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ABSTRACT 
Case Mix Index (CMI) represents a standard indicator of hospital 
disease seriousness at both the national and international level. 
CMI is structured to compute hospital payments and not to follow 
up disease seriousness. It is considerably related to the data 
accuracy as well as patients’ medical records. The main aim of the 
study was to quantify the factors influencing the differences in 
CMI depending on the types of healthcare facilities, their geo
graphical location, as well as the procedural aspects within the 
Slovak healthcare system. We use data published by the Institute 
for Economic and Social Reforms, which continuously surveys the 
quality and outputs of healthcare provided in the Slovak 
Republic. The data comes from multiple datasets that are issued 
by healthcare authorities and stakeholders is the Slovak Republic 
such as insurance companies, the Ministry of Health of the Slovak 
Republic, the Ministry of Finance of the Slovak Republic, health
care facilities, the National Health Information Centre etc. 
Regression analysis indicates that the positive impact on the Case 
Mix Index is possessed by the Operating experience of doctors 
and Overall inpatients satisfaction; whilst the negative impact on 
Case Mix Index values is documented for variables Total rehospi
talisation within 30 d, Intensive care unit mortality, Economy, and 
Transparency.
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1. Introduction

The issue of the sustainability of the countries’ health systems has been of interest to 
professional and scientific teams for many decades. Heterogeneity of the health sys
tems, the policy systems, the demographic structure and many other factors affect the 
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methodological complexity of the evaluation of the health processes. In the recent 
years, the Case Mix Index (CMI) has been intensively used as a baseline for the 
development of new economic and health assessment systems in hospitals. The CMI 
expresses the average economic and medical demands of patients hospitalised in a 
hospital. CMI is the arithmetic mean of the relative weights of all the hospitalisation 
cases over a certain time period. The relative weight of a hospitalisation case is an 
empirically determined value that expresses the ratio of the average cost per hospital
isation case of the respective DRG group (Diagnosis Related Groups), where the cases 
are grouped with similar clinical characteristics and similar treatment costs to the 
average cost per average case (INEKO, 2021).

With an increase in the number of cases with the highest complexity, it is also 
important to record secondary diagnoses, which it is necessary to revaluate standard 
payment models in hospitals, the effects of changes in coding on the standard pay
ment model, and so forth. There are many interventions aimed at improving clinical 
documentation and coding that can also have the effect of increasing the number of 
hospitalisations in different hospitals despite providing similar healthcare to the same 
type of patients with the same disease severity. This calls for educational systems in 
the field of coding, for hiring specialists in clinical documentation, and so on. There 
are assumptions that public hospitals will have lower CMIs than private hospitals 
because public hospitals are not profitable, they have a less financial incentive to 
increase reimbursements, and may have poorer access to funding for documentation 
and coding improvement projects (Cousineau & Tranquada, 2007, Dobson et al., 
2009). Also, many other factors can affect the differences in CMI values between the 
hospitals. These consistent facts were a motivation for us to carry out a study, whose 
main goal was to examine the factors influencing the differences in CMI depending 
on the type of healthcare facilities, their geographical location as well as the proced
ural aspects within the Slovak health system.

2. Literature review

The Covid-19 pandemic highlighted the need to examine hospital management and 
to put strong pressure on the hospital systems both procedurally and financially. 
Many studies have linked these aspects to the sustainability processes of the health 
systems (Lyeonov et al., 2021; Sarihasan et al., 2022). The health systems of many 
developed countries were relatively stable before the pandemic, but each country has 
its own specifics in the management of inpatient healthcare and its own health policy 
(Briestensk�y & Klju�cnikov, 2020; Gavurov�a et al., 2019).

During the pandemic, many health systems were burdened by a large number of 
patients who relied on a reduced number of hospital beds and specialists. The fore
cast of the development and application of crisis scenarios, which in the conditions 
of the Covid-19 pandemic lost their validity and timeliness, was problematic too. 
Even before the pandemic caused by Covid-19, the significant regional differences in 
health burden were identified not only between the countries, but also within the 
countries (Chang & Zhang, 2019; Preyra, 2004; Sopko & Ko�ci�sov�a, 2020) and the 
need to optimise inpatient allocation processes was emphasised in order to achieve a 
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balance between patient service and resource utilisation. This requires the develop
ment of new inpatient bed allocation algorithms in order to improve patient admis
sion rate or higher bed occupancy rate. Chang and Zhang (2019) point out that it is 
necessary to create a hierarchical medical system that specifies exactly which types of 
hospitals (for instance primary, secondary, tertiary institutions) will be responsible for 
the treatment of each complex critical type of disease.

The importance of the creation of optimisation algorithms for the efficiency of 
treatment processes in hospitals as well as for the sustainability of the health system 
is also confirmed by the studies by Du et al. (2012), Alam et al. (2014) and others. 
P�onusz et al. (2019) examine changes in CMI associated with the Diagnosis Related 
Groups (DRG) system in one-day surgery care for 10 years in a publicly financed 
Hungarian hospital (almost 2 million publicly funded one-day surgery cases). The 
authors confirm that the constant increase of the one-day surgery processes use does 
not affect the increase in CMI at the national level, but the value of CMI is influ
enced by the type of healthcare institution. This is confirmed by a study by Gratz 
et al. (2018), who researched the privately financed health care services of Hungarian 
publicly financed hospitals according to medical fields. For this reason, it is important 
to develop new methodologies or to improve the ones used so far to evaluate and to 
compare the efficiency of hospitals, but each methodology works with a number of 
key assumptions and limitations. This is also pointed out by Nuttall et al. (2015), 
who developed a methodology for the case-mix adjustment of patient-reported out
come measures (PROMs) data permitting the comparison of the outcomes between 
the healthcare providers.

Linden and Goldberg (2007) emphasise that revaluation of the methodologies 
applied in the health management program is important for the correct evaluation of 
medical requirements. This eliminates an incorrect classification of the cases as low- 
risk. The properly identified and risk-stratified diseases of patients will allow to set 
the treatment programme and to adapt the interventions so that the rate of hospital
isation of chronic diseases are positively influenced and a positive return on invest
ment is achieved. Many authors consider the application of CMI in the various 
hospital wards as an economical tool for finding alternative ways to reduce costs (for 
instance,  Behling & Bierl, 2019; Mabotuwana et al., 2017). CMI is also applied as a 
tool to optimise the number of nursing staff, social workers and care workers per 
total staff number in the facilities for the elderly providing long-term care services 
(Liu et al., 2014; Song & Song, 2019. The design and weights of the individual CMI 
components also play an important role. Other analytical methods, such as the ana
lytical hierarchical process as well as data envelopment analysis and others, can also 
significantly help in their determination.

Many studies apply them for evaluation of the health systems at the macro level as 
well as at the micro level (Faye, 2012), or as a tool for more efficient redistribution of 
inputs (for instance, physicians between workplaces). Mendez et al. (2013) point to 
the different CMIs between the hospitals. Their analysis was focused on several types 
of hospitals and it was performed for the data covering a 14-year time period. The 
teaching hospitals and larger hospitals had higher average CMI that is consistent with 
a marker of disease severity, but only for the private hospitals. The public hospitals 
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had lower CMI across all the subgroups. Although CMI had some characteristics of a 
disease severity marker, it was lower across all the strata for the public hospitals. 
Therefore, it is important to use caution carefully to adjust for disease severity across 
public versus private hospitals. Park et al. (2017) point out the importance of infor
mation technologies in improving coding processes within CMI, while considering 
information technologies systems implemented in hospitals as a tool for preventive 
upcoding and improving financial processes in hospital accounting systems. 
Sophisticated information technology tools could also support more accurate records 
and documentation to calculate CMI and thus, to more accurately determine disease 
severity and mortality risk. This is also confirmed by the study by Frazee et al. 
(2015), who point out the importance of an investigation of the effect of patient 
comorbidities, patient complications and major complications on CMI changes. Joya 
et al. (2020) recommend a combination of the DRG and CMI systems applied in 
order to summarise hospital morbidity and mortality.

Corti et al. (2018) proposes the use of a case mix classification system that takes 
into account the age and gender of patients. According to the authors, aging itself is 
not the main determinant of increasing healthcare costs, but rather the chronic con
ditions of patients and the resulting multimorbidity. Halter et al. (2018) draws atten
tion in this relation to the limitations of the individual case mix classification systems 
and to the need to modify them through the data from physicians treating patients. 
This will make it possible to better classify the differences between health professions 
and thus, to shift tasks in primary healthcare provision.

All the presented research studies and their findings declare the influence of sev
eral determinants on the differences in the reported CMI between hospitals that also 
affects the quality and efficiency of healthcare provision, its availability, and the sus
tainability of the health systems. This encourages research teams to further explore 
these aspects within national health systems and thus, to support the development of 
a methodological platform for benchmarking economic and medical processes and 
increasing the efficiency of their health systems.

3. Methodology

The survey uses data published by the Institute for Economic and Social Reforms, a 
non-governmental non-profit organisation that monitors economic and social reforms 
in the Slovak Republic. Institute for Economic and Social Reforms continuously sur
veys the quality and outputs of healthcare provided in the Slovak Republic and cre
ates the ranking of hospitals. Inputs for ranking coming from multiple datasets that 
are issued by healthcare authorities and stakeholders is the Slovak Republic. Institute 
for Economic and Social Reforms retrieves data from health insurance companies, the 
Ministry of Health of the Slovak Republic, the Ministry of Finance of the Slovak 
Republic, medical facilities, the National Health Information Centre, self-governing 
regions, the Health Care Surveillance Authority, Operational Centre of Medical 
Rescue Service of the Slovak Republic and Transparency International Slovakia 
(INEKO, 2021). The ranking�s methodology is governed by the following principles: 
availability and relevance of information, universality and time stability of data. The 
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ranking evaluate all 11 university hospitals, and 33 out of 53 general hospitals that 
operate in the Slovak Republic. To be included in the ranking, hospital have to pro
vide institutional health care in at least five of the following seven specialisations, 
while the number of hospitalised or operated inpatients is at least 100: internal medi
cine, surgery, paediatrics, neurology, gynaecology and obstetrics department, neonat
ology and department of anaesthesiology and intensive care. University hospitals are 
rated separately and general hospitals likewise. The rating consists of 6 components 
that are finally reflected into the overall raking of healthcare quality. The overall rat
ing of healthcare facility, resp. hospital consists of six categories of indicators, which 
are briefly described in Table 1. For an analysis, we use data from 2018 to 2021 for 
all healthcare facilities that are included in the rating. All indicators are scaled on the 
scale 0–100, whilst the higher the score of the indicator, the better the healthcare 
facility is the given domain. Table 1 propose a quick overview on the category of 
indicators, indicators itself and the weight, which the given indicator contributes to 
the overall assessment of healthcare facilities.

The purpose of the study is to document the severity of the inpatients diagnosis, 
thus the average economic and medical intensity of inpatients hospitalised in the hos
pitals. The severity of the inpatients diagnosis is expressed by the variable Case Mix 
Index which reflect the ratio of the average costs per hospitalisation case of the 
respective diagnosis-related group. In other words, the Case Mix Index express the 
severity, complexity and diversity of inpatient illnesses treated at a given hospital or 
healthcare facility. The analysis is divided into two parts. The first part of the analysis 
use descriptive analysis to describe the severity of the inpatients diagnosis due to spa
tial dimension and due to type of the hospital. In the second part of the analysis, we 
run regression model to detect statistically significant indicators that affect the Case 
Mix Index.

4. Results

Firstly, we plot the Case Mix Index distribution during the period of 2018–2021 on 
the Figure 1. General hospitals are plotted by blue colour, university hospitals are 
plotted by red colour, whilst a black dashed line outline the average value of the Case 

Table 1. Ranking components.
Category of indicators Weight Indicators

Overall  
Ranking

Quality of provided  
health care

40% Reoperation 
Total rehospitalisation within 30 d 
Postoperative mortality Mortality due to acute stroke 
Femur fracture mortality (65þ years) 
Intensive care unit mortality 
Inpatient mortality after transfer from intensive care unit 
Emergency waiting time 
Fines from the Health Care Surveillance Authority

Experience 10% Evidence-based hospital referrals
Severity of inpatient diagnoses 10% Case Mix Index
Overall inpatient satisfaction 18% Overall inpatient satisfaction inpatient complaints
Economy 12% Ability to generate own resources 

Overdue debt and its year on year change
Transparency 18% Transparency index

Source: own processing.
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Mix Index for the whole sample. It holds that the healthcare facility with a higher 
Case Mix Index value has on average inpatients with more demanding diagnoses 
than a hospital with a lower Case Mix Index. It cannot be said that Case Mix Index 
values, resp. severity, complexity and diversity of inpatient illnesses treated at the 
given hospitals are proportionally distributed among healthcare facilities in Slovakia 
and some hospitals are relatively far from the average. Surprisingly, the lowest values 
of the Case Mix Index are spotted in the majority of the university hospitals, which 
could be expected to be treating highly sever, complex and diverse diagnoses. Most 
complex diagnoses are treated in Banska Bystrica university hospital, Martin univer
sity hospital, and Humenne, Komarno and Lucenec general hospitals. Hospitals with 
inpatients with the least demanding diagnoses are Trencin, Trnava, Nitra and Nove 
Zamky university hospitals and Stara Lubovna, Snina, Partizanske and Bardejov gen
eral hospitals.

Further we look on the regional disparities in Case Mix Index distribution, where 
we bin Case Mix Index values which are continuous variable from the interval [0; 
100] into five bins with an equally broad range. The newly created variable takes val
ues from intervals [0; 20], [21; 40], [41; 60], [31; 80], [81; 100]. Figure 2 propose an 
overview of the distribution of the Case Mix Index with respect to spatial dimension, 
resp. with respect to the region, where the hospital is located. The mostly bounded 
cluster is the cluster of mid demanding diagnoses with values of Case Mix Index 
within the interval [41; 60], where we find mostly hospitals from Bratislava, Trnava 
and Zilina region. Subsequently the cluster of the relatively low economic and med
ical intensity of treated diagnosis with Case Index Values from the interval [21; 40] 
can be defined, where hospitals from Kosice and Presov regions are present. 
Hospitals with the highest Case Mix Index values are located in the Banska Bystrica 
region. Finally, we define a cluster of hospitals from Nitra and Trencin regions, where 
heterogeneous types of hospitals are present as far as Case Mix Index values are con
cerned, because in these regions we find hospitals with relatively high Case Mix 

Figure 1. Case Mix Index. 
Source: The authors.
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Index values, especially in Nitra region, but also hospitals with lowest values of Case 
Mix Index.

In following part of the analysis, we look closer on selected characteristics of health
care facilities in relation to the Case Mix Index. Figure 3 plot the relationship between 
Operating experience of doctors and the Case Mix Index. We note that there is a 
meaningful relationship between the Operating experience of doctors and the Case 
Mix Index, especially in the case of university hospitals. Quite interesting is also the 

Figure 2. Spatial distribution of Case Mix Index. 
Source: The authors.

Figure 3. Operating experience of doctors and Case Mix Index. 
Source: The authors.
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fact that in the case of low values of the variable Operating experience of doctors in 
general hospitals (blue points and blue regression line) we observe a relatively high val
ues of the Case Mix Index variable, which means that in general hospitals a relatively 
highly difficult surgeries are performed with lower Operating experience of doctors. 
Among general hospitals, Svidnik, Myjava and Levoca hospitals are the facilities where 
most severe, complex and diverse illnesses are treated at markedly weak Operating 
experience of doctors. The good performance of general hospitals is also documented 
in a cluster of hospitals above the blue line which is delimited by Humenne and 
Kosice-Saca hospital. Regarding university hospitals (red points and red regression 
line), we observe in the case of the variable Operating experience of doctors only 
above-average values of this variable, which is due to the nature, mission, and com
plexity of the provided healthcare of university hospitals. In the case of university hos
pitals, it can be argued that above-average severe, complex, and diverse health care 
services are provided in the university hospitals in Martin and Banska Bystrica. 
However, the most complex medical care is provided in the university hospital of 
Bratislava, although the severity of the medical procedures is relatively low. Below 
average severe, complex, and diverse health care with respect to the Operating experi
ence of doctors is provided by Nitra and Trencin university hospitals. To conclude, we 
note that there exists substantial difference in the Operating experience of doctors and 
Case Mix Index values between general hospitals and university hospitals.

As for the Overall inpatients’ satisfaction, which is the summary indicator of the 
perception of provided healthcare by hospitalised patients, and its relation to Case 
Mix Index, matters are captured on the Figure 4.

Overall inpatients satisfaction indicator is formed as an aggregate index of the hos
pital evaluation from the patients’ point of view covering the evaluation of their satis
faction with overall care, behaviour and information provided by medical staff, 
evaluation of accommodation quality, cleanness of the department, dietary 

Figure 4. Case Mix Index and Overall Inpatient Satisfaction and. 
Source: The authors.
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satisfaction, evaluation of satisfaction with provided health care and subjective per
ception of treatment success. Figure 4 indicates that there exists a substantial differ
ence between Case Mix Index evolution and Overall inpatient satisfaction between 
general and university hospitals. Regarding general hospitals, we note that with 
increases in the Case Mix Index, average Overall Inpatient Satisfaction is subtly 
diminishing, meaning that there is an invert relationship between inpatients satisfac
tion and the average economic and medical intensity diagnoses/patients treated in a 
given hospital. On the other hand, in the case of university hospitals, we observe a 
significant positive dependence between the Case Mix Index and Overall Inpatients 
Satisfaction. This can be interpreted as the sensitivity of inpatients on the severity, 
complexity, and diversity of treated illnesses at a given hospital to their overall satis
faction with the medical facility. The lowest ratio of Case Mix Index and Overall 
Inpatient Satisfaction is observed in Trencin and Nitra University hospitals.

As far as the overall Quality of the healthcare facility and the Case Mix Index of a 
given healthcare facility is concerned, facts are captured on Figure 5. To remind, the 
Quality variable is composite indicator composed of Reoperation, Total rehospitalisa
tion within 30 days, Postoperative mortality, Mortality due to acute stroke, Femur 
fracture mortality (65þ years), Intensive care unit mortality, Inpatient mortality after 
transfer from intensive care unit, Emergency waiting time and Fines from the Health 
Care Surveillance Authority. Principally, in the case of the Quality and Case Mix 
Index variable, there exist differences between general and university hospitals. 
General pattern is that increases in Case Mix Index variable induce subtle decreases 
in overall Quality of the healthcare facility in case of university hospitals. In case of 

Figure 5. Quality and Case Mix Index. 
Source: The authors.
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general hospitals, decreases in Quality caused by increases in Case Mix Index are 
substantial.

Following part of the analysis is devoted to regression analysis which aim is to 
reveal the variables which significantly influence the Case Mix Index variable values 
in healthcare facilities. We use linear regression model, which has the following 
equation:

Case Mix Index ¼ b0 þ
Xn

i¼1
bi � xi þ ei (1) 

- b0 is and intercept,
- bi are the estimated regression coefficients,
- Xi are the set of explanatory variables,
- ei error term.
At the beginning of the modelling, we assumed all possible explanatory variables 

from the ranking, plus basic information about healthcare facilities that were access
ible. The initial list of explanatory variables included in the model contained follow
ing variables: Total number of inpatients, Total number of operated inpatients, 
Number of doctors, Number of nurses, Number of inpatients per nurse, Number of 
inpatients per doctor, Number of operated inpatients per nurse, Number of operated 
inpatients per doctor, Overall inpatients satisfaction, Reoperation, Total rehospitalisa
tion within 30 d, Postoperative mortality, Mortality due to acute stroke, Femur frac
ture mortality (65þ years), Intensive care unit mortality, Inpatient mortality after 
transfer from intensive care unit, Emergency waiting time, Fines from the Health 
Care Surveillance Authority, Evidence-based hospital referrals, Case Mix Index, 
Ability to generate own resources, Overdue debt and its year on year change, 
Transparency index. In the analysis, we also controlled for the type of the hospital, 
but the regression coefficient is not statistically significant, thus we assume the 
nature/type of the hospital does not affect the Case Mix Index in a decisive manner. 
Final, resp. best fitted regression model that comprises only statistically significant 
explanatory variables has following equation:

Case Mix index ¼ b0 þ b1Overall Inpatiens Satisfactioni

þ b2Total rehospitalization within 30 daysi

þ b3Intensive care unit mortalityi

þ b4Operating experience of doctorsi þ b5Economyi

þ b6Transparencyi þ ei (2) 

As for the model fit, regression residuals are normally distributed, adjusted R 
squared is equal to 0.601, thus the model captures the fair volume of the 
variability of dependent variable. F test suggests that the fit of the intercept-only 
model is significantly reduced compared to the estimated model (F¼ 11.795, df ¼ 6, 
pvalue ¼ .00). Regression outcomes containing standardised beta coefficients, t-test of 
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beta coefficients, 95% Confidence interval for beta coefficients and multicollinearity 
diagnoses are in Table 2.

The intercept/Constant of the model is equal to 62.102, meaning that the average 
value of the Case Mix Index is 62.102, when all explanatory variables are set to 0. 
Among all explanatory variables, positive impact on values of the Case Mix Index is 
possessed by Operating experience of doctors and Overall inpatients satisfaction. We 
can interpret coefficients in the following way: when the Operation experience of doc
tors rise by one point, Case Mix Index rise by 0.501 points. This value is an average 
value, 95% confidence interval suggest that the true value of the Case Mix Index 
change can be from interval [0.356, 0.698]. The second variable having a positive 
effect on Case Mix Index is Overall inpatient satisfaction, meaning that in healthcare 
facilities where more severe, complex, and diverse inpatient illnesses are treated, inpa
tients tend to be more satisfied. One-point increase of inpatients satisfaction can 
induce a rise the Case Mix Index value from 0.007 to 0.346, on average by .168. 
Negative impact on Case Mix Index values is documented for variables Total rehospi
talisation within 30 d, Intensive care unit mortality, Economy, and Transparency. The 
strongest negative effect is caused by Total rehospitalisation within 30 d, where regres
sion coefficient is equal to −0.276. Intensive care unit mortality is also negatively 
related to Case Mix Index, beta coefficient is equal to −0.168. The negative impact of 
Case Mix Index has also non-medical variables Economy and Transparency, meaning 
that in healthcare facilities where economic performance is better and information 
provided for patients and the general public is better, the Case Mix Index variable is 
lower.

5. Discussion and conclusion

The subject of the analytical part of the study was to examine the factors influencing 
the differences in CMI depending on the types of healthcare facilities, their geograph
ical location as well as the procedural aspects in the conditions of the Slovak 

Table 2. Regression model.

Predictor

t-statistic
95% Confidence  
Interval for Beta

Standardised 
Coefficients 

Beta t-test Sig
Lower  
Bound

Upper  
Bound

Collinearity Statistics 
Variance inflation 

factor

Intercept 62.102 5.28 0.000 38.802 85.402
Overall inpatient 

satisfaction
.168 2.07 0.041 0.007 0.346 1.297

Total 
rehospitalisation 
within 30 days

−0.276 −3.65 0.000 −0.470 −0.140 1.115

Intensive care unit 
mortality

−0.168 −2.13 0.035 −0.286 −0.011 1.208

Operating 
experience of 
doctors

0.501 6.09 0.000 0.356 0.698 1.321

Economy −0.166 −2.24 0.027 −0.264 −0.017 1.074
Transparency −0.194 −2.51 0.013 −0.574 −0.068 1.163

Source: own processing.
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Republic. The results of the analytical part brought interesting findings. The lowest 
CMI values were found in a majority of the university hospitals, despite the fact that 
we expect them in order to treat difficult and complex cases. The most complex and 
demanding diagnoses were treated in the University Hospital Bansk�a Bystrica, in the 
University Hospital Martin and in the general hospitals in Humenn�e, Kom�arno and 
Lu�cenec. It is also caused by the uneven distribution of the hospitals and specialised 
facilities in the Slovak Republic that causes the concentration of selected treatment 
processes in given localities (Pa�zitn�y, 2008, Smatana et al., 2016).

From a geographical point of view, we also find the differences between the 
regions. In the cluster with moderately demanding treated cases, we mainly find hos
pitals from the Bratislava Region, the Trnava Region, and the �Zilina Region. In the 
cluster with relatively low economic and medical demands of treated cases, we find 
hospitals from the Ko�sice Region and the Pre�sov Region. The hospitals with the high
est CMI values are located in the Bansk�a Bystrica Region. The group of hospitals 
from the Nitra Region and the Tren�c�ın Region includes the hospitals with different 
CMI values, because in these regions there are hospitals with relatively high CMI val
ues (especially in the Nitra Region) as well as hospitals with the lowest CMI values.

From a point of view of the structure of CMI and the influence of its individual 
components, we find interesting results. The existence of a significant relationship 
between the Operating experience of doctors and the CMI has been confirmed, espe
cially in the university hospitals. If low values of the Operating experience of doctors’ 
variable prevailed in the general hospitals, the CMI would reach relatively high values 
and it means that relatively demanding operations with lower Operating experience 
of doctors are performed in the general hospitals. The differences between the types 
of procedures and the types of hospitals are also declared by the research studies 
(Cousineau & Tranquada, 2007, Dobson et al., 2009; Mendez et al., 2013; Murante 
et al., 2014).

There are relatively significant differences between the Operating experience of doc
tors and the CMI values within the teaching and general hospitals. It is also caused by a 
long-term problem in the healthcare system of the Slovak Republic, namely the lack of 
medical staff. Insufficient financial evaluation of experienced physicians and medical 
staff can be one of the serious reasons for their leave to work abroad or migration 
respectively (Glinos, 2015; Tup�a & Kraj�co, 2019; Tupa et al., 2021; Yeats, 2010).

There is a significant difference between the general and university hospitals in the 
field of the development of the Case Mix Index and the overall satisfaction of hospi
talised patients. In general hospitals, the average CMI values decrease slightly with 
the overall satisfaction of hospitalised patients meaning that there is an inverse rela
tionship between the satisfaction of hospitalised patients and the average economic 
and medical demands of patients treated in a given hospital. The differences between 
the types of hospitals in the examined aspects are also confirmed by the studies by 
Gonz�alez-Valent�ın et al. (2005), Held (2015), Nuti et al. (2016), Gratz et al. (2018) 
and others. In the university hospitals, we observe a significant positive relationship 
between the overall satisfaction of hospitalised patients and CMI. Some research stud
ies confirm the relationship between treatment intensity and patient satisfaction 
(Otani et al., 2015), as strong dependence on healthcare professionals is most felt in 
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the complex and demanding treatment processes (Alam et al., 2014; Du et al., 2012; 
Riklikiene et al., 2020; Sjetne et al., 2007).

Some studies point to the need to examine the location of a hospital as well as the 
type of hospital and its size as the determinants affecting patient satisfaction (Al- 
Amin et al., 2021; Gratz et al., 2018; Mazurenko et al., 2017; Sundstr€om et al., 2015; 
Xu et al., 2022).

There are no differences between general and university hospitals when assessing the 
relationship between the overall quality of healthcare provided and the CMI values. The 
trend meaning the increase in the CMI variable causes a slight increase in the overall 
quality of healthcare provided in the general as well as in university hospitals is con
firmed. The results of the logistic regression declare that the variables Overall satisfac
tion of hospitalised patients and the Operating experience of doctors possess a positive 
effect on the CMI values. The variables influencing the CMI values in a negative way are 
Total rehospitalisation within 30 days, Intensive care unit mortality, Economic perform
ance of the hospital, and Transparency. The fact that CMI, reimbursement of hospital 
costs, and future payments for performance indicators can be affected by accurate docu
mentation of patient complications, serious complications, and comorbidities is impor
tant for hospital managers and coding specialists. Many hospitals introduce new 
systems and models to create value-based healthcare (Spaulding et al., 2018), but the dif
ferent organisational structures of the hospitals and market characteristics may perform 
as obstacles to their implementation (Cousineau & Tranquada, 2007; Dobson et al., 
2009; Liu et al., 2014; Song & Song, 2019). Good quality economic hospital systems and 
collaboration with healthcare professionals directly involved in the diagnostic and treat
ment processes, creation of quality records of patients will represent a fundament for 
the construction of the reliable CMIs and their efficient use in the economic and finan
cial payment mechanisms in the health systems. They will also make it possible to better 
classify the differences among the health professions and to distribute the health proc
esses in the primary healthcare provision. The constant development of the economic 
models in hospitals will also support the creation of a new methodological platform that 
will reflect on changes in the health insurance market, as well as on the demographic 
and health aspects of the population in individual countries.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by the Internal Grant Agency of FaME Tomas Bata University in 
Zlin [RVO/2022].

ORCID

Beata Gavurova http://orcid.org/0000-0002-0606-879X 
Matus Kubak http://orcid.org/0000-0003-1438-479X 
Zuzana Vaculcikova http://orcid.org/0000-0002-2549-6423 

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 13



References

Alam, S., Dobbie, G., Koh, Y. S., Riddle, P., & Ur Rehman, S. (2014). Research on particle 
swarm optimization based clustering: A systematic review of literature and techniques. 
Swarm and Evolutionary Computation. 17(17), 1–13. https://doi.org/10.1016/j.swevo.2014.02. 
001

Al-Amin, M., Hefner, J. L., Hogan, T. H., & Li, K. (2021). Sustainers: Hospitals with sustained 
superior performance. Health Care Management Review, 46(3), 248–256. https://doi.org/10. 
1097/hmr.0000000000000269

Behling, K. C., & Bierl, C. (2019). Cost per case mix index–adjusted hospital day as a measure 
of effective laboratory utilization efforts in a growing academic medical center. American 
Journal of Clinical Pathology, 151(4), 371–376. https://doi.org/10.1093/ajcp/aqy152

Briestensk�y, R., & Klju�cnikov, A. (2020). Identification of the key factors for successful hospital 
management in Slovakia. ADIKTOLOGIE Journal, 19(04/2019), 203–211. https://doi.org/10. 
35198/01-2019-004-0004

Chang, J., & Zhang, L. (2019). Case mix index weighted multi-objective optimization of 
inpatient bed allocation in general hospital. Journal of Combinatorial Optimization, 37(1), 
1–19. https://doi.org/10.1007/s10878-017-0204-3

Corti, M. C., Avossa, F., Schievano, E., Gallina, P., Ferroni, E., Alba, N., Dotto, M., Basso, C., 
Tiozzo Netti, S., Fedeli, U., & Mantoan, D. (2018). A case-mix classification system for 
explaining healthcare costs using administrative data in Italy. European Journal of Internal 
Medicine, 54, 13–16. https://doi.org/10.1016/j.ejim.2018.02.035

Cousineau, M. R., & Tranquada, R. E. (2007). Crisis & commitment: 150 years of service by 
Los Angeles county public hospitals. American Journal of Public Health, 97(4), 606–615. 
https://doi.org/10.2105/ajph.2006.091637

Dobson, A., DaVanzo, J. E., El-Gamil, A. M., & Berger, G. (2009). How a new ’public plan’ 
could affect hospitals’ finances and private insurance premiums. Health Affairs, 28(6), 
w1013–w1024. https://doi.org/10.1377/hlthaff.28.6.w1013

Du, G., Jiang, Z., Diao, X., & Yao, Y. (2012). Knowledge extraction algorithm for 
variances handling of CP using integrated hybrid genetic double multi-group cooperative 
PSO and DPSO. Journal of Medical Systems, 36(2), 979–994. https://doi.org/10.1007/s10916- 
010-9562-4

Faye, S. (2012). Technical Efficiency of Public Hospitals in Senegal: A Data Envelopment 
Analysis with an Estimated Case Mix Index. SSRN Electronic Journal. https://doi.org/10. 
2139/ssrn.2163151

Frazee, R. C., Matejicka, A. V., Abernathy, S. W., Davis, M., Isbell, T. S., Regner, J. L., Smith, 
R. W., Jupite, D. C., & Papaconstantinou, H. T. (2015). Concurrent chart review provides 
more accurate documentation and increased calculated case mix index, severity of illness, 
and risk of mortality. Journal of the American College of Surgeons, 220(4), 652–656. https:// 
doi.org/10.1016/j.jamcollsurg.2014.12.036

Gavurov�a, B., Huculov�a, E., & Kov�a�c, V. (2019). Quantification of relationship between cardio
vascular diseases mortality rate and selected socio-economic indicators – comparative ana
lysis of the Czech Republic and the Slovak Republic. Economics & Sociology, 12(2), 284–300. 
https://doi.org/10.14254/2071-789X.2019/12-2/17

Glinos, I. A. (2015). Health professional mobility in the European Union: Exploring the equity 
and efficiency of free movement. Health Policy, 119(12), 1529–1536. https://doi.org/10.1016/ 
j.healthpol.2015.08.010

Gonz�alez-Valent�ın, A., Pad�ın-L�opez, S., & de Ram�on-Garrido, E. (2005). Patient satisfaction 
with nursing care in a regional university hospital in southern Spain. Journal of Nursing 
Care Quality, 20(1), 63–72. https://doi.org/10.1097/00001786-200501000-00011

Gratz, B., Boncz, I., Gazs�o, T., Molics, B., Elmer, D., & Sebesty�en, A. (2018). PHP186 – 
Analysis of the privately financed health care services of Hungarian publicly financed hospi
tals according to medical fields. Value in Health, 21(2), S181. https://doi.org/10.1016/j.jval. 
2018.09.1080

14 B. GAVUROVA ET AL.

https://doi.org/10.1016/j.swevo.2014.02.001
https://doi.org/10.1016/j.swevo.2014.02.001
https://doi.org/10.1097/hmr.0000000000000269
https://doi.org/10.1097/hmr.0000000000000269
https://doi.org/10.1093/ajcp/aqy152
https://doi.org/10.35198/01-2019-004-0004
https://doi.org/10.35198/01-2019-004-0004
https://doi.org/10.1007/s10878-017-0204-3
https://doi.org/10.1016/j.ejim.2018.02.035
https://doi.org/10.2105/ajph.2006.091637
https://doi.org/10.1377/hlthaff.28.6.w1013
https://doi.org/10.1007/s10916-010-9562-4
https://doi.org/10.1007/s10916-010-9562-4
https://doi.org/10.2139/ssrn.2163151
https://doi.org/10.2139/ssrn.2163151
https://doi.org/10.1016/j.jamcollsurg.2014.12.036
https://doi.org/10.1016/j.jamcollsurg.2014.12.036
https://doi.org/10.14254/2071-789X.2019/12-2/17
https://doi.org/10.1016/j.healthpol.2015.08.010
https://doi.org/10.1016/j.healthpol.2015.08.010
https://doi.org/10.1097/00001786-200501000-00011
https://doi.org/10.1016/j.jval.2018.09.1080
https://doi.org/10.1016/j.jval.2018.09.1080


Halter, M., Joly, L., de Lusignan, S., Grant, R. L., Gage, H., & Drennan, V. M. (2018). 
Capturing complexity in clinician case-mix: Classification system development using GP 
and physician associate data. BJGP Open, 2(1), bjgpopen18X101277. https://doi.org/10.3399/ 
bjgpopen18x101277

Held, B. (2015). Comparison of public, non-profit and private hospitals. Equilibrium, 10(1), 
155–178. https://doi.org/10.12775/EQUIL.2015.008

INEKO (2021). Institute for Economic and Social Reforms. INEKO, https://kdesaliecit.sk/nem
ocnica-roka/2021/metodika

Joya, R. M., Cottrell, L., Kiefer, A., & Polak, M. J. (2020). Diagnosis-related group weight and 
derived Case Mix Index to assess the complexity among twins. American Journal of 
Perinatology, 39(11), 1223–1228. https://doi.org/10.1055/s-0040-1721847

Linden, A., & Goldberg, S. (2007). The case-mix of chronic illness hospitalization rates in a 
managed care population: Implications for health management programmes. Journal of 
Evaluation in Clinical Practice, 13(6), 947–951. https://doi.org/10.1111/j.1365-2753.2007. 
00899.x

Liu, C., Feng, Z., & Mor, V. (2014). Case-Mix and quality indicators in Chinese elder care 
homes: Are there differences between government-owned and private-sector facilities? 
Journal of the American Geriatrics Society, 62(2), 371–377. https://doi.org/10.1111/jgs.12647

Lyeonov, S., Bilan, S., Yarovenko, H., Ostasz, G., & Kolotilina, O. (2021). Country’s health pro
file: Social, economic, behavioral and healthcare determinants. Economics & Sociology, 14(3), 
322–340. https://doi.org/10.14254/2071-789X.2021/14-3/17

Mabotuwana, T., Hall, C. S., Flacke, S., Thomas, S., & Wald, C. (2017). Inpatient complexity 
in radiology—A practical application of the case mix index metric. Journal of Digital 
Imaging, 30(3), 301–308. https://doi.org/10.1007/s10278-017-9944-y

Mazurenko, O., Collum, T., Ferdinand, A., & Menachemi, N. (2017). Predictors of hospital 
patient satisfaction as measured by HCAHPS: A systematic review. Journal of Healthcare 
Management, 62(4), 272–283. https://doi.org/10.1055/s-0040-1721847

Mendez, C. M., Harrington, D. W., Christenson, P., & Spellberg, B. (2013). Impact of hospital 
variables on Case Mix Index as a marker of disease severity. Population Health 
Management, 17(1), 28–34. https://doi.org/10.1089/pop.2013.0002

Murante, A. M., Seghieri, C., Brown, A., & Nuti, S. (2014). How do hospitalization experience 
and institutional characteristics influence inpatient satisfaction? A multilevel approach. The 
International Journal of Health Planning and Management, 29(3), e247–e260. https://doi.org/ 
10.1002/hpm.2201

Nuti, S., Grillo Ruggieri, T., & Podetti, S. (2016). Do university hospitals perform better than 
general hospitals? A comparative analysis among Italian regions. BMJ Open, 6(8), e011426. 
https://doi.org/10.1136/bmjopen-2016-011426

Nuttall, D., Parkin, D., & Devlin, N. (2015). Inter-provider comparison of patient-reported 
outcomes: Developing an adjustment to account for differences in patient case mix. Health 
Economics, 24(1), 41–54. https://doi.org/10.1002/hec.2999

Otani, K., Chumbler, N. R., Herrmann, P. A., & Kurz, R. S. (2015). Impact of pain on patient 
satisfaction integration process: How patients with pain combine their health care attribute 
reactions. Health Services Research and Managerial Epidemiology, 2, 2333392815615103. 
https://doi.org/10.1177/2333392815615103

Park, Y. T., Lee, J., & Lee, J. (2017). Association between health information technology and 
Case Mix Index. Healthcare Informatics Research, 23(4), 322–327. https://doi.org/10.4258/ 
hir.2017.23.4.322

Pa�zitn�y, P. (2008). Health care reforms in Slovakia pushed into action by the V4. The New 
Presence, 4, 10–14.

P�onusz, R., Kov�acs, D., Boncz, I., & Endrei, D. (2019). PSU25 the change of Case Mix Index 
in the publicly financed hungarian one-day surgery care. Value in Health, 22(3), S896. 
https://doi.org/10.1016/j.jval.2019.09.2611

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 15

https://doi.org/10.3399/bjgpopen18x101277
https://doi.org/10.3399/bjgpopen18x101277
https://doi.org/10.12775/EQUIL.2015.008
https://kdesaliecit.sk/nemocnica-roka/2021/metodika
https://kdesaliecit.sk/nemocnica-roka/2021/metodika
https://doi.org/10.1055/s-0040-1721847
https://doi.org/10.1111/j.1365-2753.2007.00899.x
https://doi.org/10.1111/j.1365-2753.2007.00899.x
https://doi.org/10.1111/jgs.12647
https://doi.org/10.14254/2071-789X.2021/14-3/17
https://doi.org/10.1007/s10278-017-9944-y
https://doi.org/10.1055/s-0040-1721847
https://doi.org/10.1089/pop.2013.0002
https://doi.org/10.1002/hpm.2201
https://doi.org/10.1002/hpm.2201
https://doi.org/10.1136/bmjopen-2016-011426
https://doi.org/10.1002/hec.2999
https://doi.org/10.1177/2333392815615103
https://doi.org/10.4258/hir.2017.23.4.322
https://doi.org/10.4258/hir.2017.23.4.322
https://doi.org/10.1016/j.jval.2019.09.2611


Preyra, C. (2004). Coding response to a case-mix measurement system based on multiple diag
noses. Health Services Research, 39(4 Pt 1), 1027–1045. https://doi.org/10.1111/j.1475-6773. 
2004.00270.x

Riklikiene, O., Didenko, O., Ciutiene, R., Daunoriene, A., & Ciarniene, R. (2020). Balancing 
nurses’ workload: A case study with nurse anaesthetists and intensive care nurses. 
Economics & Sociology, 13(2), 11–25. https://doi.org/10.14254/2071-789X.2020/13-2/1

Sarihasan, I., Dajnoki, K., Ol�ah, J., & Al-Dalahmeh, M. (2022). The importance of the leader
ship functions of a high-reliability health care organization in managing the COVID-19 pan
demic in Turkey. Economics & Sociology, 15(1), 78–93. https://doi.org/10.14254/2071-789X. 
2022/15-1/5

Sjetne, I. S., Veenstra, M., & Stavem, K. (2007). The effect of hospital size and teaching status 
on patient experiences with hospital care: A multilevel analysis. Medical Care, 45(3), 252– 
258. https://doi.org/10.1097/01.mlr.0000252162.78915.62

Smatana, M., Pa�zitn�y, P., Kandilaki, D., Lakti�sov�a, M., Sedl�akov�a, D., Palu�skov�a, M., et al. 
(2016). Slovakia: Health system review. World Health Organization. Regional Office for 
Europe, European Observatory on Health Systems and Policies. https://apps.who.int/iris/ 
handle/10665/330213

Song, M., & Song, H. (2019). Staff mix and nursing home quality by level of case mix in Korea. 
Geriatrics & Gerontology International, 19(5), 438–443. https://doi.org/10.1111/ggi.13631

Sopko, J., & Ko�ci�sov�a, K. (2020). key indicators and determinants in the context of the finan
cial aspects of health systems in selected countries. ADIKTOLOGIE Journal, 19, 189–202. 
https://doi.org/10.35198/01-2019-004-0003

Spaulding, A., Edwardson, N., & Zhao, M. (2018). Hospital value-based purchasing perform
ance: Do organizational and market characteristics matter? Journal of Healthcare 
Management, 63(1), 31–48. https://doi.org/10.1097/jhm-d-16-00015

Sundstr€om, B. W., Herlitz, J., Hansson, P. O., & Brink, P. (2015). Comparison of the university 
hospital and county hospitals in western Sweden to identify potential weak links in the early 
chain of care for acute stroke: Results of an observational study. BMJ Open, 5(9), e008228. 
https://doi.org/10.1136/bmjopen-2015-008228

Tup�a, M., & Kraj�co, K. (2019). Immigration of physicians to Slovakia – Case study. Problems 
and Perspectives in Management, 17(4), 262–273. https://doi.org/10.21511/ppm.17(4).2019.22

Tupa, M., Vojtovic, S., & Srovnalikova, P. (2021). Labor emigration trends and factors of doc
tors and nurses (on the example of Slovakia). Sotsiologicheskie Issledovaniya, 12(12), 113– 
123. https://doi.org/10.31857/S013216250017139-5

Xu, J., Park, S., Xu, J., Hamadi, H., Zhao, M., & Otani, K. (2022). Factors impacting patients’ 
willingness to recommend: A structural equation modeling approach. Journal of Patient 
Experience, 9, 23743735221077538. https://doi.org/10.1177/23743735221077538

Yeats, N. (2010). The globalization of nurse migration: Policy issues and responses. International 
Labour Review, 149(4), 423–440. https://doi.org/10.1111/j.1564-913X.2010.00096.x

16 B. GAVUROVA ET AL.

https://doi.org/10.1111/j.1475-6773.2004.00270.x
https://doi.org/10.1111/j.1475-6773.2004.00270.x
https://doi.org/10.14254/2071-789X.2020/13-2/1
https://doi.org/10.14254/2071-789X.2022/15-1/5
https://doi.org/10.14254/2071-789X.2022/15-1/5
https://doi.org/10.1097/01.mlr.0000252162.78915.62
https://apps.who.int/iris/handle/10665/330213
https://apps.who.int/iris/handle/10665/330213
https://doi.org/10.1111/ggi.13631
https://doi.org/10.35198/01-2019-004-0003
https://doi.org/10.1097/jhm-d-16-00015
https://doi.org/10.1136/bmjopen-2015-008228
https://doi.org/10.21511/ppm.17(4).2019.22
https://doi.org/10.31857/S013216250017139-5
https://doi.org/10.1177/23743735221077538
https://doi.org/10.1111/j.1564-913X.2010.00096.x

	Quantification of factors influencing differences in the Case Mix Index and their significance for health systems sustainability
	Abstract
	Introduction
	Literature review
	Methodology
	Results
	Discussion and conclusion
	Disclosure statement
	Funding
	Orcid
	References


