection of patient. (L M Lamers &
Vliet, 2003)
A sensible choice of characteristics the measure is adjusted for is crucial. Any
profiling should not be adjusted to variables that explain the costs (quality) but are
under the control of the provider. (Burgess, Christiansen, Michalak, & Morris, 2000)
Selected variables should explain patient health status, however, should not incentivize
the physicians to select their patient.
Variables expressing the risk of patients

Patient risk profile may be influenced by a wide range of his or her characteristics.
They include personal characteristics (age, gender), economic variables (level of
income, employment status, occupation), living condition (region, urban/country
residence), health status (disability, psychological distress, case history), social
characteristics (family size, education, marital status, social class) and life style
characteristics (activity of daily living, physical activity, ability to perform physical
excersises, perceived health). (Karnon et al., 2013) (Epstein & Cumella, 1988)
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4 Data description
4.1 Dataset
Datasets used in this study consist of claims data from 352 outpatient providers in the
Czech Republic in 2013. The data captures information about 84 164 patients and it
was collected for the purpose of reimbursement by Oborová zdravotní pojišťovna
zaměstnantců bank, pojišťoven a stavebnictví.
The data were anonymized at both physicians’ and patients’ levels before the
dataset was exported and given to the author of the research.

4.1.1 Providers
Providers in the dataset must have had a contract with the health insurance company in
2013 exclusively for the specialty otorhinolaryngology (providers who had contracts
for more specialties were not included). As a further restriction, providers who as an
economic entity represented more physicians were excluded. Therefore, health care
provider refers to particular physician.
As the data analyzed come from one insurance company only, we should bear
in mind that physician have contracts with others insurance companies at the same
time. Therefore, we can observe only part of physicians’ production.

4.1.2 Insured people
Patients were selected from all clients of the insurance company. They were selected
on the condition that they attended at least once during the year 2013 at least one
outpatient provider of interest.
Given the selection criteria – in the dataset, only insured people who entered
the health care provider’s office are included – the dataset does not cover representative
sample of the whole population.
Even though the dataset covers information about patients of providers of one
specialty, it is likely that some patients will be treated by more than one physician
within the same specialty during the year. There are several reasons for that. Firstly,
since gate-keeping is not required, patients may visit more specialists within the same
specialty if they are not satisfied with the treatment of the previous provider. Secondly,
they may visit more outpatient health care providers during the year with different

15

problems. Finally, if a physician does not have particular equipment needed for a
treatment, he might refer a patient to another provider to perform this treatment.
At the same time, patients consume health care across other specialties. Some
services that are performed by providers of specialty of interest might be provided by
general practitioners or, less likely, providers of other specialties. This production is
not covered in our dataset. Furthermore, a portion of patients visit and is treated by
general practitioner at first and attend specialized provider if the symptoms are severe.
According to the law2, insured person is allowed to switch the insurance
company only once a year. The change becomes valid from the 1st January of next year,
so there is no problem with patients switching the insurer and thus covering only part
of the treatment. (Parlament České republiky, 2012)

4.2 Variables
This section describes variables included in the dataset. Firstly, we present different
types of costs or representations of costs. Then, variables which we examine as risk
factors are described.

4.2.1 Dependent variables
The dataset consists of several types of representations of costs of health care, namely
costs of services, prescribed medication, volume of the care induced to another
provider, and extra charged medication and material.
Services

The variable covers the volume of services (in CZK) that was reported to the insurance
company by the otorhinolaryngologists for each patient. It is the care the insured people
receive directly from the outpatient provider. The value of the variable is not
necessarily equivalent to the volume providers were reimbursed for the care after
review of the health insurance company, the contract and possible restrictions, but it is
money value of points which are assigned to these services according to the notice of
the Ministry of Health for 2013.
Prescribed medication

The variable approximates the volume of medications (in CZK) the observed people
got prescribed from the providers in the dataset. It includes medication covered by

2

As of 2013.
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health insurance, that is medication prescribed by physicians only. Over-the-counter
medication is not covered.
Induced care

Induced care captures the health care that providers of interest did not performed by
themselves and so they did not get this care reimbursed. Therefore, it captures care that
patients got from other health care providers based on a referral of the provider of
interest. In this category, for example laboratory examinations, physiotherapy or
examinations and other health care services provided by another provider, if the
recommending provider lacks necessary equipment or skills.
Of course, the choice of the measured outcome is bound by the administration
processes within the health insurance company, the contract between the provider and
the insurance company, the law, system of reimbursement and last but not least by the
reliability of the data.
In the dataset, induced care is expressed in CZK.
ZUM & ZULP

ZULP is a Czech acronym for extra charged medical mediums, that is medication
which is provided by the provider directly in the office.
ZUM is acronym for extra charged material which is not covered in the point value of
services.
Total costs

The choice of the measure of cost will have an impact on the results. Therefore we
would like to see, whether the types of costs as stated above are rather complements or
substitutes.
Table 1 shows correlation coefficients between means of reimbursement of health care.
Volumes of services, induced care and prescription do not seem correlated and thus we
cannot assume they act as complements. Therefore, we should not focus on one type
of reimbursement only but rather on the charged money as whole, either by examining
sum of all expenditures or all means of expenditures separately and comparing them.
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Table 1 Correlation coefficients of means of reimbursement of health care
services

induc

prescription zum

zulp

induc_unit

visits

services

1.00

0.22

0.33

0.10

0.08

0.33

0.74

induc

0.22

1.00

0.11

0.01

0.20

0.52

0.25

prescription

0.33

0.11

1.00

0.01

0.01

0.15

0.29

zum

0.10

0.01

0.01

1.00

0.00

0.02

0.02

zulp

0.08

0.20

0.01

0.00

1.00

0.01

0.09

induc_unit

0.33

0.52

0.15

0.02

0.01

1.00

0.40

visits

0.74

0.25

0.29

0.02

0.09

0.40

1.00

Source: author’s computations.

For the purpose of this study, the variable “total cost” will be defined as a sum
of all previously stated variables except induced care. We do not include induced care
for the reasons stated above. Therefore the variable “total cost” looks like ( 6).
𝑡𝑜𝑡 𝑐𝑜𝑠𝑡 = 𝑠𝑒𝑟𝑣𝑖𝑐𝑒𝑠 + 𝑝𝑟𝑒𝑠𝑐𝑡𝑖𝑝𝑡𝑖𝑜𝑛 + 𝑧𝑢𝑚 + 𝑧𝑢𝑙𝑝
( 6)
Total care

Beside total costs, we will examine the whole amount of care, the patient received from
the provider of interest or was referred by the provider in the dataset to another health
care provider, in the variable called “total care” ( 7).
𝑡𝑜𝑡 𝑐𝑎𝑟𝑒 = 𝑡𝑜𝑡 𝑐𝑜𝑠𝑡 + 𝑖𝑛𝑑𝑢𝑐𝑒𝑑 𝑐𝑎𝑟𝑒 (𝐶𝑍𝐾)
( 7)
We should bear in mind that the chosen variables are not real costs of care.
Instead they are representation of volume of care as they are the costs providers
reported. Actual money the providers got reimbursed as the indicator of volume of care
would be influenced by the last year’s performance and the value of point. Therefore
in the cost-efficiency analysis we use number of points the heath care provider reported
and the insurance company approved no matter the value of the point. Such a
computation provides more reliable information about the volume of care than money
the insurance companies really paid to the provider during the year because such an
amount not only can consists of different values of point but also avoids consideration
of any other ex-post limits that the insurance company could apply.
In our analysis we will primarily focus on the variable “total cost”. This variable
is preferable because it a complex picture of cost howerever does not include induced
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care, which may lead to misleading results. Then we will compare the results with the
results of the variable “total care”, which includes all components of costs.
Additionally we will model the variable “services”, which represents the most precisely
the care provided by the providers of interest in the fee-for-service system.

4.2.2 Explanatory variables – risk factors
This sections presents variables that will be analyzed as risk factors of costs of care.
Age and gender

Age and gender are expected to be significant risk factors that influence the value of
costs. Age is expressed in years reached in 2013, therefore, it is considered as a
continuous variable. To show marginal effects, age-squared is included in the
econometric analysis.
PCG

We have searched for the possibility to adjust the profiling measure for the health status
of the patients. One way to control for this is to use diagnosis reported in the claims
data. However, claimed diagnosis are subject of individual convention of the physician
and are not very accurate. Moreover, they indicate the actual status of the patient. To
capture the health status of the patient, information about his chronic condition would
be more valuable.
PCG-classification (Pharmacy Cost Groups classification) based on the Czech
health care consumption have been developed recently (based on the 121 DDD
minimum consumption level). The system was developed for the redistribution of
funds among health insurance companies. However, it has not been implemented yet.
(Černý, 2015) Nevertheless, insurance companies have the information for correct
classification of their clients.
PCG-classification assigns a chronic condition (or conditions) to patients based
on their medication consumption. PCG controls for several widely spread chronic
conditions requiring expensive heath care. For the risk-adjustment of health care of one
specialty separately, it is likely that only few groups will be relevant. Obviously, for
different specialty, different groups will be in question. (Leida M Lamers & Vliet,
2004)
Table 2 shows prevalence of chronic conditions in the dataset. Over 71 % of all
people have not been classified in any of the groups. The most common group is
“Diabetes with hypertension” (16.2 %), followed by “Hypercholesterolemia” (8.1 %),
“Thyrhoid disorders” (5.6 %) and “Depression” (4 %).
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Table 2 Prevalence of the chronic condition in the researched dataset
Prevalence in the
dataset; per 1000

PCG
any classification

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Glaucoma
Thyrhoid disorders
Alzheimer, treatment through anytipsychotics, addiction
treatment
Depression
Hypercholesterolemia
Diabetes with hypertension
Chronic obstructive pulmonary disease (COPD), severe asthma
Asthma
Diabetes mellitus type 2
Epilepsy
Crohn's and ulcerative colitis
Heart diseases
(Rheumatic) diseases treated through TNF inhibitors
Rheumatic diseases not treated through TNF inhibitors
Parkinson's disease
Diabetes mellitus type 1
Transplantations
Cystic fibrosis or disease of pancreatic exocrine function
Diseases of brain or spinal cord
Malign tumors
HIV / AIDS
Renal failure
Treatment through growth hormone
Hormonal oncoligical therapy
Neuropathic pain

285.9
17.1
56.4
3.5
49.8
81.8
162.1
5.4
37.8
4.6
5.1
2.4
21.0
0.9
3.5
2.0
2.3
1.3
0.0
1.0
2.0
0.2
0.4
0.4
3.6
2.7

Source: author’s computations.

To the econometric analysis, we will include 25 dummy variables which equal
1 if the person is classified into the PCG-group. Thus, we will always compare being
part of the group with all other, who are not classified in this group. Groups are not
exclusive – a person may be classified into none, one or more PCG-groups. Besides,
we include dummy variable “pcg0”, which equals 1 if the person is not classified into
any group.
Additionally, we will examine whether classification into more than one group
at the same time is a significant factor. We will examine all double-combinations.
Furthermore, combination of PCG classification with age and gender will be
included.
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On the top of that, we will examine whether classification into more than one
group is significant factor no matter the combination. We will examine the variable
“pcg_combination” capturing the number of PCG the person is classified to and the
variable “numb_pcg” which takes value 0 for no classification, value of 1 for one
classification, 2 for classification into two groups, 3 for three groups, and 4 for
classification into more than three groups simultaneously.
Hospitalizations

Next, we will examine the information about hospitalization as a proxy for impaired
health status and therefore a proxy of risk of more expensive health care. In the dataset,
information about number of hospitalizations in both the observed period and a year
before is included. For both years, we are able to distinguish number of hospitalizations
related to the otorhinolaryngology from all other hospitalizations.
Table 3 shows number of hospitalizations related to otorhinolaryngology and
others in each years. Based on these results, we decided to restrict the number of
hospitalizations in each category and year into three groups: without any
hospitalization, hospitalized once during the period of interest and more than one
hospitalization.
Table 3 Frequency of hospitalizations in 2012 and 2013

ORL hosp., 2012
ORL hosp., 2013
other hosp., 2012
other hosp., 2013

0
82871
82010
73332
73008

1
2
3
4
1216
64 10
2
2050
97
6
1
8554 1599 434 134
8504 1771 514 183

5
1

6

7

8

9

10

11

12

16

19

68
89

16
51

12
17

5
12

6
5

1
3

2
3

2

1

1
1

Source: author’s computations.

Economic activity

The dataset obtains quite detailed information about the character of economic activity
of each insured person. In the following Table 4, the economic status is in the last
column. Some characteristics might be too detailed for our analysis, as they usually
obtain too few observations. Therefore, for the purpose of our analysis, some categories
were joined (column “economical categories”).
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Table 4 Economic categories
variable
payer
of
insurance

Econ_category1

Econ_category2

Econ_category3

productivity

economic categories

status

health
Employee
income as employee

Employee with uneven incomes

productive people in
productive period of
insured person and/or life
employer
Self-employed

secondary employment
self-employed
cross-border self-employed
without taxable income, receiver of
sickness benefit

without any taxable income

without taxable income
women in maternity or parental
leave, receiver of parental benefit

people
without
income
in
productive period of
life

person carrying
person or a child

about

disabled

person taking care of other person or
child or person receiving such care
person taking care of children

others

person in military service

unemployed
registered
by
employment office
unemployed person searching for unemployed
registered
by
job, people receiving social benefits employment office
people receiving material need
benefit
children until finish of obligatory
education

state

person under 18
children and youth
withhout income

dependent child after achievement
of obligatory education
Minor people institutionally upbringing

students and volunteers

Student
Long-run volunteering
receiver of disability pension
receiver of additional pension from
saving for retirement

receivers of pension
(oldold age or disability pension
age/disability/other)

person in old-age pension or fully
disabled with no pension entitlement
receiver of old-age pension
receiver of pension other than oldage or disabled

unknown payer of
health insurance or
without obligation of
payment of health
insurance

unknown payer of
health insurance or unknown payer of health insurance payer of health insurance unknown
without obligation or without obligation of payment of person without duty of payment of
of payment of health health insurance
health insurance
insurance

We can observe that economic activities are not evenly distributed which is not
surprising due to the very detailed character of the variable. In the case that the
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information is still too detailed for the analysis, a very rough categorization captured
in the second column can be used.
Permanent residency

Regional differentiation is not a common risk-factor in case of health care costs
examination as it should not cause any risk. However, there might be differences in the
incidence of particular conditions caused by the level of urbanization. Moreover, even
though physicians should provide the same care regardless their residence, there might
be different treatment or reimbursement conventions among regions.
In otorhinolaryngology, some parts of the care of outpatient providers might be
to some extent a substitute to the care of general practitioners. In regions where there
is lack of outpatient providers or with strong general practitioners, patients may visit
specialist only with very severe conditions. Different results for different region may
be a signal for the insurance company to focus to some part of the Czech Republic. It
may then specify contracts differently or it may cooperate with other insurance
companies and try to employ more providers in the region.
Even though including patients’ permanent residence into the analysis is questionable,
for the reasons stated above we think it is reasonable to include it in the analysis and
to test its significance.
The dataset contains information about districts of patients’ residence on the level of
“small regions”3 (NUTS 34). It should be stated that the residency does not have to
correspond to the region where the care was provided since patients can choose their
provider unlimitedly.
The people in the dataset are distributed very unequally among the districts (from 38
up to 9292 people in single districts) but also among small regions (Figure 1). Still, we
consider the number of people in the districts enough big for significant results.

3

Kraje

4

The transformation from NUTS to NUTS3 is done according to the Classification of Territorial

Statisticla Units (CZ-NUTS)
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Figure 1 Distribution of people in the dataset among regions
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5 Calculation of expected costs –
methodology
5.1 Preliminary diagnostics of the model
5.1.1 Potential problems when analyzing the health care data
There are several features, typical for health care data, that make its modelling
complicated. Firstly, commonly used dependent variables often contain a high
proportion of zero values. When looking at the population, for example, there are many
people who have not demanded any health care during the observed period. Secondly,
the cost data are always non-negative, which means that their distribution is limited
from the left hand side. Last but not least, distribution of the non-zero values of costs
is usually skewed and far from the normal one. (W G Manning & Mullahy, 2001)
Except for the skewness, such characteristics imply heteroskedastic log-scale
errors if modeled using ordinary least squares, non-standard shape of probability
density function and heavy tails. Furthermore, the results obtained may be overfitted
as a consequence of influential observations if raw-scale data are modelled. (Willard
G Manning, Basu, & Mullahy, 2005) Also, skewness of the data does not allow dealing
with extreme cases as with outliers. (Chalupka, 2010)
In case there appear many zero values in the explained variable, a two-part
model is usually suitable to be used, since it models the zero and the non-zero parts of
the distribution separately. (Liu, Strawderman, Cowen, & Shih, 2010)
After dealing with the numerous zero values, there may still occur the problem
with heteroskedasticity and other issues connected to the skewed distributions. There
are more possibilities to address these problems. The simplest one suggests application
of logarithmical transformation to the skewed dependent variable and using OLS for
modelling. Alternatively, exponential conditional models, generalized linear models or
multipart models which analyze individual parts of distribution separately may be used.
(Willard G Manning et al., 2005)
Zero values

Zero values in cost data appear whenever the observed people have not required any
health care during the period observed. This is a very common feature of the datasets
which consists of all insurees of one insurance company, or sample of population of
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one state/region. Given that our dataset comprises information about people who
visited any health care provider of our interest at least once during the observed year,
this issue should not occur when total costs of care are observed. However, the dataset
may still contain zero values for individual costs of different segments of care (cost of
services, cost of induced health care, costs of medication etc.) (Willard G Manning et
al., 2005) (Mullahy, 1998)
Outliers

Outliers can significantly influence the expected outcome. Shwartz & Ash (2006)
suggest that in every category which is being compared (episode-based models), we
should regard values as extreme ones whenever the logarithmical transformation of the
value exceeds the mean outcome of the category by more than 3 standard deviations.
We can then address the extreme values-problem by dropping them from the
analysis (truncation) or leaving the extreme observations in the analysis but replacing
their values by a lower value (top-coding). The second possibility is usually more
convenient since we do not loose information about observations with the extreme
outcome. The data manipulation will influence the coefficient of determination in any
way; the direction cannot be usually anticipated, though. (Shwartz & Ash, 2006)
Another possibility to deal with outliers is logarithmical transformation of the
estimated outcome (here costs of health care). (Shwartz & Ash, 2006) This approach
is also convenient, since it also deals with other issues like non-normal distribution
described in earlier. We will discuss this approach in the section 5.2.

5.2 Evaluation of dependent variables
This section assesses to what extent the selected dependent variables meet the above
stated typical characteristics of health data.
Zero-values

The dataset covers only insured people who visited any provider of interest during the
observed period. For this reason, the variable “total cost” contains only few of zero
values (0.5 %; Table 5). Similarly, when the insured person visits the provider, he or
she usually gets some treatment from the provider. Consequently, the share of zeros
for services is also negligible (0.6 %). As a result, the zero values should not cause
serious problems unless we choose the modelling approach which is incompatible with
any zero values at all.
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Data about prescribed medication and induced care shows totally different
pattern. Almost 50 % of observed people did not get any medication prescribed by the
providers of our interest. Moreover, over 76 % of patients did not get any induced care.
Table 5 Share of zeros on the different representations of costs
proportion of
zeros
total cost
0.005
services
0.006
prescription
0.493
induced
care
0.763
total care
0.005
Source: Author´s calculations
Distribution of dependent variables

Figure 2 indicates that the skewness of total costs and services is as expected. The nonzero values of prescription and induced care follow the same pattern. At the same time,
we can consider all the distributions as long-tailed. We should therefore consider
dealing with extreme values, which may influence the model results.
On the other hand, modelling of raw scale variables using ordinary least squares
would definitely provide misleading estimations.
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Figure 2 Histograms of the possible dependent variables

5.3 Selection of modelling approach
For testing of hypotheses using standard OLS, assumption of normality of residuals
has to be met. However, achieving normality is in many cases hard to reach. In the
previous section, non-normality of the distribution of dependent variables was
confirmed on the positive-value part. In this section, we address this problem and try
to find the best possible solution.
According to Central Limit Theorem, sample of population that is big enough
leads to normality. Also, for a large number of observations, the assumption of
normality can sometimes be considered as fulfilled even though it is not confirmed by
the corresponding tests. (Cipra, 2008)
For analyzing large datasets with nearly-normal sample mean, Mihaylova et al. (2011)
suggest using as simple method as possible.
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Cipra (2008) recommends to accept non-normality and to use specific models,
to use robust methods insensitive to probability distribution, to model outliers by
dummies or to transform the dependent variable.
As was already mentioned, specific features of health data may be overcome
by different procedures. Each of them has its pros and cons (Mihaylova et al., 2011) –
these are discussed below.

5.3.1 Normal distribution-based analytical approaches
These methods consider both methods of computing sample means in profiling based
on grouping as well linear regression. One of the main advantages is that they are easy
to implement and calculate on the scale of interest. Therefore, there is no risk connected
to transformation back and forth. For randomized data, they also provide unbiased
estimates. However, their sensitivity to extreme values and inability to handle with
non-normal distributions makes them inappropriate for analyzing data of our interest.
(Mihaylova et al., 2011)
Sometimes, truncation or trimming of the data can be used to overcome outliers
(Thomas & Ward, 2006). This is, however, recommend only if the data are
contaminated. This should not be the case of health care cost data, in which zero and
extreme values carry true information. (Mihaylova et al., 2011)

5.3.2 Ordinary least squares of log-transformed dependent variable
Probably the most straightforward method to address the problematic aspect of datasets
is the log-transformation of dependent variable which eliminates heteroscedasticity and
skewness. (Cipra, 2008) However, it should be noted that with every transformation
we lose some information and that logarithmical transformation can be applied on nonzero positive values only (Shwartz & Ash, 2006).
Since we are not interested in the logarithmical estimates, the backward
retransformation back to original scale is necessary. If the error terms follow the normal
distribution, exponentiation can be used with no concerns. However, non-normally
distributed heteroscedastic error terms may lead to biased estimates after
exponentiation. Furthermore, skewed distributions or bad-shaped distributions may
imply imprecise results after incorrect backward transformation. (W G Manning &
Mullahy, 2001) (Mihaylova et al., 2011)
Academicians often recommend to use the Duan’s smearing estimator. (Willard
G. Manning, 1998) For the purpose of this thesis, we will use smearing estimator
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defined by Buntin & Zaslavsky (2004). It is defined as the average of exponentiated
residuals ( 8).
𝑛

1
𝑆 = ∑ exp(𝑒𝑖 )
𝑛
𝑖=1

( 8)
where 𝑒𝑖 are residuals from the OLS regression of the log-transformated outcome of
interest and 𝑛 is the number of observations. The exponentiated estimate of the
outcome variable is then defined by ( 9).
𝐸(𝑦|𝑥, 𝑦 > 0) = 𝑆 exp(𝑥 ′ 𝛽)
( 9)

5.3.3 Generalized linear models (GLM)
Generalized linear models are an alternative approach to data transformation
used to overcome bad-shaped distributions. They still provide linear estimations, yet
they do handle with non-normal distribution of error term. They can overcome
skewness by weighting the variance and, if applied on raw-scale data, they do not
require backward retransformation. Thus, the models are convenient for costdifferences testing. (Mihaylova et al., 2011)
As any other method, there are some drawbacks. According to Mihaylova et al.
(2011), GLM are applicable on heavy-tailed variables, however they may estimate the
outcome very imprecisely (W G Manning & Mullahy, 2001). Heteroskedasticity on the
error term may also cause problems if not modelled properly. (Mihaylova et al., 2011)
Moreover, incorrectly chosen GLM model may yield overfitted estimations. (W G
Manning & Mullahy, 2001)
The most common link functions used in the GLMs are the log normal or
gamma processes. (Buntin & Zaslavsky, 2004) (W G Manning & Mullahy, 2001) For
modeling as distortive data as our dataset, Willard G Manning et al., (2005) suggest
using the gamma distribution. The reason is that it chooses special cases with high
probability without losing precision in the slope. Moreover, it approximates log-normal
or exponential models better if the data do not perfectly fit any of them. As any other
method, the gamma distribution has some drawbacks. There does not exist any robust
variant of general gamma models. However, incorrectly chosen distribution does not
imply biased estimates. Therefore, detailed examination of the data distribution needs

30

to be done before decision about the particular version of GLM model. (Willard G
Manning et al., 2005)

5.3.4 Models based on multiple distributions
Models based on several distributions can overcome many of the issues of health care
data. The outcome is, however, dependent on correct choice of optimization procedure
and assumption that overlapping of distributions is absent. (Mihaylova et al., 2011)
Overlapping of distributions is not a risk in case the data comprise of a single
distribution of positive values and large amount of zeros. In such case, two-part models
are recommended. Logit or probit can be used for modelling the first part of the
distribution, while the second part is modeled by OLS, OLS on log-scale or an
appropriate GLM. (Mihaylova et al., 2011)

5.3.5 Model selection
Above we tried to capture pros and cons of several approaches that deal with the typical
characteristic of health care cost data. None of the possible methods is strictly preferred
– any method may slightly more appropriate for particular outcomes and particular
datasets. Moreover, the aim of estimation and the point of view of the evaluator
matters.
While many authors are concerned about the choice of modelling approach,
there are researchers (for instance Vivas et al., 2011) who simply assume normality,
homoscedasticity of variables in large samples and linearity of the cost of pharmacy
expenditure model. Still they ensure the results by applying logarithmical
transformation. Also Mihaylova et al. (2011) suggest usage as simple method as
possible when analyzing large datasets with near-normal distribution. For the use in
practice, simplicity is an important precondition for larger implementation of the
model.
Since all the dependent variables of our interest meet at least some of the
specifics of the health care data described in section 5.1.1, normal distribution-based
models on original scale were excluded from consideration at the very beginning.
As the data are not contaminated, neither trimming nor truncation of extreme
values followed by normal-based modelling were considered as appropriate. This
decision was also supported by the fact that such methods would help to limit extreme
values but would not improve the distributions of the explained variable, as is shown
on Figure 3 and Figure 4.
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Figure 3 Histograms of dependent variables, winsorized at 0.5 % of total volume

Figure 4 Histograms of variable “total care”, winsorized at 0.5 % of total volume
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On the other hand, for variables “total cost”, “total care” and “services”, zero values
can be considered as contamination of the data. The reason is that we observe people
who visited providers of interest at least once during the observed period, so that we
can expect them to receive at least some service. Since we are concerned (by the
character of data collection) by patients with positive costs only and these cases are
very rare, we can drop observations with zero values of abovementioned variables out
of the analysis.
The problem of heteroskedasticity may be overcome by GLM or logarithmical
transformation of the data followed correct backward retransformation. (W G Manning
& Mullahy, 2001) To decide between these two variants for modeling the non-zero
values, we followed Buntin & Zaslavsky (2004). First, we examined the distributions
of the raw scale of outcomes. Then we examined the distribution of log-transformed
positive-value parts of variables. As Figures (Figure 5, Figure 6) show, the distribution
of the variables improved significantly towards the normal distribution. Therefore, as
Buntin & Zaslavsky (2004) suggest, we employ OLS on log-scaled variables.
However, since we cannot achieve perfect normality, the estimations in the original
scale (CZK) must be obtained by multiplying the estimations in log-scale by the
smearing factor 𝑆 as defined by ( 8).
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Figure 5 Distribution of positive part of dependent variables after logarithmical
transformation
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Figure 6 Distribution of the positive part of the variable “total care” after
logarithmical transformation

5.4 Results of risk-modelling
5.4.1 Testing assumptions
The procedure of selection of the model as described in previous section should be as
a next step confirmed by comparison distribution of the error terms from both OLS on
log-scale and GLM on raw-scale. (Buntin & Zaslavsky, 2004) Figure 8, Figure 7 and
Figure 9 support choosing the model of OLS on log-scale for “total_cost”, because it
provides much better distribution of error terms. The chosen OLS model of total cost
will be further described in following section.

Figure 8 Distribution of residuals
from the GLM log-normal model
of “total cost”

Figure 7 Distribution of residuals
from the GLM Gamma model of
“total cost”
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Figure 9 Distribution of error
terms of the OLS model applied on
log-transformed “total cost”
As was stated above, since error terms are not perfectly normal, we should use
smearing when doing the backward retransformation.
In all models, heteroscedasticity remains present. Therefore, we use robust
standard errors for significance evaluation.

5.4.2 Variables selection
To decide on used variables, we employed a stepwise selection manually and examined
significance of all variables of interest (see section 4.2.2), namely age, age2, gender,
NUTS3 (“small regions), hospitalization connected ORL diagnosis in 2012 and 2013,
hospitalization because of another diagnosis in 2012 and 2013. Then all three
represenations of economic activity, PCG-classificatin and number of chronic
conditions.
Furthermore, we included interaction terms of some of the variables to see the
influence of these variables conditional on values of other ones. However, not all
interactions were covered – we explored only those interactions which were rationally
justified. Specifically, we looked at the interaction terms age-gender, age2-gender and
age-hospitalizations. It was assumed that the distribution of costs for men and women
may not follow the same pattern (some health conditions appear in one gender only or
with higher frequency). Further, relationship between age and number of
hospitalization was expected.
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For the PCG-groups we intended to explore all double combinations as well as
combinations with age and gender. Since, as we will see later, only few PCG
combinations were significant factors, we decided not to include any combinations.

5.4.3 Assessment of the quality of models
Standard measure for assessing the quality of risk-adjustment model is the coefficient
of determination which shows how much of the variability of the explained outcome
is caused by the variability of explanatory variables.
Unfortunately, all models explain extremely small part of non-zero costs of
health care, as can be seen in Table 6. Only 3-4.7 % is of the variability is explained
depending on the model.
We attempted to increase the quality of models by including or omitting
variables and their interactions, however, the coefficient of determination remained
low. Unfortunately, due to the limited availability and reliability of health care data in
the Czech Republic, it was not feasible to obtain additional data to improve the model
and we had to work with given dataset.
Table 6 Coefficients of determination of models of positive parts of distributions
of cost

total cost
services
total care

R2
0.0345
0.0468
0.0316

Source: author’s computations.

5.4.4 Significance of risk-factors
We decided to include variables into models if they were significant on the 10 % level
of significance (see Table 7 for results). As far as the explained variable is in the
logarithmical scale, interpretation of coefficients is not reasonable. However, the sign
of the coefficient shows the direction in which explanatory variables influence the
explained one.
Finally, variables age, age2, gender, PCG “asthma”, number of hospitalization
and region of residence were included in all three models. Additionally, PCG
“depression” and “chronic obstructive pulmonary disease (COPD) and severe asthma”
and interaction of age and number of hospitalizations proved significant in particular
models.
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Table 7 Resuls of regression models
Total cost

Total care

Services

(Intercept)
age
age2
gender = female
pcg - Depression
pcg - COPD & severe asthma

6.8341
-0.01128
0.000144
-0.12156
0.042291
0.12116

***
***
***
***
**
**

6.8852
-0.00986
0.000125
-0.12665
0.048814
0.11846

***
***
***
***
**
**

6.7485
-0.01443
0.000164
-0.13006

***
***
***
***

pcg - Asthma
h2012_orl_rest=1
h2012_orl_rest=2
h2012_other_rest=1
h2012_other_rest=2
h2013_orl_rest=1
h2013_orl_rest=2
h2013_other_rest=1
h2013_other_rest=2
NUTS3 - Středočeský kraj
NUTS3 - Jihočeský kraj
NUTS3 - Plzeňský kraj
NUTS3 - Karlovarský kraj
NUTS3 - Ústecký kraj
NUTS3 - Liberecký kraj
NUTS3 - Královéhradecký kraj
NUTS3 - Pardubický kraj
NUTS3 - Vysočina
NUTS3 - Jihomoravský kraj
NUTS3 - Olomoucký kraj
NUTS3 - Zlínský kraj
NUTS3 - Moravskoslezský kraj
age:gender= female

0.14412
0.19654
0.46028
-0.07117
-0.00743
0.54606
0.75833
-0.04485
0.039163
-0.05754
-0.31509
-0.12684
-0.31554
-0.21446
-0.1645
-0.2946
-0.26702
-0.4033
-0.37371
-0.26263
-0.26166
-0.27289
0.012629

***
***
***
***

0.14769
0.1859
0.44055
-0.07165
-0.00665
0.53876
0.75584
-0.05043
0.048453
-0.06364
-0.30611
-0.11392
-0.30767
-0.223
-0.17764
-0.30022
-0.27209
-0.3923
-0.3696
-0.22147
-0.27264
-0.27846
0.012948

***
***
***
***

0.097492
0.28198
0.36224
-0.06064
-0.00755
0.56684
0.74324

***
***
.
***

***
***
***
***
***
***
***
***
***
***
***
***
***
***

-0.05935
-0.34785
-0.14952
-0.30689
-0.2157
-0.19528
-0.32888
-0.32405
-0.41106
-0.43237
-0.3134
-0.29043
-0.3443
0.012701

***
***
***
***
***
***
***
***
***
***
***
***
***
***

age2:gender= female
age:h2013_orl_rest=1
age:h2013_orl_rest=2
age:h2012_other_rest=1
age:h2012_other_rest=2
age:h2013_other_rest=1
age:h2013_other_rest=2
age:h2012_orl_rest=1

-0.00015
-0.006
-0.00892
0.001419
-0.00065
0.000639
-0.00193

***
***
.
***

-0.00015
-0.00484
-0.0073
0.001483
-0.00077
0.000957
-0.00187

***
***

-0.00015
-0.00608
-0.01018
0.00127
-0.00031

***
***
*
**

age:h2012_orl_rest=2

***
***
**
***
***
***
***
***
***
***
***
***
***
***
***
***
***

**

***
***
**

***

***
***

*
**
-0.00443 ***
-0.00346

R2
0.03451
0.03155
0.04678
Note: Signif. Level: 0 ***, 0.001 **, 0.1 *
Note: H2012_orl_rest, H2012_other_rest, H2013_orl_rest , H2013_other_rest represent the number
of hospitalizations. It equals 0 if patient were not hospitalized, 1 if he was hospitalized once; =2 if
hospitalized twice and more.
Source: author’s computations.
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5.4.5 Results
Models provide these results:


All costs, that is costs of treatment from one provider (“total costs”), costs
including induced care (“total care”) and cost of service of original provider
only (“services”)5, are falling down with age in an increasing rate.



Women have lower “total cost”, “total care” as well as “services”.



As expected, people who were hospitalized with an otorhinolaryngologic
diagnosis once during the previous year, have higher costs of services in the
observed period. For all measures of costs, there was an impact of
hospitalization (otorhinolaryngology) in the observed year even higher. On the
contrary, hospitalizations with another diagnoses in both observed and previous
year have negative impact on all “total cost” and “total care”. Impact on
“services” is not significant and was excluded from the model.



The categorical variable “small regions” was found significant on all levels.
Patients of all small regions exert on average lower costs than people from
Prague, to which we compare all others.



From the examined interaction terms the age interacted with gender and all
variables that capture hospitalization.



Several chronic conditions (based on PCG-clasification) affect the level of
costs. For costs of services only, there was only one significant chronic
condition – “Asthma”. For total costs with or without induced care, beside
“Asthma” also PCG “COPD & severe asthma” and “Depression” were found
significant.

We have not found any influence of the number of chronic conditions nor of the
economic activity on the outcome variable.

5

For detailed decription of variables, see section 4.2
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5.5 Result interpretation
Overall, the models explain the selected measures of cost quite poorly. Therefore, we
have to interpret results with caution. Still, we believe that there are some interesting
findings in the model which are worth pointing out.
First of all, we have found that chronic conditions, as defined by the PCG
model, could be employed as risk-factor of specific costs of care also on a specific
selected group of insured people. Not surprisingly, asthma and COPD were connected
with higher costs of care. However, in the model in which we analyzed services only,
COPD was not found significant. This indicates higher costs of prescribed medication
of these patients which might be caused by (i) higher volumes of prescribed drugs or
(ii) higher costs of prescribed medication. The latter might be reasonable because
patients with chronic condition might need special medication that do not
contraindicates with their long-term medication (for instance, medication with higher
active substance, medication that do not contraindicates with used by the patient, etc.).
In all three performed models, depression proved significant predictor of
increased costs.
At the beginning, we admitted that regional differentiation is not risk-factor as
such. Yet, we included the variables of permanent residency in small region of the
Czech Republic in the analyses. The reason was that even though regional
differentiation does not influence health status of people, health care might be
differently accessible across regions which may influence the level of costs. If health
care is easily accessible and the system works properly, only relatively more severe
cases will reach the care provided by specialists and less severe conditions will be
treated by general practitioners. Also, the level of urbanization may have some impact;
if specialist are easily reachable (as can be expected in larger cities), patients may
overuse their care. Finally, there might be differences in treatment provision among
regions and different level of costs may reveal them. On top of that, significant impact
of regions may be a valuable piece of information for the health insurance company
since it can focus their activities in regions with higher costs.
In our analyses, we found that costs of patients from the capital city are higher
than costs of all others. As discussed above, one explanation for this is higher
accessibility of specialty care and its overuse by patients.
As was mentioned several times, poor quality of our models limit the validity
of results. There are several possible explanations for this phenomena. First, most of
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the literature focusing on risk-adjustment use data for primary care as a whole or
overall health care which is better for predicting costs based on personal characteristics.
Papers that focus on particular specialty use data about the whole population (Kang &
Hong, (2011) for instance). In our case, only data for part of patients (insured by one
particular health insurance company) were available. Moreover, the examined
specialty – otorhinolaryngology – is quite specific and it is possible that costs of
different medical specialties would be easier to predict.
Additionally, the group of analyzed provider was defined quite narrowly as
those who do not treat under the contract of any other specialty and those that work as
single physicians. Therefore, we completely omitted otorhinolaryngologic outpatient
care provided in hospitals and by other large providers of care that unit more providers.
Therefore, we omitted part of the production in the field.
Further research on real Czech data is needed. Even though methodological
issues observed in health care data were overcome by researchers, their applicability
to claims data provided in the Czech Republic proved to be limited. Future research in
the field may focus on other medical specialty where results may be different due to
the specific character of our case.
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6 Profiling
This chapter is devoted to profiling of providers. The aim is to identify providers with
significantly higher costs than those their counterparts (respectively lower) rather than
to construct a full of ranking of them.
Based on the arguments summarized in section 3.1, for assessment of health
care costs reported by outpatient providers we decided to use the ratio-based profiling
method of indirect standardization. In the previous section we constructed expected
costs. In this section we will assign these expected costs to the corresponding
physicians, construct ratios and finally compare the results for selected cost measures.

6.1 Methodology
6.1.1 Attribution of costs to the providers
First, we have to attribute costs to particular providers in the case that patient visited
more providers in the observed period. We have a list of providers and patients;
similarly, we have the total sum of cost of care the provider reported to the health
insurance company for each patient.
During the observed period, patients may receive health care services from
several outpatient providers within the same specialty and thus any patient may appear
several time in the dataset that matches patients to providers. The matching dataset
includes an information about the volume of services, prescription and induced care of
each patient whose provider charged the insurance company. However, we still need
to match the estimated costs.
Decision about responsibility for the costs and estimated costs of the patient is
not trivial. Nevertheless, it is crucial for the accuracy of provider’s profiles. (Thomas
& Ward, 2006) Several methods of attribution exists.
First option is to attribute them according to the costs of care. We may assign
the whole amount of estimated costs of care to the physicians who performed the most
expensive treatment and do not take into account the care patient received by other
provider. The drawback of this approach is obvious – we lower the costs of some
providers at the expense of others. (Thomas & Ward, 2006)
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The second possibility is to set an arbitrary percentage level from which the
costs of the patient and the estimated costs will be assigned to the physician or,
alternatively, from which the estimated costs will be assigned to the provider as a
whole. For example, we will consider all physicians generating at least 20 % of the
patient’s costs as responsible for all the costs of health care of the patient. The logic
behind is that if the provider participated significantly on the care, he or she should be
responsible for the whole costs. It will assign probably nearly all costs of care. On the
other hand, some costs will appear at ratios of two or more providers and thus have
bigger weight in the analysis. Also, some providers might be disadvantaged by
assigning more expensive care of their peers, which they would not prescribe
otherwise, what in turn weakens the credibility of scores. The higher is the minimal
level of responsibility, the fewer patients are counted but also the share of costs falling
out of ratios rises. Finally, setting the level to 50 % will virtually prevent from double
appearance, but remove many of them. (Thomas & Ward, 2006) Thomas & Ward
(2006) also show that the suitability in the scores resulting from the different minimum
levels (20 %, 30 % and 50 %) depends on the specialty of interest, the aim of the
comparison (searching for cost-efficient providers vs. cost-inefficient) and also on the
rule addressing the selection of outliers. Thus, it gives ambiguous recommendations. It
has to be beard in mind that this approach makes some providers responsible for some
care which they did not performed and we cannot be sure whether the provider would
performed it if the patient did not visit the other provider.
Another possibility is to assign the episode or costs to the physician who was
visited by the patient during the episode most often. This approach avoids attribution
of the episode to the physician with few high-cost treatments and is thus recommended
to be used when observing the quality of health care. (Higgins, Zeddies, & Pearson,
2011)
Another possibility is to divide the estimated costs of each person with multiple
occurrence by the providers in the same share they provided their services to the
person. Such approach is again not fair to the provider who reported less care because
we cannot be sure whether it was appropriate from the provider of the more expensive
to provide such care.
Overall, attribution of costs of patients who visited more providers during the
observed period is questionable. For the purpose of this study, we decided to dismiss
all such patients from the analysis – even though we miss some information about the
provided care, we found this approach more transparent.
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6.1.2 Choice of providers
The providers differ significantly in terms of number of people served in their office
(Figure 10).
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Figure 10 Number of patients, who appeared in office of exactly one provider
and had non-zero costs during 2013
It is convenient to compare providers with substantial number of patients only.
We will follow the approach of Thomas, Grazier, & Ward (2004) who set the lower
limit of patient served to 25. As a consequence, we will drop out 38 providers from the
analysis and focus on the rest of 314 providers. This restriction does not influence the
expected costs, as it will still be computed on the whole patient dataset.

6.1.3 Profiling methodology
Profiles of providers were constructed based on the method of indirect
standardization, as described in section 3.1.3. This process is as follows. At first, we
computed the expected costs on logarithmically transformed strictly positive values of
each measure of cost of our interest. To retransform the expected costs backward to the
traw-scale (CZK), we exponentiated the expected value and multiplied the result by
smearing estimator ( 9) to obtain the raw-scale costs. Finally, we summed the volume
of costs and expected costs (both in CZK) and divided the two numbers.
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6.2 Profiles of providers
We computed cost ratios for all three measures of costs examined (“total cost”, “total
care”, “services”). Figure 11 depicts the profiling for the variable “total care”. Figure
12 shows the scores of the variable “services”
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Figure 11 Profiling scores based on variable “total cost”
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Figure 12 Comparison of profiling scores based on variables “total cost”, “total
care” and “services”
However, since the regression model captures only 3.5 % of the total variation of “total
cost” (3.2 % of “total care” and 4.7 % of “services”), these profiles serves as an
illustrative example of profiling.
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Since we are interested in cost-inefficiency, we need to capture the providers which are
on the top of the profiling. We follow Thomas et al. (2004) Kang & Hong (2011) and
consider outliers as those who are in the highest decile of the profiling. The first outlier
for “total cost” had the profile equal to 1.346. We consider provider as outliers based
on the “total care” if their ratio is equal or higher than 1.288 and in case of „services“,
the threshold is 1.388407.
There are several options of comparison of profiles: either exploring different
kind of cost or to evaluate consistency of different approaches to the profiling. To
compare the profiles of different cost measures (“total cost”, “total care”, “services”)
we followed Thomas et al. (2004) and Kang & Hong (2011) at the percentage
agreement of the high. Following table shows the agreement for all the ratios of
different cost measures is very high.
Table 8 Agreement between ratios based on different cost measures
total cost total care services
total cost x
0.94
0.84
total care
0.94 x
0.77
services

0.84

0.77 x

Source: author’s computations.

This section provided only an illustrative example of profiling based on indeirect
standardization.
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7 Conclusion
The aim of present study was to explore possibilities of economic evaluation of
outpatient health care providers in the Czech Republic and their applicability in
practice. In particular, it analyzed ways to assess providers within one specialization
of outpatient care, otorhinolaryngology. For that purpose, claims data from outpatient
providers from one health insurance company were used.
Patient-based profiling was preferred over episode-based methods due to the
structure of the dataset. From the approaches of ratio-construction and incorporation
of risk-adjustment, indirect standardizations was employed. This method divides sum
of expected costs by sum of representation of actual costs.
Three measures of cost were examined. Firstly, we were interested in total costs
of the care of a particular patient. However, costs of induced care may bias the results
because the original provider is not able to control them and these costs may not be
assigned correctly due to administrative difficulties. For that reason, costs generated
from one provider were explore. Finally, the cost of services separately was
investigated. Therefore, following measures were examined in the analysis: sum of all
costs of care patients consumed on behalf of each provider (services, prescribed
medication, extra charged medical mediums, extra charged material and care induced
to be performed by other providers), all cost generated by the provider itself (the
previous representation of costs except induced care) and volume of services only.
As expected, cost variables exhibit several distribution issues (skewness,
restriction to positive values, heavy tails). However, thanks to the definition of these
measures, only few zero values were. Several options to overcome distribution issues
were analyzed and logarithmical transformation was selected as most appropriate
method.
In the final model, demographical characteristics (age and gender), number of
hospitalizations, chronic conditions such as asthma, pulmonary disease and depression,
and residence of the patient were found significant in explanation of the costs.
Contrarily, variables representing economic activity, chronic conditions apart from
these stated above and number of chronic conditions failed to explain costs of care.
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The interpretation of results have to be cautious since the model explain only
small part of the variation in costs. Poor quality of the model may be caused by several
reasons. First, selected variables may fail to explain non-random part of costs. We
employed variables regularly used in literature, however, we were limited by the
available dataset. Second, we explored only one selected medical specialty
(otorhinolaryngology) and costs of this care might be so specific that it is not possible
to explain them by patient characteristics. Finally, little variation explained may
originate from narrowly defined sample of population (insure of one insurance
company only) and strong exclusion criteria on the side of providers.
Even though the model captured only small part of variation of costs, available
profiling methods were examined and illustrative results were shown.
Despite our best effort, we failed to provide economic evaluation of health care
providers using risk-adjustment methods and profiling. Available data were not
capable to explain variation between providers. Therefore, we conclude that (i)
administrative data lack some information that explains differences in individual
patient costs, (ii) analyzing only part of providers production (in particular, care that is
reimbursed by one particular health insurance companies) may cause distortions and
population-based approach should be employed, and (iii) other medical specialty
should be examined to prove or disprove applicability of risk-adjustment and profiling
methods to Czech health care data.
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9 Appendix

Appendix 1 Graphical analysis of error terms of the variable “total cost”
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Appendix 2 Graphical analysis of error terms of the variable “total cost” with
extreme values limited by 0.5 % of the total cost

