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Regional disparities in medical equipment
distribution in the Slovak Republic – a
platform for a health policy regulatory
mechanism
Beáta Gavurová1* , Viliam Kováč2 and Ján Fedačko3,4

Abstract

Background: This study aims to examine the localisation of selected parameters in the deployment and use of
medical equipment in the Slovak Republic and to verify potential regional disparities. The study evaluates the
benefits of an analytical platform for regulatory mechanisms in the healthcare system.

Methods: The correspondence analysis is applied to the entire data set containing information regarding medical
equipment distribution and mortality.

Results: The results highlight regional differences in the use of medical equipment throughout the analysed period
from 2008 to 2014. The total amount of medical equipment increased slightly to 9192 devices during the time
span. In 2014, there was a significant decrease of 16.44%. Disparities are found in the frequencies and structure of
medical equipment. In some regions, medical equipment is not present or is present in low numbers.

Conclusions: The results regarding regional disparities demonstrate the regional development of the amount of
medical equipment. The deployment of medical equipment is not proportional, and not all of the analysed devices
are available in each region. The tests also indicate the appropriateness of the amount of medical equipment and
create a platform for further investigation. The results of the analysis suggest the unsuitable distribution of medical
equipment throughout the Slovak regions, where there are significant regional disparities. These findings can serve
as a monitoring platform to evaluate the accessibility and efficiency of medical equipment usage.

Trial registration: No human participants were involved in the research.

Keywords: Medical equipment, Healthcare, Health facility, Region, Regional disparity

Background
In recent decades, the field of medical equipment and the
promotion of medical and economic potential have
received attention in terms of detecting the increase in the
efficiency of health systems as well as rapid progress in
the development and implementation of new knowledge
from science and research. New medical equipment must
be evaluated before it is introduced. This process is called
health technology assessment. This multidisciplinary
process summarises information regarding the medical,

economic, social and ethical issues associated with the use
of particular medical equipment. Health technology
assessment has a specific position in scientific research
[1–3]. It creates a link between science and decisions in
health policy [4–6]. As evidenced by the International
Monetary Fund studies comparing the effectiveness of
health technology, this process has been ongoing in Eur-
ope for approximately a decade [7]. The Slovak Republic
possesses great potential for eliminating inefficiencies [8]
and determining the efficient allocation of financial re-
sources for the health system. In some countries, health
technology assessment involves a measurement process
for safety and efficiency [9]. The Slovak Republic signifi-
cantly lags behind in the implementation process. The
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process of evaluating medical equipment directly relates
to the many regulatory processes in the health system sec-
tor that are built on the pillars of the existence, acceptabil-
ity, accessibility and quality of healthcare [10]. These
aspects are determined by the sustainability of healthcare
costs, which is a priority in the creation of a state budget.
Transparent regulatory processes in healthcare along with
product innovations and services and increased efficiency
can greatly eliminate the disparity between resources and
the cost of healthcare in a country. Studies have examined
possibilities for increasing productivity in the interest of
sustainable healthcare costs at optimal limits [11, 12].
Within the European Union as well as the Organisation
for Economic Co-operation and Development, significant
differences in the availability of resources for mental
healthcare are evident. Over the past three decades, the
most common causes of death changed from infectious
diseases to chronic diseases, putting further pressure on
the efficiency and effectiveness of healthcare [13, 14].
Management of spending on the healthcare system be-

came a major health policy goal after the global financial
crisis in 2008. Although these expenditures turned out
to be stabilised after 2010, they remained considerably
below the European average. There are several health in-
dicators that can serve as evaluating points. The health
care system in the Slovak Republic is based on universal
coverage. It means health insurance is compulsory for
each individual. General coverage is provided by basic
benefit package. On the other hand, a competitive insur-
ance model with selective contracting of health care pro-
viders by health insurers and flexible pricing of health
services is offered too. After fulfilling certain explicit cri-
teria, there are no barriers to entry the healthcare
provision market or the health insurance market. Gener-
ally, healthcare is provided free of charge. It is paid by
the health insurers and also some additional payments
are delivered by them.
There are three health insurance companies which

compete for clients based on the quality and variety of
their contracted services. They are obliged to ensure ac-
cessible healthcare regulated by legislation – this means
to contract a sufficient network of providers as deter-
mined by the Ministry of Health. The Health Care Sur-
veillance Authority (Úrad pre dohľad nad zdravotnou
starostlivosťou) is responsible for surveillance over the
health insurance and healthcare provision. Since 2005,
all the health insurance companies are joint stock com-
panies. There is one state-owned health insurer and two
privately owned health insurance companies. The first
one possess roughly a 65-per-cent share of the market.
The Slovak healthcare system is now in a process of

adopting new strategic planning framework. Firstly, it
was introduced by the government in July 2014. This
framework aims to ensure integrated outpatient care, to

contain overutilization, and to restructure inpatient
health care. In 2014, total expenditure in the health sys-
tem was 8.1% of the gross domestic product. This figure
is still significantly lower than the European Union
average of 9.5%. Public resources brought 72.5% of total
expenditure in the health system in that year – slightly
lower than the European Union average of 76.2%. The
main source of revenue of the health system is repre-
sented contributions from employees and employers,
self-employed, voluntarily unemployed, publicly financed
contributions on behalf of economically inactive persons
and dividends. Compulsory health insurance contribu-
tions are collected by the health insurance companies.
The main issue in field of financing is continually rising
substantial debt of the healthcare facilities. On the other
hand, the sole investments come only from the Euro-
pean Union structural funds [15].
From a demographic point of view, the situation in Eur-

ope is not appropriate in its current state. According to
forecasts, in 2030, up to 30% of the European population
will be over 65 years old, and fewer people will be in the
age range for economic activity – over 15 and under 65
[16, 17]. This situation is caused by the projected decrease
from 67% to 56% in the share of the population in the eco-
nomically active age range. These reported demographic
changes will have a significant impact on public finances
in the European Union and will put pressure on health
policies. It is important to give consideration to public
spending linked to the issue of age, such as pensions,
health and long-term care. These expenditures are ex-
pected to grow by 4.1% of the gross domestic product in
2060 compared to 2010. This represents an increase of ap-
proximately 25% to 29% of the gross domestic product.
For expenditures on pensions, an increase from 11.3% to
approximately 13% of the gross domestic product is ex-
pected. There will be significant differences determined by
the structure and methods of implementation of potential
pension reforms among the European countries. Because
there are large discrepancies in the resources available for
healthcare, the extent of differences and the rate of diffu-
sion of new medical practices and equipment will play an
important role. These aspects are optimally evaluated by a
particular measurement system, avoidable mortality,
which is the subject of development and review by many
research teams around the world [8, 18–23]. This meas-
urement system considers the extent of the implementa-
tion of modern healthcare technologies in the context of
interventions that are the basis for recovery and the inclu-
sion or exclusion of individual diagnoses of avoidable mor-
tality. It is sometimes called treatable or preventable
mortality. Negative values for avoidable mortality in a
country may also reflect the significant non-availability of
appropriate medical equipment, poor quality of provided
healthcare services, or a combination of both. From a
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macroeconomic perspective, the smallest volume 872.9
USD of financial resources in healthcare per capita is
spent in Romania, where the standardised mortality rate
of 304 per 100,000 inhabitants is the highest among the
European Union members. In contrast, Luxembourg is
characterised by the highest amount 6340.6 USD, and its
standardised mortality rate of 89 per 100,000 inhabitants
is one of the lowest among the surveyed countries. The
lowest treatable mortality rates are found in Denmark,
Sweden, the Netherlands, Spain, and France. There are
minimal differences in the values of treatable mortality
among these countries; the significant differences are in
the volume of expenditures on their national health sys-
tems per capita – for instance, Spain’s expenditure is
3144.9 USD [10].
These facts prompted us to explore the situation in a

field related to mortality in the Slovak Republic. Usage of
the medical equipment influences mortality rate in gen-
eral. Therefore, the primary aim of this study is to exam-
ine the localisation of the selected parameters in the
deployment and use of selected medical equipment in the
Slovak Republic and to verify the potential regional dispar-
ities. This study also evaluates the benefits of a quantita-
tive analytical platform for regulatory and stabilising
mechanisms in the health system. The unordinary meth-
odical approaches are able to reveal the desired objective
– a comprehensive evaluation of the observed equipment.
It is not only to pick up advantages or disadvantages, but
also to prepare a platform for further research. That is
why, not multifaceted outputs are shown in the analysis,
but rather significant points are addressed to be investi-
gated in the subsequent steps. The study also assesses a
position of an analytical platform in field of the healthcare
system not only for the running regulatory mechanisms,
but also to prepare new types of regulatory mechanisms.

Methods
The data is provided by the National Health Information
Center (Národné centrum zdravotníckych informácií). The
dataset involves numbers of the individual type of medical
equipment in the particular healthcare facilities. There are
twenty-nine medical equipment types included in this ana-
lysis. Their labels in the subsequent tables and figures are
as follows: angiograph – 1; brachytherapy apparatus – 2;
bronchoscope – 3; cystoscope – 4; dialysis monitor – 5;
electrocardiograph – 6; electroencephalograph – 7; electro-
myograph – 8; endoscope – 9; laparoscope, arthroscope –
10; gamma camera – 11; gastroscope, duodenoscope – 12;
isotope irradiator – 13; colonoscope, sigmoidoscope,
proctoscope – 14; colposcope – 15; cryogenic device – 16;
laryngoscope – 17; laser – 18; linear accelerator – 19; litho-
tripter – 20; magnetic resonance imaging device – 21;
mammograph – 22; monitoring device – 23; positron
tomograph – 24; x-ray – 25; tomograph – 26; ultraviolet

and infrared emitter – 27; ultrasound device – 28;
uretroscope – 29; high-frequency device – 30.
Regional disparities are observed according to the

third level of the nomenclature of territorial units for
statistics. This administrative level of the territorial
division of the Slovak Republic represents the highest
tier of the administrative division of the country. This
division is applied from the perspective of self-
government because these self-governing regions also
manage the health facilities in their territory.
There are eight self-governing regions in the Slovak

Republic, which have the following labels in the subse-
quent tables and figures: the Banská Bystrica Self-
governing Region – BC; the Bratislava Self-governing
Region – BL; the Košice Self-governing Region – KI; the
Nitra Self-governing Region – NI; the Prešov Self-
governing Region – PV; the Trenčín Self-governing Re-
gion – TC; the Trnava Self-governing Region – TA; the
Žilina Self-governing Region – ZI.
Several mathematical relations are applied in the analyt-

ical part of the study. They are mentioned in their applied
forms for the purposes of this analysis. The majority of
the analysis is conducted in the form of a correspondence
analysis. The rest of the analysis involves identifying
similarities between the types of medical equipment.
All the analytical outputs are executed in the statis-
tical software environment R using among others the
package vcd handling visualising categorical data.
The equipment profile is calculated as follows [24]:

EPe;r ¼ ne;r
Pc

r¼1
ne;r

; ð1Þ

where the variables are as follows:

– EPe; r – equipment profile of the e equipment type
in the r self-governing region;

– e – the equipment type;
– r – the self-governing region;
– ne; r – number of the e equipment type in the r self-

governing region;
– c – number of the self-governing regions.

The quantification of the regional equipment profile is
performed in the following way [24]:

REPr ¼
P

e¼1

t
ne;r

P

e¼1

tPc

r¼1
ne;r

; ð2Þ

where the variables are as follows:

– REPr – regional equipment profile of the r self-
governing region;
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– t – number of the equipment types;
– e – the equipment type;
– r – the self-governing region;
– ne; r – number of the e equipment type in the r self-

governing region;
– c – number of the self-governing regions.

There are 8 regions in the Slovak Republic, which is
why c is equal to 8. In our case, there are 29 types of
equipment, so t is equal to 29. To compute the ratio of
the amount of equipment to the number of inhabitants,
the population as of 31 December 2014 is used.
The chi-square distance is calculated as follows [25]:

De1;e2 ¼
EPe1;r−EPe2;r

REPr
; ð3Þ

where the variables are as follows:

– e1 – the equipment type;
– e2 – the equipment type;
– De1;e2 – regional equipment profile of the r self-

governing region;
– r – the self-governing region;
– EPe1;r – equipment profile of the e1 equipment type

in the r self-governing region;
– EPe2;r – equipment profile of the e2 equipment type

in the r self-governing region;
– REPr – regional equipment profile of the r self-

governing region.

The output of the analysis is demonstrated on the plots
which visualise localisation of the observed types of the
medical equipment too. The applied types of the diagrams

are mosaic plot and association plot. The first one intro-
duces a multidimensional graphical method to envision
the data from several qualitative variables. This method
represents visualisation of contingency table involving
discrete values in general. A standard way is to demon-
strate two-dimensional contingency table. Dependence be-
tween parts of mosaic plot is found horizontally and
vertically too. One reliance represents a proportion among
categories of the particular variable, whilst the other one
relation among the variables of the same category. Each
cell pictured by rectangle created by rectangle exhibits a
proportion of the particular category for the particular
variable. Appropriate dimension of rectangle is deter-
mined by its share of the total for the variable [26, 27].
This type of diagram is also called mekko chart.
On the other hand, the association plot represents an-

other way of visualisation of two-dimensional contin-
gency table. Every cell visualised like rectangle
represents one category of the individual variable. All
the cells for each category and each variable are localised
relative to a baseline representing an independent state.
On the one hand, a case with observed frequency higher
than expected frequency is demonstrated by cell rising
above the line. On the other hand, a case, which shows
smaller observed frequency than is expected, falls below
the line. Comparison of observed and expected fre-
quency is measured under the null hypothesis of inde-
pendence [28, 29]. Sometimes, this type of diagram is
referred to as Cohen-Friendly association plot.

Results
An initial look at the dataset demonstrates the localisa-
tion of the individual types of equipment in the particu-
lar self-governing regions in Fig.1.

Fig. 1 Equipment distribution according to the self-governing region and its type
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The localisation of the equipment types in the separate
self-governing regions is demonstrated in Fig. 1. The x-
axis shows the order of all the equipment types recog-
nised by the dataset from the National Centre of Health
Information of the Slovak Republic, and the y-axis repre-
sents the administrative division of the Slovak Republic
at the level of the territory units – the self-governing re-
gions. The shading of the x-axis tags represents the
share of the amount of equipment of that type to the
total number of equipment of all 29 types on the x-axis
and the share of the equipment located in the particular
self-governing regions to the total amount of the equip-
ment in the entire Slovak Republic on the y-axis. The
size of the rings in the individual cells and their shading
are determined by the chi-square distance. The larger
the ring is, the larger the distance is between the given
rows. This indicates that these types of equipment are
more dissimilar. We have chosen this visualisation be-
cause more equipment types are similar rather than dif-
ferent. To analyse the distribution of the devices
throughout the Slovak Republic, we quantify an equip-
ment profile for each type of equipment in 2008 and in
2014. This profile presents the share of that type of
equipment localised in the particular self-governing re-
gion to the total amount of equipment in the entire
country. The equipment profiles in 2008 are shown in
Table 1.
The unsuitable localisation of the devices among the

self-governing regions in 2008 is seen mainly in the case
of the least numerous types that are mentioned above in
Table 1. Two exceptions appeared. The first one is the
colposcope, which has 44 pieces and is the 18th most
numerous device; however, 16 of them – 36.36% – are
localised in one self-governing region. The second one is
the laryngoscope, the 14th most numerous type of
equipment. Its total number of 77 includes a 25.97%
share and a 24.68% share in the two most abundant re-
gions and zero in one region. The state at the end of the
observed period is shown in Table 2.
The equipment profiles perform very similarly in 2014

in comparison to 2008, as seen in Table 2. The colpo-
scope is still an instance of unsuitably located equip-
ment, although with the increase of its total number to
46, its share in the same self-governing region fell to
34.78%. The share of laryngoscopes in the most abun-
dant region increased to 28.57%, and the zero number in
another region disappeared.
To examine the profile of the self-governing regions

from with regard to equipment type, a regional equip-
ment profile is applied. It characterises the particular
type of medical device in light of all the self-governing
regions. The regional equipment profile expresses the
mean share of all the equipment profiles in each region,
as shown in Table 3.

The regional equipment profiles demonstrate the aver-
age localisation of the equipment types according to the
self-governing regions, as shown in Table 4.
The equipment average row profile shown in Table

4 reveals quite large regional disparities in this field
in the Slovak Republic. For instance, the highest aver-
age row profile belongs to the BL Region, where its
value reaches 0.1871, whereas the lowest one is asso-
ciated with the TA Region at 0.884, which is less than
half of the previous number. These values represent
the share of the entire amount of equipment in the
Slovak Republic according to localisation in the self-
governing regions. They express the average share of
all the equipment types in the individual self-
governing regions.
The equipment to population ratio represents the

amount of medical equipment per 1000 inhabitants. The

Table 1 Equipment profiles in 2008

Profile BC BL KI NI PV TC TA ZI

1 0.125 0.2 0.225 0.025 0.175 0.075 0 0.175

2 0.1818 0.0909 0.3636 0 0 0.0909 0 0.2727

3 0.0922 0.0922 0.1844 0.156 0.1773 0.078 0.0567 0.1631

4 0.0532 0.2234 0.1596 0.117 0.0957 0.1064 0.1064 0.1383

5 0.0669 0.6642 0.0291 0.0436 0.0392 0.0218 0.0567 0.0785

6 0.1342 0.2067 0.1902 0.0797 0.084 0.0926 0.0632 0.1493

7 0.1827 0.1731 0.1154 0.0865 0.1058 0.1154 0.1154 0.1058

8 0.1304 0.2174 0.2174 0.1449 0.1159 0.029 0.0435 0.1014

9 0.1084 0.1756 0.1979 0.0912 0.1188 0.0706 0.0826 0.1549

10 0.0909 0.2955 0.2273 0.0455 0.2273 0 0.0455 0.0682

11 0.1348 0.2348 0.187 0.0609 0.0652 0.0522 0.0739 0.1913

12 0.1481 0.1111 0.2222 0.1481 0.0741 0.037 0 0.2593

13 0.1045 0.204 0.194 0.0995 0.1045 0.0995 0.0796 0.1144

14 0.1136 0.3636 0.1364 0.0682 0.0455 0.0682 0 0.2045

15 0.0625 0.25 0.25 0.0625 0.0625 0.0312 0.1562 0.125

16 0.0909 0.2597 0.2468 0.0779 0.0779 0.026 0.1039 0.1169

17 0.1923 0.2564 0.1496 0.0684 0.1026 0.0556 0.0513 0.1239

18 0.1429 0.3571 0.1429 0 0.0714 0.1429 0 0.1429

19 0.1212 0.1818 0.1212 0.1515 0.1212 0.0606 0.1212 0.1212

20 0.1212 0.2121 0.303 0.1515 0.1515 0 0.0303 0.0303

21 0.0972 0.2639 0.1806 0.0833 0.125 0.0694 0.0694 0.1111

22 0.1275 0.2064 0.1779 0.0834 0.1209 0.0491 0.0615 0.1733

23 0 0.6667 0 0.3333 0 0 0 0

24 0.1212 0.1812 0.15 0.1288 0.1038 0.0762 0.0938 0.145

25 0.1714 0.2 0.1286 0.0857 0.1143 0.0571 0.0857 0.1571

26 0.0333 0.2 0.0667 0.1333 0.2333 0.1667 0 0.1667

27 0.1164 0.2578 0.1362 0.1185 0.105 0.0759 0.0613 0.1289

28 0.0448 0.2687 0.1642 0.0746 0.1045 0.0448 0.1791 0.1194

29 0.0989 0.1943 0.2792 0.0777 0.0954 0.0742 0.0424 0.1378

Gavurová et al. Health Economics Review  (2017) 7:39 Page 5 of 13



highest figure belongs to the BL Region, with a value of
0.2118, whereas the lowest ratio, at 0.0647, is assigned to
the TA Region. This indicates that every thousand in-
habitants are served by less than one-third of the med-
ical equipment available in the best-equipped region.

Equipment density is calculated as the ratio of the
average row profile and the equipment to population ra-
tio. It expresses the proportion of whether a share of the
equipment localised in a particular region is higher than
the ratio of all the medical equipment to the population
of the given region. The highest value, 1.1605, is reached
by the BL Region, whereas the lowest value, 0.9026, be-
longs to the TC Region. This finding reveals that the
most-equipped region also has the best density of med-
ical equipment.
One of the most frequently applied methods to de-

termine how much information is available in the ex-
amined data is to use the eigenvalue with its
attributes as the indicator [30]. For this purpose, we
have quantified the eigenvalues of the dimensions ac-
cording to the correspondence analysis, as shown in
Table 5.
According to the output of the executed correspond-

ence analysis as seen in Table 5, there are eight dimen-
sions, but the last one has a share of only 4.14 10−30%,
which can be considered equal to 0. These eight dimen-
sions represent the individual self-governing regions of
the Slovak Republic. The main dimension explains
39.75% of the data inertia. This could be presented as
the most representative self-governing region. The sec-
ond and third dimensions add approximately the same
share of inertia −20.85% and 16.98%, respectively. The
fourth dimension and the successive dimensions indi-
vidually produce less than a half of the inertia produced
by the previous dimension. The fourth one explains
7.62%, which is only 44.84% of the inertia clarified by
the previous dimension. Because the first three dimen-
sions provide a 77.59% share of the data inertia together,
we can set the number of statistically significant dimen-
sions to three [31]. It means the three strongest self-
governing regions – in terms of the strength from an
angle of view of this analysis – are able to perform as
the whole dataset. The rest of the analysis is concerned
with this setting.
The situation of the localisation of health facilities is

varied in the Slovak Republic. To measure regional dis-
parities, the similarity of the equipment row profiles is
used. We compute similarity as the chi-square distance.
The output, which reflects the chi-square distances from
the end of the explored period subtracted from the be-
ginning of the explored period, is shown in Table 6.
If we compare individual distances between the equip-

ment types at the beginning and at the end of the ob-
served period, we can observe changes in the similarities
of the same equipment type pairs. There are two cases
in which no change occurred after the analysed period:
between the angiograph and the group of colonoscopes,
sigmoidoscopes and proctoscopes and between the la-
ryngoscope and mammograph.

Table 2 Equipment profiles in 2014

Profile BC BL KI NI PV TC TA ZI

1 0.1351 0.1351 0.1892 0.0811 0.2162 0.0811 0.027 0.1351

2 0.1429 0.1429 0 0 0.2857 0 0 0.4286

3 0.0709 0.1417 0.126 0.1496 0.2126 0.0866 0.0551 0.1575

4 0.0909 0.2208 0.0519 0.1039 0.1039 0.1169 0.1688 0.1429

5 0.065 0.1225 0.185 0.1336 0.1017 0.1532 0.1066 0.1324

6 0.1286 0.1857 0.1529 0.103 0.0945 0.1017 0.0741 0.1594

7 0.1158 0.1579 0.1053 0.0947 0.1158 0.1368 0.1263 0.1474

8 0.0781 0.2188 0.1719 0.125 0.125 0.0625 0.1406 0.0781

9 0.076 0.1868 0.1273 0.076 0.1256 0.119 0.1074 0.1818

10 0.04 0.28 0.32 0.08 0.12 0 0 0.16

11 0.1239 0.2389 0.1283 0.0708 0.1195 0.0664 0.0929 0.1593

12 0.0526 0.1579 0.1579 0.1579 0.1579 0 0 0.3158

13 0.1214 0.2081 0.1445 0.0809 0.1098 0.1214 0.0983 0.1156

14 0.1304 0.3478 0.0435 0.1304 0.087 0.0652 0 0.1957

15 0.1224 0.3878 0.1224 0.0408 0.0612 0.0204 0.1224 0.1224

16 0.0714 0.2857 0.2024 0.0952 0.1071 0.0476 0.0833 0.1071

17 0.1262 0.2009 0.1168 0.0888 0.1355 0.0981 0.0794 0.1542

18 0 0.3529 0.1765 0.0588 0.1176 0.1176 0 0.1765

19 0.0667 0.1667 0.0333 0.1 0.2333 0.0667 0.1667 0.1667

20 0.0556 0.25 0.0556 0.1111 0.1667 0.1111 0.1111 0.1389

21 0.0899 0.2472 0.1236 0.1124 0.1124 0.1011 0.0899 0.1236

22 0.1258 0.1629 0.1177 0.0746 0.1641 0.0593 0.0863 0.2093

23 0.1429 0.4286 0.1429 0.2857 0 0 0 0

24 0.1015 0.1797 0.1082 0.1265 0.1231 0.0998 0.1015 0.1597

25 0.119 0.1786 0.0952 0.1071 0.131 0.131 0.0833 0.1548

26 0.0814 0.2093 0.1163 0.0349 0.1628 0.1512 0.0814 0.1628

27 0.1221 0.234 0.1103 0.0976 0.1271 0.0901 0.0758 0.1431

28 0.0139 0.2222 0.0556 0.0833 0.1111 0.0694 0.2917 0.1528

29 0.0955 0.2166 0.1146 0.1338 0.1274 0.0796 0.0669 0.1656

Table 3 Regional equipment profiles

Year BC BL KI NI PV TC TA ZI

2008 0.119 0.2458 0.1658 0.0894 0.1023 0.0649 0.0672 0.1457

2009 0.1246 0.2118 0.1756 0.0875 0.1107 0.0719 0.0647 0.1533

2010 0.1178 0.2043 0.1939 0.0828 0.1092 0.0751 0.0696 0.1473

2011 0.117 0.2024 0.1978 0.0798 0.1091 0.0744 0.0684 0.151

2012 0.1187 0.2011 0.1956 0.0818 0.1093 0.073 0.0753 0.1452

2013 0.1173 0.1992 0.1963 0.0804 0.113 0.075 0.0747 0.1441

2014 0.1097 0.1871 0.1292 0.0964 0.1299 0.0916 0.0884 0.1676
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Figure 2 presents an analysis of the equipment row
profiles.
Figure 2 displays the chi-square distances of the equip-

ment row profiles. If we consider this table matrix, we
can observe that the matrix is symmetrical because the
similarity of the equipment types based on the chi-
square distance quantification is not directional or
causal. Zeros in the main diagonal represent the identity
of the same equipment row profiles. The smaller the dis-
tance between two row profiles is, the more similar they
are. In our case, this indicates that the lower similarity
values are between the two equipment row profiles. The
most analogous localisation of these two equipment
types is in the Slovak Republic. The largest distance can
be seen between the brachytherapy apparatus and the
positron tomograph, which indicates that the localisation
of equipment for brachytherapy and the positron tomo-
graph is the most different with a chi-square distance of
3.17. This is followed by the pair of the uretroscope and
brachytherapy apparatus, which are distant from each
other by 1.98. Generally, brachytherapy apparatus is
the most distant one from all the equipment because
as the only one device it is not nearer to any
remaining equipment than distance of 1 is. Depend-
ence between a number of the equipment and its
localisation is demonstrated in Fig. 3.
The mosaic diagram in Fig. 3 presents the localisation of

the equipment shown in the y-axis types according to the
separate self-governing regions presented on the x-axis in
such a way that the quadrilateral area represents the share
of the number of the particular type of equipment to the
total number of all equipment in the entire Slovak Repub-
lic or in the particular self-governing region. Blue shading

represents a situation in which the number of equipment
of a particular type is higher than in the case of their uni-
form distribution among all the healthcare facilities in the
Slovak Republic. The red shading indicates a state in
which there is a smaller number of equipment of that type
localised in the specific self-governing regions than in the
case of uniform localisation.
These statements can be formulated into the two fol-

lowing hypotheses:

– H0: there is no dependence between the number of
equipment of the same type and its localisation;

– H1: there is a dependence between the number of
the equipment of the same type and its localisation.

To determine which statement is statistically true,
we use standardised Pearson’s residuals. Pearson’s chi-
square test statistics reach a value of 532.08 at 196
degrees of freedom. The p-value stands at 7.82 10−33,
which can be regarded as 0, so we do not reject the
zero hypothesis H0. This indicates that there is no
evidence that dependence between the equipment
type and its localisation is present according to this
analysis. The most numerous equipment localisation
is demonstrated in Fig. 4.
To visualise the most numerous equipment, we have

chosen four types of equipment with the highest abso-
lute quantities: monitoring devices, electrocardiographs,
ultrasound devices and dialysis monitors. The associ-
ation diagram in Fig. 4 shows the relationship between
the type of equipment demonstrated on the y-axis and
its location region visualised on the x-axis.
The hypotheses are as follows:

– H0: there is no association between the number of
equipment of a particular type and its localisation;

– H1: there is an association between the number of
equipment of a particular type and its localisation.

To verify the relationship between the types of equip-
ment and the self-governing regions, we applied
Pearson’s chi-square test. The statistics reached a value
of 265.30 at 21 degrees of freedom with a p-value of 2.2
10−16, which can be considered to be 0. According to
this result, we do not reject the zero hypothesis H0,
which says that there is no association between equip-
ment type and its localisation.

Table 4 Regional equipment profiles

Indicator BC BL KI NI PV TC TA ZI

average row profile 0.119 0.2458 0.1658 0.0894 0.1023 0.0649 0.0672 0.1457

equipment to population ratio 0.1246 0.2118 0.1756 0.0875 0.1107 0.0719 0.0647 0.1533

equipment density 0.9551 1.1605 0.9442 1.0217 0.9241 0.9026 1.0386 0.9504

Table 5 Eigenvalues of the dimensions of the medical
equipment distribution

Dimension Eigenvalue Percentage
of variance

Cumulative percentage
of variance

1 0.0230 39.75% 39.75%

2 0.0121 20.85% 60.61%

3 0.0098 16.98% 77.59%

4 0.0044 7.62% 85.20%

5 0.0040 6.85% 92.06%

6 0.0029 4.98% 97.04%

7 0.0017 2.96% 100%

8 2.40. 10−33 4.14. 10−30% 100%
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Another analytical dimension is represented by causal-
ity between mortality and the localisation of the medical
equipment. Our goal is to examine the relation between
the health policy platform with a preference for the diag-
noses of the circulatory system in the ninth chapter of
the International Statistical Classification of Diseases
and Related Health Problems maintained by the World
Health Organization and the distribution of medical
equipment throughout the Slovak regions.
The most common diagnoses causing death are the

ones assigned to the circulatory system group. For the
time span from 2008 to 2013, the correlation of the stan-
dardised mortality rate and the localisation of healthcare
equipment according to the self-governing regions is cal-
culated. The BL Region is the only one that shows a very
weak correlation at the level of −0.1280. The TC Region
and the TA Region are characterised by a low positive
correlation reaching 0.3891 and 0.4017, respectively,
whereas the NR Region is represented by a low negative
correlation at −0.3787. The remaining four regions dem-
onstrate cases with high correlations. The PV Region
and the BC Region have a high positive correlation at
0.6209 and 0.8310, respectively, whereas the ZI Region
and the KI Region have a high negative correlation at
−0.7976 and −0.8615, respectively. A low correlation

indicates that there is no association between the
amount of healthcare equipment and the decreasing
standardised mortality rate. The most desirable occur-
rence happens when the increasing number of health-
care equipment helps to lower the standardised
mortality rate.

Discussion
The medical equipment in the health facilities all over
the Slovak Republic is localised very unproportionally.
Its distribution does not follow the optimal localisation
according to the map of the health facilities.
Several health facilities have limited access to tomog-

raphy or magnetic resonance imaging devices. Situations
may occur in which a patient in need must wait several
months to be examined by x-ray computed tomograph.
The origin of this situation is debatable. The most prob-
able cause is the absence of financial resources that
should be provided by health insurance companies. Cur-
rently, the Slovak economy and the related health system
are established in a way that does not allow the natural
reproduction of health technologies. Healthcare pro-
viders are not able to gather the financial resources to
purchase new equipment. Therefore, it is necessary to
address this issue and to communicate it at the

Fig. 2 Chi-square distances of equipment row profiles
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Fig. 4 The most numerous equipment localisation

Fig. 3 Dependence between the number of the equipment and its localisation
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government level. The need to acquire diagnostic equip-
ment to coordinate public health departments is also an
important issue. One solution could be the initiation of
an adequate norm that would force healthcare providers
to renovate medical equipment in the corresponding
time period. An alternative to resolve this problem
would be to introduce the process of financing the ac-
quired health equipment from the state budget or by re-
imbursement from the health insurance companies. For
instance, investments in radiological technology should
be one of the most important indicators monitored
within the strategic framework of the Slovak health ser-
vice. Another issue is the inappropriate distribution of
medical equipment throughout the Slovak regions,
which have significant regional disparities between
healthcare providers. This issue is closely tied to the
autonomy of the self-governing regions of the Slovak Re-
public because they are also responsible for the manage-
ment of healthcare providers supported by the state
budget.
Many research teams have analysed medical equip-

ment and the quantification of its causalities. Similarly,
many scientific studies have focused on the status of
medical equipment as part of a country’s informatisation
process in the context of various reforms or in research
on regional disparities in terms of health [32–35]. Other
authors focus on selected aspects of the health system
and examine the influence of medical equipment on eco-
nomic categories, the availability of healthcare and its
real impact on regions [36–42]. Several studies that have
conducted research on the geographical distribution of
medical equipment and its causalities are heterogeneous
in terms of the research targets as well as their meth-
odological mechanisms that significantly limit inter-
national comparison. There are visible the considerable
different results than obtained from this analysis. The
main evidence may be provided by a study that analyses
medical equipment in Japan. The paradox is that even in
Japan, which has the highest number of computed tomo-
graphs and magnetic resonance imaging devices per in-
habitant in the world, the geographic distribution of
these technologies is currently unknown. Moreover,
nothing is known regarding the cause and effect rela-
tionship between the number of diagnostic devices and
their geographic distribution [43]. These facts create a
wide platform for subsequent studies, whose findings are
necessary for various types of policies in individual
countries. The main strength of the study lies in a com-
bination of an investigation that has not been yet done
and usage of the new modern type of analysis. There is a
lack of such studies in the Slovak Republic. The poten-
tial weakness is hide in a short period that is observed in
the analysis. This is due the fact that there had been no
such data before the beginning of the explored period.

Conclusion
Global ageing is a process that is related to the develop-
ment of the standardised mortality rate. These two factors
have a significant impact on the health system of a coun-
try and are influenced by a number of socio-economic
determinants. Moreover, several aspects influence the pro-
cesses discussed here. For instance, the health insurance
system, with its excessive expenses that are intended for
the entire network of healthcare providers, plays an im-
portant role in the quality of treatment processes and the
sophistication of medical technology. Worldwide, the his-
torical development of scientific and technical progress
and the rate of implementation of research into practice is
diverse. The Slovak Republic lacks the ability for long-
term monitoring of the status of medical equipment in
health facilities. Some issues influence healthcare and as-
sociated treatment.
The aim of this study is to examine the localisation of

selected parameters in use of medical equipment in the
Slovak Republic and subsequently to discover potential
regional disparities. This aim was partially fulfilled by
the finding of unproportional localisation of the medical
equipment, although there is to note that further re-
search is needed in this field. The results demonstrate
regional disparities in the use of medical equipment
throughout the whole analysed period. There are also
the regions where medical equipment is not present or
is present in considerable low numbers, which creates
an inefficient situation. The substantial meaning of the
study is to reveal the potential regional disparities
throughout the various types of the analyses.
There is a lot of possibilities how to conduct this re-

search in future. The most important point is not cre-
ated by the obtained results from the conducted
analysis. These findings should serve as a monitoring
platform to evaluate the accessibility and quality of
healthcare technologies for use in this country. It is ne-
cessary to obtain more detailed data to obtain more
valuable conclusions from this analysis. The results can
serve to policymakers and they can create a substantial
part of the potential future support systems. We will
continue our current research activities and cooperate
with the related institutions of the Slovak health system.

Funding
The Scientific Grant Agency of the Ministry of Education, Science, Research
and Sport of the Slovak Republic and the Slovak Academy of Sciences
project 1/0945/17 Research of the economic quantification of marketing
processes aimed at increasing the value for the patient, multi-dimensional
analyses of the marketing mix of health facilities and quantification of their
importance in the process of establishing a system to measure the quality
and effectiveness of health system in the Slovak Republic.

Availability of data and materials
Information System of Health Indicators – National Health Information
Center (Informačný system zdravotníckych indikátorov – Národné centrum
zdravotníckych informácií).

Gavurová et al. Health Economics Review  (2017) 7:39 Page 11 of 13



Authors’ contributions
BG: Introduction, Discussion, Conclusion; VK: Materials and Methods, Results,
Conclusion; JF: Discussion, Conclusion. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Banking and Investment, Faculty of Economics, Technical
University of Košice, Němcovej 32, 04001 Košice, Slovak Republic.
2Department of Finance, Faculty of Economics, Technical University of Košice,
Němcovej 32, 04001 Košice, Slovak Republic. 31st Department of Internal
Medicine, Louis Pasteur University Hospital in Košice, Trieda Slovenského
národného povstania 1, 04011 Košice, Slovak Republic. 4Centre of Excellence
in Atherosclerosis Research, Pavol Jozef Šafárik University in Košice, Trieda
Slovenského národného povstania 1, 04011 Košice, Slovak Republic.

Received: 21 July 2017 Accepted: 30 October 2017

References
1. Rogalewicz V. Health technology assessment as a tool for medical devices

management in hospitals. In: EHB 2015. Proceedings of the 5th IEEE
international conference on E-health and. Bioengineering. 2015; doi: 10.
1109/ehb.2015.7391561.

2. Zavadil M, Rogalewicz V, Kubátová L, Matloňová V, Salačová K. Hospital-based
health technology assessment. Cas Lek Cesk. 2016;155(5):254–9.

3. Ivlev I, Jablonsky J, Kneppo P. Multiple-criteria comparative analysis of
magnetic resonance imaging systems. Int J Med Eng Inform. 2016;8(2):124–41.
doi: 10.1504/ijmei.2016.075757.

4. Pharr JR. Accessible medical equipment for patients with disabilities in
primary care clinics: why is it lacking? Disabil Health J. 2013;6(2):124–32.
https://doi.org/10.1016/j.dhjo.2012.11.002.

5. Bem A, Prędkiewicz P, Ucieklak-Jeż P, Siedleck R. Profitability versus debt in
hospital industry. In: European financial systems 2015 – proceedings of the
12th international scientific conference; 18–19 June 2015; Brno, Czech
Republic. Brno: Masaryk University; 2015. p. 20–7.

6. Bem A, Prędkiewicz P, Ucieklak-Jeż P, Siedleck R. Impact of hospital's
profitability on structure of its liabilities. In: Strategica. Local versus global.
Proceedings of the third Strategica international conference; 29–30 October,
vol. 2015. Bucharest: Romania. Tritonic; 2015. p. 657–65.

7. Bojnický M. Hodnotenie zdravotníckych technológií HTA. In: Verejné
zdravotníctvo. 2010;7(2):1–10. http://verejnezdravotnictvo.szu.sk/SK/2010/2/
Bojnicky.pdf. Accessed 23 Sept 2017

8. Soltes M, Gavurova B. Quantification and comparison of avoidable mortality
– causal relations and modification of concepts. Technol Econ Dev Econ.
2015;21(6):917–38. doi: 10.3846/20294913.2015.1106421.

9. Barták M, Rogalewicz V, Jílková J, Jeřábková S. Cross-border healthcare in
European Union and Czech Republic. Cas Lek Cesk. 2016;155(5):247–53.

10. Gavurová B, Vagašová T. Regional differences of standardised mortality rates
for ischemic heart diseases in the Slovak Republic for the period 1996–2013
in the context of income inequality. Health Econ Rev. 2016;6(1):1–12. doi:
10.1186/s13561-016-0099-1.

11. Beyer D, Flanagan A, Heinemann A, Poengsen A. Health Care Regulation
Across Europe. The Boston Consulting Group. 2007. https://www.bcg.com/
documents/file15096.pdf. Accessed 23 Sept 2017.

12. Šoltés V, Gavurová B. The Functionality Comparison of the Health Care
Systems by the Analytical Hierarchy Process Method. E+M Ekonomie a
Management. 2014;17(3):100–18. 10.15240/tul/001/2014-3-009.

13. Zelený T, Bencko V. Healthcare system financing and profits: all that glitters
is not gold. Cent Eur J Public Health. 2015;23(1):3–7. 10.21101/cejph.a4027.

14. Szczygieł N, Rutkowska-Podolska M, Michalski G. Information and
Communication Technologies in Healthcare: Still innovation or reality?
Innovative and entrepreneurial value-creating approach in healthcare
management. Proceedings of the 5th central European conference in
regional science; 5–8 October 2014; Košice, Slovak Republic. Košice:
Technical University of Košice; 2015: 1020–1029.

15. Smatana M, Pažitný P, Kandilaki D, Laktišová M, Sedláková D, Palušková M,
von Ginneken E, Spranger A. Slovakia: health system review. Health Systems
in Transition. 2016;18(6):1–243. http://www.euro.who.int/__data/assets/pdf_
file/0011/325784/HiT-Slovakia.pdf?ua=1. Accessed 23 Sept 2017

16. Pol LG, Thomas RK. The demography of health and healthcare. London:
Springer; 2013.

17. Population Projections 2008–2060. 2014. europa.eu/rapid/press-release_
STAT-08-119_en.pdf. Accessed 25 Feb 2017.

18. Meszaros J, Burcin B. Vývoj odvrátiteľnej úmrtnosti na Slovensku. Slovenská
štatistika a. demografia. 2008;18(2–3):24–39.

19. Newey C, Nolte M, McKee M, Mossialos E. Avoidable mortality in the
enlarged European Union. 2003.

20. Nolte E, McKee M. Measuring the health of nations: updating an earlier
analysis. Health Aff. 2008;27(1):58–71. doi: 10.1377/hlthaff.27.1.58.

21. Rutstein DD, Berenberg W, Chalmers TC, Child CG 3rd, Fishman AP, Perrin
EB, Feldman JJ, Leaverton PE, Lane M, Sencer DJ, Evans CC. Measuring the
quality of medical care – a clinical method. N Engl J Med. 1976;294(11):582–
8. doi: 10.1056/NEJM197603112941104.

22. Westerling R. Commentary: evaluating avoidable mortality in developing
countries – an important issue for public health. Int J Epidemiol. 2001;30(5):
973–5. doi: 10.1093/ije/30.5.973.

23. Tobias M, Yeh L. How much does health care contribute to health gain and to
health inequality? Trends in amenable mortality in New Zealand 1981–2004. J Public
Health Policy. 2009;33(1):70–8. doi: 10.1111/j.1753-6405.2009.00342.x.

24. Bendixen MA. Practical guide to the use of correspondence analysis in
marketing research. The. Mark Bull. 2003;14(2):1–15. http://marketing-
bulletin.massey.ac.nz/V14/MB_V14_T2_Bendixen.pdf. Accessed 23 Sept 2017

25. Yelland PM. An introduction to correspondence analysis. Math J. 2010;12(1):
1–23. doi: 10.3888/tmj.12-4.

26. Hartigan JA, Kleiner B. Mosaics for contingency tables. Computer science and
statistics: proceedings of the 13th symposium on the. Interface. 1981:268–73.

27. Friendly M. Mosaic displays for multi-way contingency tables. J Am Stat
Assoc. 1994;89(425):190–200.

28. Cohen A. On the graphical display of the significant components in a two-
way contingency table. Commun Stat Theory Methods. 1980;9(10):1025–41.

29. Friendly M. Graphical methods for categorical data. Statistical Analysis
System Global Forum Proceedings. April 1992:1367–73. http://www.
sascommunity.org/sugi/SUGI92/Sugi-92-233%20Friendly.pdf. Accessed 23
Sept 2017

30. Caglayan G. Making sense of eigenvalue–eigenvector relationships: math
majors’ linear algebra – geometry connections in a dynamic environment.
J Math Behav. 2015;40(B):131–53. doi: 10.1016/j.jmathb.2015.08.003.

31. Cardoso DM, Lozin VV, Luz CJ, Pacheco MF. Efficient domination through
eigenvalues. Discret Appl Math. 2016;214:54–62. doi: 10.1016/j.dam.2016.06.014.

32. Cook L. Constraints on universal health Care in the Russian Federation:
inequality, informality and the failures of mandatory health insurance
reforms. United Nations research institute for. Soc Dev. 2015;

33. Chevreul K, Brigham KB, Durand-Zaleski I, Hernández-Quevedo C. France:
health system review. Health Syst Transit. 2015;17(3):1–218.

34. O'Neill JE, O'Neill DM. Health Status, Health Care and Inequality: Canada vs.
the U.S. National Bureau of Economic Research Working Paper Series 13429.
2007; doi: 10.3386/w13429.

35. Tragakes E, Lessof S. Health Care Systems in Transition: Russian Federation.
Copenhagen: European Observatory on Health Systems and Policies. 2003; 5
(3). http://www.euro.who.int/__data/assets/pdf_file/0005/95936/e81966.pdf.
Accessed 23 Sept 2017.

36. Dragomiristeanu A. Reducing inequities in healthcare: a priority for
European policies and measures. Manag Health. 2010;14(3):14–9. doi: 10.
5233/mih.2010.0019.

37. Ruggieri-Pignon S, Pignon T, Marty M, Rodde-Dunet MH, Destembert B,
Fritsch B. Infrastructure of radiation oncology in France: a large survey of
evolution of external beam radiotherapy practice. Int J Radiat Oncol Biol
Phys. 2005;61(2):507–16. doi: 10.1016/j.ijrobp.2004.06.009.

Gavurová et al. Health Economics Review  (2017) 7:39 Page 12 of 13

http://dx.doi.org/10.1109/ehb.2015.7391561.
http://dx.doi.org/10.1109/ehb.2015.7391561.
http://dx.doi.org/10.1504/ijmei.2016.075757.
http://dx.doi.org/10.1016/j.dhjo.2012.11.002
http://verejnezdravotnictvo.szu.sk/SK/2010/2/Bojnicky.pdf
http://verejnezdravotnictvo.szu.sk/SK/2010/2/Bojnicky.pdf
http://dx.doi.org/10.3846/20294913.2015.1106421
http://dx.doi.org/10.1186/s13561-016-0099-1.
https://www.bcg.com/documents/file15096.pdf
https://www.bcg.com/documents/file15096.pdf
http://dx.doi.org/10.15240/tul/001/2014-3-009
http://dx.doi.org/10.21101/cejph.a4027
http://www.euro.who.int/__data/assets/pdf_file/0011/325784/HiT-Slovakia.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0011/325784/HiT-Slovakia.pdf?ua=1
http://dx.doi.org/10.1377/hlthaff.27.1.58
http://dx.doi.org/10.1056/NEJM197603112941104.
http://dx.doi.org/10.1093/ije/30.5.973
http://dx.doi.org/10.1111/j.1753-6405.2009.00342.x.
http://marketing-bulletin.massey.ac.nz/V14/MB_V14_T2_Bendixen.pdf
http://marketing-bulletin.massey.ac.nz/V14/MB_V14_T2_Bendixen.pdf
http://dx.doi.org/10.3888/tmj.12-4
http://www.sascommunity.org/sugi/SUGI92/Sugi-92-233%20Friendly.pdf
http://www.sascommunity.org/sugi/SUGI92/Sugi-92-233%20Friendly.pdf
http://dx.doi.org/10.1016/j.jmathb.2015.08.003
http://dx.doi.org/10.1016/j.dam.2016.06.014
http://dx.doi.org/10.3386/w13429
http://www.euro.who.int/__data/assets/pdf_file/0005/95936/e81966.pdf
http://dx.doi.org/10.5233/mih.2010.0019
http://dx.doi.org/10.5233/mih.2010.0019
http://dx.doi.org/10.1016/j.ijrobp.2004.06.009


38. Ventola CL. Challenges in evaluating and standardizing medical devices in
health care facilities. PT. 2008;33(6):349–59. http://citeseerx.ist.psu.edu/
viewdoc/download?doi=10.1.1.567.4456&rep=rep1&type=pdf. Accessed 23
Sept 2017

39. Miao CX, Zhuo L, YM G, Qin ZH. Study of large medical equipment
allocation in Xuzhou. J Zhejiang Univ Sci B. 2007;8(12):881–4. doi: 10.1631/
jzus.2007.b0881.

40. Franzini L, Giannoni M. Determinants of health disparities between Italian
regions. BMC Public Health. 2010;10:296. doi: 10.1186/1471-2458-10-296.

41. Sonğur C, Top M. Regional clustering of medical imaging technologies.
Comput Human Behav. 2016;61:333–43. doi: 10.1016/j.chb.2016.03.056.

42. Anjomshoa M, Mousavi SM. Regional disparities in the distribution of health
care facilities: building evidence for evidence-based policy making. Iran J
Public Health. 2014;43(7):1020–1.

43. Matsumoto M, Koike S, Kashima S, Awai K. Geographic distribution of CT,
MRI and PET devices in Japan: a longitudinal analysis based on National
Census Data. PLoS One. 2015;10(5):1–12. doi: 10.1371/journal.pone.0126036.

Gavurová et al. Health Economics Review  (2017) 7:39 Page 13 of 13

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.567.4456&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.567.4456&rep=rep1&type=pdf
http://dx.doi.org/10.1631/jzus.2007.b0881
http://dx.doi.org/10.1631/jzus.2007.b0881
http://dx.doi.org/10.1186/1471-2458-10-296.
http://dx.doi.org/10.1016/j.chb.2016.03.056
http://dx.doi.org/10.1371/journal.pone.0126036.

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Results
	Discussion
	Conclusion
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

