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Abstract

In the paper the costs of Polish county hospitals in 2015-2018 are studied using behavioral
cost function. The set of variables combines hospitals’ characteristics which may determine
their level of costs, such as the form of ownership, bed turnover rate, number of patient-
days and share of beds in emergency department with environment characteristics which
may influence both outsourcing costs and patients’ health. In 2017 the system of basic hos-
pital service provision (hospital network) was introduced in Poland. Dummy variables
included in the model represent the category of hospital in the system. The results show that
the costs may be described using fixed effect panel model. Positive impact of percentage of
emergency department patients transferred to other departments and of wages is found.
Higher ratio of residents and interns to doctors is found to decrease costs. Dummy variable
for the period after the introduction of hospital network assumed a negative sign with costs,
but the parameter remained insignificant.

Introduction

Specifics of the hospitals services does not release the managers from pursuing efficiency and
avoiding wasting resources. [1] emphasizes the role of costs in the decision-making which
takes place within management of hospitals, presenting also results of the questionnaire related
to the approaches to costs calculations and usage of costs-related information by managers.
Such information is useful mainly in budgeting and planning, costs control and profitability
analysis. What is worth mentioning, the paper points out to the insufficient degree of the usage
of this information in negotiations with the payer. Due to the fact that hospitals’ income is usu-
ally fixed in a way, costs are the only determinant which may be used by decision-makers in
order to improve hospitals’ financial results [2].

In Poland the problem of cost containment in healthcare sector seems especially important
due to the combination of unfavourable factors, i.a.: system focused around hospitals, overca-
pacity, low outpatient care [3], relatively low spending on healthcare, changes in the legal envi-
ronment, lack of personnel and increasing debts[4].

Apart from some minor changes (e.g. employment norms for hospital nurses introduced in
2019 [4]), latest big reform of healthcare system in Poland was the introduction of the system
of basic hospital service provision (hospital network) in 2017 [5]. Hospitals in the network
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have guaranteed financing from National Health Fund (polish: Narodowy Fundusz Zdrowia,
NFZ) on lump sum basis. They are classified into one of seven categories which are summa-
rized by [3].

Costs analyzed in the current paper result from operating activity and are the sum of amor-
tization and depreciation, materials, energy, external services (medical and non-medical), pay-
roll, social security and other benefits, taxes and charges and other costs by type.

Apart from the cost models strongly based on microeconomic theory, which use outputs
and prices, in the literature one can find also behavioral models, which include variables
related to various characteristics of the hospital [6, 7]. There are also hybrid models [7-9],
which contain variables from both of those groups: production-related and non-production
characteristics. The model presented in the current paper may be considered as belonging to
the category of behavioral models. The goal is twofold: firstly, to describe hospital costs using
econometric approach which was beforehand successfully implemented in hospital studies in
the western literature (i.a. [10-13]). Secondly, the effect of the hospital network on costs is
taken into account. It is verified whether hospital costs went down after inclusion in the
network.

This approach is adopted due to several reasons. Firstly, the dataset obtained by the author
is limited and the most data is aggregated by accounting categories. Secondly, in the current
paper the goal is to estimate a cost functions that help to describe and model the costs. The
objective is not to discuss whether hospitals are cost-minimizers and act at the optimum point.
Additionally, due to the abovementioned changes which influence both the hospitals and their
environment it is doubtful that during the analyzed period hospitals may be assumed to per-
form at optimum level.

The paper is organized as follows. The next part presents dataset, variables and model.
Third section provides estimation results, while comments and discussions belong to the
fourth part. The paper is concluded with summary, which states the conclusions drawn from
the analysis and limitations.

Materials and methods
Data

Dataset used in the current paper does not include many of categories suggested by Kurup in
the ideal approach [7], because it has been created for different reasons. Despite that fact differ-
ent cost categories are available which allows for calculation of costs related to operation and
the output.

Data used in the current study were provided by the Polish Association of Employers of
Poviat Hospitals (OZPSP-Ogolnopolski Zwigzek Pracodawcow Szpitali Powiatowych), which
associates hospitals that belong to Polish counties (powiats/poviats, i.e. the second-level units
of local government and administration in Poland). Hospitals belonging to the Association
gathered in 2019 data on their financial status during 4 previous years using questionnaire
focused mostly on the accountancy data.

Due to the fact that the questionnaire was voluntary, there are some cases of missing data
and ambiguous answers. After deleting such cases regarding the variables used in the study
and converting the dataset into a balanced panel 48 hospitals remained in the sample.

Unfortunately, there are no data concerning DRG present in the dataset, which leads to the
inability of DRG-weighting some of variables used in a model.

As mentioned before, costs resulting from hospital operating activity which are being ana-
lyzed are defined by the sum of amortization and depreciation, materials, energy, external ser-
vices (medical and non-medical), payroll, social security and other benefits, taxes and charges

PLOS ONE | https://doi.org/10.1371/journal.pone.0262646 January 18, 2022

2/14


https://doi.org/10.1371/journal.pone.0262646
http://ozpsp.pl
mailto:walmalozpsp@gmail.com
https://bdl.stat.gov.pl/BDL/dane/podgrup/temat
https://bdl.stat.gov.pl/BDL/dane/podgrup/temat

PLOS ONE

Costs of Polish county hospitals—A behavioral panel function

and other costs by type. For the sake of simplicity they are referred to further simply by costs
and denoted by C.

Data on the county (powiat/poviat) characteristics (outpatient medical advice per 10 000
population, share of population over 70, average gross monthly remuneration, number of
beds, population density per 1 square kilometre, doctors per 10 000 population and nurses per
10 000 population) were taken from the Local Data Bank of the Statistics Poland [14].

Average structure of costs (C), i.e. means and medians of percentage share of a given cate-
gory in costs is presented in Table 1. Considering the composition of costs, it may be noticed
that in all years payroll has the highest median share, followed by medical services and materi-
als. The same is true for means.

The choice of explanatory variables was based on the literature study. The following section
describes factors taken into account.

Variables

Hospital performance. To the best of author’s knowledge there is no unambiguous way of
measuring hospital output. There are different medical conditions which also are the function of
patients’ and their environment characteristics, and the quality of the care belongs to the subjec-
tive sphere, even though in the literature various proxies for quality are used: nurses per beds ratio
[15], readmissions [16, 17] and determinants of quality such as: HHI and buyer income [18].

There are different output variables in the models, usually determined by the research ques-
tion: [16] use total number of inpatient spells and outpatient attendances, [17] use total num-
ber of admissions, day cases and outpatient visits (DRG values), similarly [19] use DRG-
weighted inpatients and outpatients. Inpatient days are employed in [18], inpatient discharges,
outpatients visits and average length of stay in [12], and patient-days in [20]. In [21] it is
argued that patient days are better measure of output since the costs are connected to the num-
ber of days patients spend in a hospital. In the current study patient-days is used due to the
fact that discharges are aggregated in the dataset with deaths which could lead to the inclusion
of undesirable output in the model.

Apart from the patient-days Bed Turnover Rate Average (BTRA), calculated by formula (1)
is taken into account.

Table 1. Means and medians of percentage share of a given category in costs (C).

Amortization and depreciation
Materials

Energy

External services (medical)
External services (non-medical)
Payroll

Social security and other benefits
Taxes and charges

Other costs by

prRA = DBPEAD (1)
TOTBEDS

2015 2016 2017 2018

x Me x Me x Me x
5.276 5.535 5.363 5.544 4.661 4.986 4.573 4.882
14.976 15.605 14.559 15.369 14.377 15.104 13.647 14.358
2.207 2.287 2.0617 2.1336 1.9951 1.9986 1.8807 1.8505
21.601 23.275 21.877 23.572 21.732 23.6 23.15 24.58
6.071 6.07 6.08 6.099 5.961 6.313 59 6.201
37.75 38 37.62 38.16 39.32 38.93 39.55 39.35
7.886 7.6825 7.8166 7.6301 7.8569 7.6974 7.5676 7.5795
0.378 0.637 0.3628 0.5756 0.4541 0.5992 0.38549 0.52766
0.818 0.908 0.8412 0.9151 0.65751 0.7708 0.5812 0.6716

Values in percent’s. X stands for mean, Me-median. Values in columns do not sum up to 1 due to the fact that they represent means and medians of shares. Calculated

based on the data from Polish Association of Employers of Poviat Hospitals.

https://doi.org/10.1371/journal.pone.0262646.t001
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where:

DISDEAD-number of patients (discharged and dead),

TOTBEDS-total number of beds in a hospital.

Emergency activity is taken into consideration in [15] and in [22] emergency department is
seen to have an impact on costs. Emergency beds and emergency admissions were included in
[11] as well. In the questionnaire completed by county hospitals from which data for the cur-
rent study is taken, there was no direct question whether an Emergency Department (further
referred to as ED) or intensive care unit (further referred to as ICU) function in the hospital.
Therefore it is assumed that the hospital has these units if it reports a non-zero number of
emergency beds or ICU beds, respectively.

In a similar way as in [23], the source of admission is included in the model in form of P.ED
variable representing the ratio of patients transferred from ED to other departments to the num-
ber of patients admitted in ED (in case of hospitals with no ED this is assumed to be equal to 0).

Teaching status [9-13, 17, 20, 23, 24] is addressed only indirectly, because there are no uni-
versity hospitals or clinics in the panel. On the other hand, due to the fact that majority of hos-
pitals employ doctor interns and/or residents, a variable representing the ratio of them to
doctors was created in order to verify the impact of that personnel on costs.

Based on the literature, in the current study binary variable for non-public (commercial-
ized) hospitals is used. Adam et al. [6] used dummies for ownership in their cross-country
study, dummy for government owned hospitals is used by [21], dummies for different types of
hospitals are used in [9, 20]. Similarly [18] took into account different types hospitals—estimat-
ing the functions separately. The role of ownership is discussed in detail in [25].

Number of beds and contract with National Health Fund which may be used to represent
the size of hospital were to be included in the model, but after checking for multicollinearity
both were omitted due to the high correlation with patient-days (i.e. the output variable).

Category in the network. After clearing the data all hospitals in the balanced panel were
part of the hospital network. The number of security system profiles (polish: profile systemu
zabezpieczenia) which are covered by the network is not included in the dataset, hence the
level of security system is used to represent approximately complexity of the hospital and case
mix. This is represented in two ways: firstly, binary variables corresponding to each level are
introduced. They are assumed to reflect the general complexity and case mix in a hospital
(similar proxy was used by [18] in the form of the number of accreditations). Secondly, addi-
tional two binary variables for each level in 2017 and 2018 are present to reflect the change in
the first and the second year of the hospital network. Year 2017 was the first year in which the
hospital network was active, therefore it was decided to differentiate it from 2018. The registers
of hospitals included in the network were to be published for each province (voivodeship, i.e.
the highest-level unit of local government and administration in Poland) before the end of
June 2017 and they are in force from October 1* 2017 [5].

Wages and employment. Wages of both doctors and nurses [17] on an annual basis are
approximated by the ratio of personnel costs and contracts to the level of employment of a
respective group. Due to the fact that many doctors and nurses work in more than one health
facility at the same time, in the current paper full-time equivalent is used to measure the
employment of doctors and nurses instead of the number of people in the respective personnel
group. This is only one of the ways in which wages may be introduced to the model. [18] use
average employee wage determined by dividing the total payroll by the number of employees
(with some exclusions), in [11] wage index is used.

In the current study only two groups of personnel are taken into account while calculating
wages, while in the literature other professionals are taken into account as well: [23] included
variable representing nonphysician wage per fulltime equivalent employee, [17] also use
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variable called OTHERS WAGE, but it is not included in the current paper, due to the fact that
not all hospitals provided data related to the employment of other groups of personnel. The
author decided for including more hospitals and omitting this variable. Wages of other groups
are represented in a model by a RENUM variable, which represents the average monthly renu-
meration in a county in which a hospital is located. It may also approximate the costs of out-
sourcing, which is popular in Polish hospitals as a method of saving [26].

Environment. In the literature variables related to the environment include: Herfindal-
(Hirschman) Index [9, 12, 18, 23], income [13] or GDP per capita (which was included by [6] in
cross-country study), population density [13], doctors per population [13], unemployment rate [13].

Even though it may be expected that county hospitals are similar, because they were
founded by the territorial units of the same level, there are differences in their structure and in
environments in which they are operating. Hospitals located in small towns and satisfying the
demand for health services of the local villages are faced with different expectations and chal-
lenges than those located in cities which are counties in their own right. This is approximated
and addressed by the population density and average remuneration (RENUM). The reason for
including population density was explained by [9] who, following [23] stated that urban hospi-
tals are more costly.

In [9] it is stated that greater competition leads to higher costs, thus it should be addressed
in the model. In the literature market situation is proxied in different ways, e.g. [16] use the
number of hospitals in proximity, although it seems that the approach with Herfindal index as
a proxy for market is very popular.

In the current paper market position is proxied by Herfindahl-Hirschman Index (HHI) in
provinces calculated based on beds, following [27, 28]:

HHI = Z; sbeds’ (2)

where:

sbeds;—share of beds of county i,

n-number of counties in a province.

Environment variables in the current study are used to describe not only market conditions,
but the health status of population. As mentioned in [23] treating low income patients may
result in higher costs since those people may suffer from additional health issues. Thorpe [23]
relates this phenomenon to the share of patients admitted via ED and although similar variable
is also used in the current paper, it was decided to use more characteristics of environment
and potential patients. Number of doctors and nurses per 10 000 population and medical
advices per capita as well as the share of population over 70 are included. It is expected that
better out-of-hospital medical care and lower share of most vulnerable population should
translate into lower costs.

Model specification

In the paper panel models are used following [10, 16, 24].

Hospital costs are usually modelled using Cobb-Douglas [10, 15, 18, 19] or translog func-
tions [10, 19, 20, 29]. Both are linear in parameters which facilitates the estimation, because
non-linear methods or optimization algorithms are not needed. The Cobb-Douglas form is
preferred especially in smaller datasets due to the fact that it requires less parameters. In [15] it
is also pointed to the possible collinearity problems which may result from squared variables
in translog model. On the other hand such specification also involves assumption on the con-
stant and equal 1 elasticity of substitution which may be considered too rigorous in some
cases. It is pointed out, that in the literature there is no agreement about the form of hospital
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cost function [7, 24]. Flexible functional forms are discussed by [30]. Thorpe [23] uses semilog
specification, [19] used quadratic function as well, Vitaliano [31] used different specifications
which included squares of explanatory variables and logarithm of costs, and Li and Rosen-
mann [21] used generalized Leontieff.

In the paper semilog function is used following [23]. All the variables are in their logs apart
for dummies and non-binary variables representing shares which are allowed to be 0. The gen-
eral form of a model is presented in Eq (3). Natural logarithms are used.

In(C) = In(x,) + o, In(¥) + Y " X, + Y " pz, (3)

Where: C-costs, Y-output, X—vector of continuous variables capturing hospital and envi-
ronment characteristics, Z—the vector of dummy variables and shares capturing hospital and
environment characteristics.

The cost function is specified as (for the sake of simplicity time and observation indices are
omitted in the formula):

In(C) = In(x,) + o,In(PATD) + a,In(BTRA) + 0, COMMER + 0., ED + o, ICU + a,,P.ED
+ a,In(MEDAD) + o, PERC70 + oy In(WDOC) + o, In(WNURS) + o, P.TEACH
+ o, In(RENUM) + o, In(HHI) + o, In(DENS) + 0,,In(DOC) + o,4In(NURS)
+ o, AFTER2016 + o1, ,CAT.O + 0,, CAT2 + 01,, CAT3 + 0, CAT.0.17
+ 6, CAT2.17 + 0,; CAT3.17 + 0,, CAT.0.18 + 0,, CAT2.18 + 0, , CAT3.18  (4)

Where:

C-costs (sum of amortization and depreciation, materials, energy, medical and non-medi-
cal external services, payroll, social security and other benefits, taxes and charges and other
costs by type),

PATD-patient-days total,

BTRA-Bed turnover rate calculated as in formula (1)

COMMER-dummy for non-public hospitals,

ED-share of beds in an emergency department in the total number of beds,

ICU-share of beds in an ICU in the total number of beds,

P.ED-share of patients transferred from ED to other departments/wards in the total num-
ber of patients admitted in ED,

MEDAD-medical advice per 10 000 population in county,

PERC70 -share of population over 70 in county,

WDOC-doctors’ wage (approximated by the ratio of personnel costs and contracts to the
level of employment calculated for doctors),

WNURS-nurses’ wage (approximated by the ratio of personnel costs and contracts to the
level of employment calculated for nurses),

P.TEACH-ratio of doctor interns and residents to the number of doctors,

RENUM-average monthly remuneration in county,

HHI-Herfindal-Hirshfeld index for province (formula (2)),

DENS-population density (per 1 sq kilometer) in county,

DOC-doctors per 10 000 population in county,

NURS-nurses per 10 000 population in county,

AFTER2016 —dummy for years 2017 and 2018,

CAT.O-dummy for hospitals with category “other” in the hospital network,

CAT2 —dummy for hospitals with category “2” in the hospital network,

CAT3 -dummy for hospitals with category “3” in the hospital network,

CAT.0.17 -dummy for hospitals with category “other” in the hospital network and 2017,
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Table 2. Descriptive statistics of variables.

Total number of beds

Beds in emergency department
Beds in ICU

Patient-days total

Number of patients (discharged
and dead)

C
Doctors (costs and contracts)
Nurses (costs and contracts)

Doctors (full-time equivalent)
Nurses (full-time equivalent)
DENS

RENUM

DOC

NURS

HHI

PERC70

MEDAD

P.ED

BTRA

Doctor interns (full-time
equivalent)

Residents (full-time equivalent)
P.TEACH

Me
254.5
3.5
5
55961
10566

37070808

7379608

7983524

58.31
199.49
96.5
3363
30.25
50.7
0.1684
0.0958
64403
12.05
4250

1

6.51
0.1069

CAT2.17 -dummy for hospitals with category “2” in the hospital network and 2017,
CAT3.17 ~-dummy for hospitals with category “3” in the hospital network and 2017,
CAT.0.18 -dummy for hospitals with category “other” in the hospital network and 2018
CAT2.18 -dummy for hospitals with category “2” in the hospital network and 2018,
CAT3.18 ~dummy for hospitals with category “3” in the hospital network and 2018.
The comparator for categories in the hospital network is category 1 (i.e. the lowest of the

three basic categories).

Some descriptive statistics of the final panel are presented in Table 2.

In the description below medians (Me) are used. Depending on the year, the average hospi-
tal has 237-257 beds out of which 3.5-4 belonged to ED and 5 to ICU. It is characterized by
54779-58446 patient-days, with BTRA 4113-4342, employs (in terms of full-time equivalents)
58.22-59.51 doctors, 197.9-201.3 nurses, 1.2-2 doctor interns and 6.18-7.51 residents. Median
operations costs are equal from 37070808 to 46412158.

Due to the fact that the majority of hospitals employed at least one intern or resident, and
taking into account that as shown by the median values of P.TEACH-the median ratio of
interns and residents reached from 10.69% to 15% percent of doctors (all in terms of full-time

2015

x (Sd) Me

276.9 (132.3276) 257
3.438 (3.5305) 35
4.833 (2.4086) 5
67865 (37264.13) 57155
13325 (9137.856) 10347
48576389 38398260
(30414109)

9130142 (6427512) | 7793289
10133858 9036313
(6337849)

141.91 (338.957) 58.65
459.76 (991.9734) 200.35
355.6 (721.3955) 96.5
3500 (486.5718) 3492
39.85 (29.5567) 29.35
57.9 (28.535) 52.15
0.1742 (0.0463) 0.1627
0.0979 (0.0159) 0.0983
65833 (17425.03) 63616
12.43 (14.0721) 6.768
4894 (2091.718) 4278
5.977 (14.1767) 2
18.9556 (57.5576) 6.18
0.1567 (0.1688) 0.1172

2016

x (Sd)

276.4 (132.41)
3.562 (3.7068)
4.938 (2.555)
67592 (36758.34)
13487 (9405.062)

51637720
(32153196)

9525822 (6819825)

11241171
(7010416)

146.53 (356.9874)
457.6 (997.3852)
355.5 (722.1943)
3629 (487.6155)
41.16 (32.1087)
58.61 (30.196)
0.1759 (0.0497)
0.1008 (0.0155)
66865 (17565.31)
12.124 (14.1494)
4959 (2198.531)
6.33 (14.7238)

17.71 (43.0907)
0. 1927 (0.2294)

Me
245.5
3.5
5
58446
9748

42107682

7984260

9825221

58.22
201.3
96.5
3682
30.25
52.65
0.166
0.1009
64082
11.35
4342
1.45

7.42
0.15

2017

X (Sd)

276.4 (132.3549)
3.646 (3.7614)
5(2.6175)

68454 (37139.38)
13487 (9568.631)

55277639
(34469194)

10015385
(7151761)

12462321
(7730788)

146.29 (358.5195)
458.3 (972.4061)
355.4 (722.8304)
3845 (509.7439)
41.17 (31.7543)
61.36 (30.2854)
0.1764 (0.0492)
0.1042 (0.0155)
66909 (18015.49)
12.49 (14.0154)
4935 (2226.833)
6.843 (16.1635)

19.36 (51.1877)
0. 19351 (0.2047)

54779
9962

46412158

8865750

11117412

59.51
197.9
96.5
3953
31.5
54.15
0.171
0.1034
64956
13.35
4113
1.205

7.51
0.1481

2018
mean (Sd)
274.4 (131.7323)
3.896 (4.0225)
5.125 (2.8029)
66686 (36716.44)
13367 (9421.556)

61985050
(38639514)

11473762
(8214750)

14364554
(8991390)

144.79 (350.9298)
462.4 (984.7814)
355.3 (723.8318)
4108 (547.2154)
42.81 (32.7099)
63.09 (30.7419)
0.1776 (0.0502)
0.108 (0.0157)
67722 (18400.98)
13.51 (14.4722)
4948 (2229.129)
8.082 (19.0204)

21.97 (59.5424)
0.2506 (0.3929)

SD stands for standard deviation, X-mean, Me-median. Calculated based on the data from Polish Association of Employers of Poviat Hospitals and from Local Data

Bank of the Statistics Poland [14].

https://doi.org/10.1371/journal.pone.0262646.t1002
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equivalent) it seems that defining teaching hospital as one that employs interns or residents is
inadequate. Therefore P.TEACH variable was used. Most hospitals belonged to category 1-3
(i.e. basic ones, thought for hospitals operating on the local or regional level) in the network.
Only one was classified as “other”. 9 out of 48 hospitals are non-public, 27 have ED (however
one introduced it in 2018), almost all (43) have an ICU, 37-39 employ residents and 29-35

employ doctor interns.

Software

Study was conducted using R [32] and packages PLM [33, 34], regclass [35], Imtest [36] and

sandwich [37-39].

Results

VIFs (Variance inflation factors) calculated for the random effects (RE) and pooled model (of
an identical structure as RE, given by formula (4)) in which dummies for category 1 instead of
“other” are present, lead to the conclusion that multicollinearity was present (at the threshold

of 10 [40, 41]). After changing the specification and including category 1 as a comparator
instead of “other” VIFs showed no evidence of multicollinearity as presented in Table 3.

Table 3. Variance inflation factors for RE and pooled model.

RE pooled
Ln(PATD) 1.6967 2.9795
Ln(BTRA) 1.3724 2.0386
ICU 1.8062 1.8077
ED 1.6919 3.0562
P.ED 1.8995 3.6053
COMMER 1.244 1.7113
Ln(MEDAD) 1.4495 4.2216
PERC70 4.8567 3.1082
Ln(WDOC) 1.9927 2.8721
Ln(WNURS) 3.739 2.9564
P.TEACH 1.188 1.9022
Ln(RENUM) 8.9867 42639
Ln(HHI) 1.2254 1.3741
Ln(DENS) 2.1951 3.8686
Ln(DOC) 2.0941 8.2378
Ln(NURS) 2.3851 5.8824
AFTER2016 5.7757 2.1921
CAT.0.17 1.196 1.5284
CAT.0.18 1.1995 1.5255
CAT2.17 1.444 1.7022
CAT2.18 1.5544 1.717
CAT3.17 1.1719 1.5246
CAT3.18 1.1825 1.5244
CAT.O 1.7131 3.4179
CAT.2 1.7674 3.8244
CAT.3 1.4137 2.7246

Calculated based on the data from Polish Association of Employers of Poviat Hospitals and from Local Data Bank of

the Statistics Poland [14].

https://doi.org/10.1371/journal.pone.0262646.t003
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Table 4. Estimation results.

RE FE
Coefficient and standard error p-value Coefficient and standard error p-value

(Intercept) Intercept 2.3480738 (1.7040755) 0.170095

In(PATD) 0.3751406 (0.0902643) 5.19E-05 0.0785997 (0.0733874) 0.28627
In(BTRA) 0.0829902 (0.0580614) 0.154794 0.1535709 (0.0795342) 0.05582
ICU 0.0189309 (0.0247736) 0.445867 -0.0169407 (0.028693) 0.55601
ED 0.0044689 (0.0086903) 0.607775 -0.0062291 (0.0144357) 0.66686
P.ED 0.0036042 (0.0012033) 0.003165 0.0025834 (0.0012927) 0.0479
COMMER -0.0421973 (0.0965432) 0.662623

In(MEDAD) -0.0586366 (0.0650921) 0.368994 0.0015644 (0.0869725) 0.98568
PERC70 2.0341925 (1.7364945) 0.243112 3.8211969 (1.9644166) 0.05405
In(WDOC) 0.0339687 (0.0278649) 0.224565 0.0659358 (0.0326994) 0.04595
In(WNURS) 0.0332046 (0.0553487) 0.549384 0.127914 (0.0640169) 0.04793
P.TEACH -0.0303882 (0.0159686) 0.058783 -0.0474345 (0.0220121) 0.03313
In(RENUM) 1.1853186 (0.1762448) <0.00001 0.9111567 (0.1757553) <0.00001
In(HHI) 0.0593597 (0.1141323) 0.603694 -0.0031337 (0.1695846) 0.98529
In(DOC) 0.0570199 (0.0338666) 0.094138 0.0832674 (0.0411711) 0.04531
In(NURS) 0.0502609 (0.0497183) 0.313538 0.060927 (0.0538326) 0.25994
In(DENS) -0.0059788 (0.0485919) 0.902224 0.4794679 (0.5575856) 0.39153
AFTER2016 -0.0046033 (0.01348) 0.733168 -0.0085272 (0.0143226) 0.5527
CAT.0.17 0.0860178 (0.0104844) <0.00001 0.0745732 (0.0505324) 0.14259
CAT.O.18 0.1250368 (0.0114545) <0.00001 0.1194377 (0.0518214) 0.02287
CAT2.17 -0.0260759 (0.0092753) 0.005532 -0.0187397 (0.017604) 0.2892
CAT2.18 -0.0120326 (0.0200819) 0.549875 -0.0066055 (0.018812) 0.7261
CAT3.17 -0.0232853 (0.0082783) 0.005508 -0.019282 (0.0491269) 0.69538
CAT3.18 0.0094024 (0.0108618) 0.387946 -0.0009439 (0.0496071) 0.98485
CAT.O -0.5910276 (0.2233976) 0.008942

CAT2 0.4375231 (0.118876) 0.000315

CAT3 0.6769734 (0.1734127) 0.000138

Breusch-Pagan test

BP = 33.864, df = 26, p-value = 0.1385

BP = 33.864, df = 26, p-value = 0.1385

Pesaran CD test

z = 1.6212, p-value = 0.105

z = 0.02268, p-value = 0.9819

Wooldridge’s test

F = 0.60491, df1 = 1, df2 = 142, p-value = 0.438

Breusch-Godfrey/Wooldridge test

chisq = 9.5228, df = 4, p-value = 0.04928

Time-invariant dummies are excluded from FE regression. Standard errors are presented in brackets. VCX estimator robust vs. heteroskedasticity and serial dependence

is used for RE model [34]. For FE model Wooldridge’s test for short series is used. o. = 0.05 is assumed for the interpretation. Calculated based on the data from Polish

Association of Employers of Poviat Hospitals and from Local Data Bank of the Statistics Poland [14].

https://doi.org/10.1371/journal.pone.0262646.t1004

Table 4 presents estimation results for RE and fixed effects (FE) models defined by Eq (4).
o = 0.05 is assumed for the interpretation in the whole paper.

At o= 0.05 FE model does not exhibit problem with autocorrelation, heteroscedasticity or
cross- dependence and adjusted R-squared equal to 0.83723 suggests a good fit. When hospi-
tals’ characteristics are concerned, there is a positive impact of percentage of patients admitted
in ED who are transferred to other departments, other category in 2018, wages of doctors and
nurses on costs. In case of variables describing the environment, the positive effect is signifi-
cant only for average remuneration and ratio of doctors per 10 000 population. The impact of

P.TEACH is significantly negative.
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At o= 0.05 RE does not exhibit problem with heteroscedasticity or cross-sectional depen-
dence. Due to the presence of autocorrelation, robust estimators are presented in Table 4. Sim-
ilarly to the FE model, adjusted R-squared (0.83267) suggests a good fit. Patient-days total,
share of patients transferred from ED, average remuneration, category 2 and 3 (in general) as
well as other category in 2017-2018 significantly increase costs. On the other hand only dum-
mies for second and third category in 2017 and “other” category show a statistically significant
negative impact on costs.

Hausman test was used for comparison of FE and RE model. Test statistic equal to 53.646
(22 degrees of freedom and p-value 0.00018) suggest that FE model is an appropriate one.

Discussion

Current paper expands the literature on Polish hospitals. To the best of the author’s knowledge,
there were so far no other attempts to estimate costs for county hospitals in Poland. In [42] linear
operation cost function was estimated, but based only on one hospital (time period of 21 months
was used in the estimation). Publications were focused mostly on general rules and specifics of
cost accounting in hospitals [43], indirect costs [44] or determinants of costs accountancy, e.g.
[45] focused on the relation between the computer system in hospital and quality of costs accoun-
tancy, and the level at which information coming from costs is used in management.

As compared with other models of hospital costs functions, the current paper does not use
length of stay [9, 10, 12, 18, 24] and patients are not divided per payment category (out-of
pocket vs reimbursed later by third party). Similarly, case mix [9, 13, 23, 24] is not directly
included. This may be considered a downside as this variable turned out to have a significant
impact on costs [9]. The reason is that the current dataset does not contain such an
information.

Analyzing conclusions drawn from RE and FE models presented in the previous section in
may be noticed, that some of the previous findings reported in the literature are confirmed in
the case of Polish county hospitals. Firstly, the relation between the output and costs is obvi-
ously positive (significant only for RE model). [12] reports positive sign of respective parame-
ters in his paper. It should be noted, that the relation may in fact be nonlinear, as suggested by
Carey [8, 24] for discharges, but adding the square of the patient-days to the model in the cur-
rent study resulted in multicollinearity.

Secondly, the relation between wages and costs is clear and obvious. Higher wages are one
of the most important determinants of costs, especially of operating costs, which include hos-
pitals’ personnel expenditures. This is confirmed by positive signs of parameters reported in
[10, 11, 12, 18, 23]. In both models used in the current paper doctors’ and nurses” wages
assume positive signs, although parameters are significantly different from 0 only in the case of
FE model (which, according to Hausman test is the better one).

Literature suggests that emergency services increase costs [10, 11, 23], although in some
cases this impact is not significant [10]. In case of Polish county hospitals it was suggested in
the preliminary analysis in [22] but no controls were included in the cited report. What is even
more interesting is the fact that not the share of beds in ED is important, but the share of peo-
ple who are admitted in ED and then transferred to other wards/departments (variables repre-
senting share of beds are not significantly different from 0 for FE and RE, what is more the
respective parameter is positive only in case of RE). This was previously suggested in [23].

COMMER assumes a negative sign, however it is not significantly different from 0. From
the one point of view this result may be surprising taking into account the fact that ownership
was found to have an impact on costs [6], on the other side this may be included in the effect
of an Emergency Department. As presented in Table 5 for pooled observations, the fact
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Table 5. Distribution of the number of hospitals by ownership and emergency department (pooled observations).
No Emergency Department With Emergency Department

Public (COMMER = 0) 63 93

Non-public (COMMER = 1) 24 12

Table presents pooled observations from panel in 2015-2018. Hospital is defined as having an emergency department
if ED>0. Calculated based on the data from Polish Association of Employers of Poviat Hospitals.

https://doi.org/10.1371/journal.pone.0262646.t005

whether a hospital runs an ED or not is related to the ownership. Pearson’s Chi-squared test
with Yates’ continuity correction statistics equals 7.1273 with a p-value of 0.0076, which at o =
0.05 leads to the conclusion of significant association between those two variables.

In [18] a positive impact of the inclusion of a non-profit or government hospital in a health
care system is reported. Although all hospitals in the current study are included in the network,
the level on which they operate has a clear impact in RE model. The costs are lower in case of
“other” category hospitals (for RE model). Dummies for this category and years 2017 and 2018
have positive impact in both models and, except for other category in 2017 and FE, are signifi-
cant. On the other hand the estimate for dummy variable AFTER2016 does not significantly
differ from 0. Based only on this fact one cannot say, that the introduction of hospital network
lead to the decrease of costs.

Interns and residents have significantly negative impact on costs in FE model most likely
due to the fact that their training in hospital is financed from the outside. They do not have the
same permissions as full doctors, but may complete some of the tasks, reliving other personnel.
Such benefits are seemingly greater than potential increase of costs due to rising demand for
materials etc. used in training. This results are surprising in the light of the direction of the
impact reported in the western literature [9-11], but it should be noted that none of the hospi-
tals in the sample is a clinic run by a medical university and therefore, due to the different defi-
nition of how the teaching in a hospital is understood, they cannot be compared in a
straightforward way.

In [6] GDP per capita and in [13] income assume positive signs with costs. In the current
study their roles are taken up by the remuneration in the given county which may be used as a
proxy for not only income (and therefore in a consequence also the level of health expense)
but also for the prices of external services bought by hospitals on local markets, such as clean-
ing, catering, etc. Positive sign on this variable which appeared both in FE and RE model was
to be expected. This influence is also significant.

According to [9] competition between hospitals should increases costs. In case of the com-
petition for the payer funds, the hospitals which are included in the network have a privileged
position as after the contract is signed, they do not need to enter a wager. Of course, there is
also a possibility of over-performance, the costs of which are not covered by the payer (see
[46]). In the current study in case of FE model the effect of HHI is negative but insignificant,
while in the RE model it is positive, yet still insignificant. Comparing this with other findings
one may notice that Herfindal index assumes negative sign with costs in [9].

The effect of the degree of urbanization of the regions in which hospitals are located is
mixed in the literature. Dummy for urban market area assume a positive sign with costs for
two samples in [18] where it is included mainly as a proxy for case mix. In [13] population
density assumes a positive sign with costs. Effect of population density found in the current
paper is insignificant (both in FE and RE).

Variables reflecting the health status of population may provide additional information.
Estimates of parameters for DOC, NURS and MEDAD are in majority insignificant. The only
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one that is statistically different from zero is the estimate of DOC in FE model. Based on that it
may be stated that higher ratio of doctors per 10 000 population increase hospital costs. That
seems to contradict expectations, as patients who are better cared for were expected to be in
better condition and in less need of hospital treatment. On the other hand such patients may
be treated for longer time due to the fact that their (potentially severe) conditions diagnosed
earlier. Another possible explanation is that large number of doctors and nurses goes in line
with larger number of out-of-hospital medical services, which are often seen as a better
employer by the personnel. Similarly as with HHI, the growing competition may result in diffi-
culties for some hospitals and this is the explanation favoured by the author. It need to be
taken into account, that this impact is in most cases insignificant. Positive sign of the parame-
ter next to PERC70 —a variable associated with the share of population over 70 was to be
expected, although the impact of this variable on costs is insignificant as well.

Conclusion

The paper used panel methods to estimate the behavioral cost function for Polish county hos-
pitals for the period: 2015-2018 based on the data of 48 hospitals. The results show that the
presented approach is suitable for the problem and the costs may be described using fixed
effect (FE) panel model. Positive impact of percentage of ED patients transferred to other
departments and of wages is reported. Variables related to the local environment, i.a. ratio of
doctors per 10 000 local population were found to increase costs as well. Finding regarding
teaching activity is at variance with result previously reported by other authors, but one should
keep in mind different definition of teaching hospital which was used in the current study
based on the sample. Although a dummy variable for the period after the introduction of hos-
pital network assumed a negative sign with costs, this relation is not statistically significant.
The differences in costs with respect to category in the network were studied.

Despite abovementioned findings, it should be stressed that the study has several limita-
tions. The current paper does not use some of the variables which turned out to be significant
in other studies, due to the fact that information on length of stay, per payment category (out-
of pocket vs reimbursed later by third party), ratio of out- to inpatient services and case mix.
Boutsioli [11] emphasized the unexpected demand. It is also not possible to forecast admis-
sions, so this determinant (also indirect one, because costs may be affected not only by the
forecasts themselves, but by the ratio of forecasted to actual admissions [23]) is not included in
the model.
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