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SUMMARY

• Ever tightening budgets require more efficiency 
from the public health care sector, making learning 
from best practices invaluable. International com-
parison of performance can proceed at a number 
of possible levels, e.g. system-wide, by disease, and 
by subsector (such as hospital or nursing homes). 
There are arguments for and against each, but when 
it comes to health outcomes the disease-based ap-
proach is the most suitable, since the health gains 
of the activities can be measured quite accurately 
at disease level. We evaluated the performance of 
seven European health care systems using the dis-
ease-based approach. In addition, we compared the 
productivity of Nordic hospitals against quality of 
care using the subsector approach.

• For the first time in Europe, we were able to com-
pare what happens to all patients with specific 
conditions between countries and regions within 
a one-year follow-up after onset of the disease. We 
analysed patients suffering from acute myocardial 
infarction, ischaemic stroke, hip fracture, and breast 
cancer, as well as very low birth weight (VLBW) and 
very low gestational age (VLGA) newborn infants 
in Finland, Hungary, Italy, the Netherlands, Norway, 
Scotland, and Sweden.

• We found that there were differences in the perfor-
mance of the different health care systems in all of 
the analysed subgroups. In addition, in all the coun-
tries there were wide regional- and hospital-level 
differences. 

• Generally, health outcomes were good in Italy, 
Norway and Sweden in all of the analysed patient 
groups. The Netherlands had an average perfor-
mance in these patient groups. Health outcomes in 
Finland were roughly on the same level as in Nor-
way and Sweden, with the exception of acute myo-
cardial infarction where Finland performed worse. 
The ranking of Scotland varied between conditions. 

• The study did not find a clear relationship between 
health care financing and performance. There were 
both well- and poor-performing countries and re-
gions both among social insurance and tax-based 
health care systems.

• A prospective activity based hospital reimburse-
ment seemed to increase the use of immediate per-
cutaneous coronary intervention among the acute 

myocardial infarction patients, but the reimburse-
ment mechanism was not related to better outcome 
for patients. 

• The differences in performance between regions 
and hospitals were not explained by the analysed 
demand and supply factors such GDP per capita, 
unemployment, education, population density and 
age structure, concentration of hospital care as well 
as condition-specific measures of supply of services.

• Length of stay of the first hospital episode was short-
est in Hungary for hip fracture and ischaemic stroke 
patients. However, for acute myocardial infarction 
and VLBW and VLGA infants, opposite results were 
found, with length of stay relatively long in Hungary 
in these patient groups. In the care of acute myo-
cardial infarction, length of stay was shortest for 
Scotland, while Scotland showed long length of stay 
for ischaemic stroke and VLBW and VLGA. Unfor-
tunately, we were not able to capture the extent to 
which ambulatory and home care was used as alter-
natives to admission in different countries. 

• The results indicate that each country had the po-
tential to improve efficiency, because of consider-
able variation both at the regional- and hospital-
level. There was no apparent positive relationship 
between quality and use of resources except for the 
care of acute myocardial infarction patients in Fin-
land and Hungary.

• At the hospital-level we did not find any correla-
tion between the quality of care of acute myocar-
dial infarction, ischaemic stroke and hip fracture. 
Therefore, the information on quality of treatment 
for one specific health problem (disease) cannot be 
used as the only source to compare the overall qual-
ity of care at the hospital level. Reliable benchmark-
ing requires performance measures based on several 
health conditions.

• The Nordic hospital comparison did not indicate 
clear productivity difference between the Finn-
ish, Danish and Norwegian hospitals. However, 
the Swedish hospitals’ productivity was about 20% 
lower than in the other Nordic countries on aver-
age. There was no clear association between the 
productivity and quality of care among the Nordic 
hospitals, and thus productivity differences between 
the countries were not associated with differences in 
quality.
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There are three main reasons for measuring the 
outcomes, performance, and efficiency of Euro-

pean health care systems. First, there is the urge to 
improve efficiency when budgets are getting more 
binding. International comparisons of health system 
performance may provide lessons and best prac-
tices. Second, the efficiency of health care should be 
measured, since it has been placed high on interna-
tional and European agendas. Third, while the need 
for international performance comparisons is self-
evident, there is a lack of good quality research in 
the field. This is not due to the researchers, but due 
to incomparability of data. Patient- and sector-level 
data from various sources are not comparable as 
such, which reduces their feasibly in benchmarking 
and hence makes learning from best practices very 
difficult and may lead sometimes even to wrong in-
terpretation.

From the set of available levels of analysis for ef-
ficiency comparisons, EuroHOPE (European Health 
Care Outcomes, Performance, and Efficiency) has 
applied both the disease and the sub-sector levels 
(Häkkinen and Jourmard 2007) in a four-year pro-
ject funded by the European Commission. Disease-
level analysis concentrates on different diseases, how 
those evolve and what impact an intervention has 
at different stages of the evolvement on outcomes, 
while the sub-sector level analysis places heavy em-
phasis on how a health care subsector is organized 
(structure), which can influence how participants in 
the subsector behave (conduct), and ultimately how 
the subsector performs in the aggregate (and also 
typically stage by stage, or industry by industry). 

EuroHOPE applied these levels of analyses to 
study five disease groups: acute myocardial infarc-
tion (AMI), ischaemic stroke, hip fracture, breast 
cancer and very low birth weight (VLBW) and 
very low gestational age (VLGA) infants. The data 
was obtained from a variety of national registers in 
Finland, Hungary, Italy, the Netherlands, Norway, 

EuroHOPE: Evaluating Outcomes, Performance, 
and Efficiency of European Health Care Systems

Scotland, and Sweden. Possibilities to link data from 
various sources at individual level have been utilised 
to enable rich risk-adjustment for controlling het-
erogeneity, to enable follow-up to seek for outcomes 
indicating effectiveness, and follow-down to ensure 
the patient cohorts consist of solely first-ever cases. 
The sub-sector level analysis has been used to com-
pare the productivity of Nordic hospitals against 
their quality of care.

The main aim was to develop methods to meas-
ure the outcomes and costs of care of specific dis-
eases in order to evaluate the care given in the whole 
treatment pathway. In addition, methods were de-
veloped also for aggregate hospital level analysis of 
quality and cost using patient level information on 
all patients. These methods can be used for routine 
performance evaluation and monitoring. A detailed 
list of the aims consisted of a) developing methods 
for international comparative health service research 
using register data, b) reflecting on the relationship 
between outcomes and use of resources (e.g. costs) 
and comparing them between European countries, 
regions and providers, c) exploring and revealing the 
reasons behind differences in outcomes and costs, 
d) comparing the quality and cost of acute hospi-
tal care in the Nordic countries, e) giving proposals 
concerning the data content of national level regis-
ters and outcome measurements in order to improve 
the continuous monitoring of performance on 
both national and international levels, f) establish-
ing requirements and standards for European-wide 
benchmarking on outcomes, quality and costs, and 
g) facilitating decision-makers as well as health pro-
fessionals at different levels to learn from best prac-
tices. In the wider perspective, the project also yields 
recommendations for lists of indicators to be rou-
tinely collected and published by the EU (as a part of 
European Community Health Indicators).
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To reach the targets, EuroHOPE has made use of a 
population-based cost-effectiveness approach (Häk-
kinen et al. 2013). A microeconomic disease-based 
strategy has been used that modelled the natural pro-
gress of a disease, with specific interest in the role of 
health services as a determinant in the progress. Col-
lecting data uniformly from various sources requires 
data collection protocols. Clinical groups consisting 
of members from each participating country and 
disease-practice specialty funnelled their expertise so 
as to realise protocols for defining inclusion/exclusion 
criteria, the episode of care (when it starts, follow-up 
etc.), comorbidities (used in risk adjustment), and the 
specification of outcome measures.

Since benchmarking is the underlining feature 
of EuroHOPE, comparability in the results is the 
focal point. In the analyses, case-mix adjustments 
have tackled heterogeneity between units by us-
ing registers together with robust coding (ICD-10, 
ICD-9). Also, carefully and exclusively selecting pa-
tient groups with extensive data on risk-adjustment 
has in itself maximized the comparability. Finally, 
follow-up across a wide time bracket has improved 
the credibility of outcome measurement and has in-
tensified the transparency of the effects of the whole 
treatment chain on the outcome. The analyses were 
made robust by making use of the latest economet-
ric knowledge and solid statistics know-how. The 
usability of the results was improved through stand-
ardisation and by modelling and computing also the 
confidence intervals for the standardized indicators. 
For the risk-adjustment variables, information from 
drug prescriptions and diagnoses were used to infer 
co-morbidities. Naturally, the age and gender of the 
patients were also taken into account.

Protocols

Anonymous 
individual level data 
used for comparative 
research

National 
discharge 
register

National 
mortality 
register

Other 
national 
registers

National 
EuroHOPE  
database

National 
EuroHOPE  
comparison 
data

International 
EuroHOPE 
comparison 
data

Comparison of 
countries, regions 
and hospitals 

EuroHOPE research 

National research 
and bencmarking

FIGURE 1. EuroHOPE data

The hospital-level Nordic study aimed at ex-
panding country and hospital comparisons to in-
clude all care given to patients (i.e. all diagnoses) in 
the hospitals, covering both the costs and the quality 
of care measured by selected quality variables. The 
type of patient classification system varies between 
the EuroHOPE countries, but the four major Nordic 
countries (Norway, Sweden, Finland and Denmark) 
all have nationwide patient registers applicable for 
use in the same hospital-wide case-mix system. 

Data were collected on hospital costs and patient 
data in each diagnosis-related group (DRG) for a 
total of 160 acute hospitals in 2008–2009. Operat-
ing costs were collected using harmonized defini-
tions, and nominal numbers deflated to a common 
basis to adjust for differences in input price levels. 
Patient-register-based measures of quality, such as 
readmissions, mortality (in hospital or outside) and 
patient safety indices, were developed and case-mix 
adjusted.

The purpose of this publication is to summa-
rise the key points and main findings from the Eu-
roHOPE project. All the results presented in this 
publication are based on the data and work of the 
EuroHOPE project. The structure of the remaining 
is the following. In the next chapter, the relation be-
tween country level differences and health care sys-
tem is considered. That is followed by regional level 
analyses. The resource intensivity is compared in the 
section thereafter, which is then followed by analyses 
where quality is reflected against resources. Finally, 
the hospital-level comparison for Nordic hospitals 
using sub-sector level analysis is studied, and obser-
vations that are useful for the future are made.
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Are country-level differences related to  
health care systems?

When one finds differences in the data between 
countries, the first natural question is wheth-

er the observation is due to different features of the 
health care systems. Of the seven countries included 
in the study, five can be considered tax-based sys-
tems, while two countries rely on social health insur-
ance (SHI). Two of the tax-based systems — that of 
Norway and Scotland — mainly rely on central taxa-
tion; those of Finland, Italy and Sweden on the other 
hand rely in various ways on regional and local taxes. 
The two countries with social insurance systems also 
differ, with the Netherlands relying on a system with 
multiple insurers, whereas the Hungarian system is 
a social health insurance system with a sole insurer. 

 The main differences between the two groups 
of systems are the organization of the provider side, 
where the tax-based system has a long tradition of 
integrated public providers, whereas the SHI coun-
tries have independent providers with a length-of-
arm relationship. In the Netherlands the major part 
of the hospital sector is private non-profit and in 
Hungary the regional authorities are responsible for 
the hospital sector during the study period.

 The Finnish system is the most decentralised. Re-
sponsibility for hospital care is given to 21 hospital 
districts, which are federations of municipalities. In 
the Finnish system, hospital care is most concentrat-
ed at regional level, since most hospital districts have 
one central hospital that is responsible for all acute 
care. In this respect the Finnish system differs from 
the decentralised Swedish system, where there exist 
many providers within each county (21) responsible 
for arranging hospital services. In Italy 19 regions 
and two autonomous provinces have responsibility 
over the organization and delivery of health services. 
However, some regions in Italy are greater in popu-
lation size than the individual Nordic countries. In 
Norway and Scotland the central government holds 
the regulatory power to provide investments and 
thus also to maintain the provider structure of the 

hospital sector. In Scotland, hospitals are part of in-
tegrated healthcare systems and Boards have some 
flexibility about how to utilise central funding.

All seven countries applied prospective payment 
systems, some with elements of cost compensation. 
The following countries used activity-based fund-
ing systems: Hungary, Italy, the Netherlands, and 
Norway. The Netherlands used DRG-based funding, 
while the Norwegian and the Italian models com-
bined activity-based funding based on the DRG sys-
tem of global budgets. In Norway, the global budgets 
were risk adjusted. Finland and Scotland used fixed 
payment systems (global budgets). In Sweden, the 
reimbursement system differed between the coun-
ties using global budgets and activity-based funding 
based on DRGs.

In addition to health system characteristics, the 
overall economic situation of the countries may also 
affect performance. In 2008, GDP per capita was 
clearly highest in Norway, followed by the Nether-
lands and Sweden. Finland, Scotland and Italy (the 
regions included in the study) represented average 
countries in this study in terms of GDP, whereas 
Hungary has the lowest GDP per head.

Mortality variation

The most important outcome measures are mortal-
ity at the 30-day, 90-day and one-year follow-up af-
ter the onset of disease. Figures 2–6 describe these 
indicators for AMI, ischaemic stroke, hip fracture 
patients, breast cancer and very low birth weight in-
fants, respectively. 

Mortality rates for AMI, ischaemic stroke, hip 
fracture and VLBW and VLGA infants varied to a 
similar extent, i.e. with a 10 to 15% difference be-
tween the best-performing and worst-performing 
country. Hungary had the highest mortality for 
AMI, hip fracture and VLBW and VLGA infants. 
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dence intervals of AMI patients by country in 2008 (2009 Norway)
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FIGURE 3. Age- and sex-standardised 30-day, 90-day and one-year mortality and their 95% confi-
dence intervals of ischaemic stroke patients by country in 2008
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For ischaemic stroke, in Scotland and Hungary the 
figures were about the same. Italy obtained better 
results, having the lowest mortality rates in all con-
ditions, except for AMI (where mortality was lowest 
in Norway). Mortality was quite low in Sweden in 
all the conditions. The Dutch system was performing 
at about average outcome levels in AMI and ischae-
mic stroke. Finnish AMI care seemed to give poorer 
outcomes compared to the other Nordic countries. 
Breast cancer mortality was lowest in the Nordic 
countries and Italy (Figure 5). VLBW and VLGA 
infants showed a somewhat different pattern, with 
high mortality for Hungary, followed by Finland, 
Italy, the Netherlands and low mortality for Scotland 

FIGURE 4. Age and sex standardized 30-day, 90-day and one-year mortality and their 95% confi-
dence intervals of hip fracture patients by country in 2008 (2009 Norway)
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and Sweden (Figure 6)1. It should be mentioned that 
the Italian data were not representative and covered 
relatively wealthy Italian regions (city of Turin and 
the Lazio region).

1  The ability to link birth registers to hospital discharge regis-
ters and mortality registers was problematic due to the time lag 
and inconsistencies in assigning personal identification numbers 
(ID) to newborn infants in virtually all countries.  In particular, 
in Hungary personal IDs were not available and linkage was sto-
chastic; linkage rates for Scotland, Sweden and Norway were esti-
mated to be approximately 85%, 57%, and 59%, respectively, and 
that infants with poorer outcomes were more likely to be missing 
from the follow-up analysis.  Whereas mortality rates were linked 
with medical birth registries in Sweden and Norway to try to cor-
rect for this bias, in Scotland this was not possible.  Therefore, the 
mortality rates and length of stay measurements in these three 
countries should be interpreted with caution, especially Scotland.
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FIGURE 6.  Risk-adjusted 7-day, 30-day and one-year mortality and their 95% confidence intervals of 
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Length of the first hospital episode 
and use of procedures

The episodes for AMI, ischaemic stroke, and hip 
fracture start with an acute phase in the hospital, 
usually occurring immediately after the event. The 
first hospitalisation terminates on the day of the first 
discharge either to home, death, or is censored after a 
specified time of continuous inpatient care, depend-
ing on the disease. In order to achieve better compa-
rability, we defined a first “acute” care episode, which 
excluded rehabilitative and nursing services given 
during the continuous treatment given in hospitals. 
Figure 7 describes the length of first hospital episode 
in the three conditions by country.

There was no clear pattern of length of stay be-
tween countries and conditions. In Finland and 
Hungary length of stay was quite short in two of the 
three conditions. In Scotland and Sweden, ischaemic 
stroke and hip fracture patients had a considerably 
long acute first hospital episode. Also in Italy the 
length of stay of hip fracture patients was high. 

Variation in the use of procedures was analysed 
for AMI, where percutaneous coronary intervention 
(PCI) within 2 days after infarction was committed 
most often in Sweden followed by the Netherlands 
and Hungary (the country with the highest mortal-
ity). The country ranking changed when both PCI 
and CABG are considered after 30-day follow-up 
(Figure 8). Now the highest figure was in Italy to-
gether with Norway and Sweden. In all countries 
except Scotland, over half of the patients received a 
cardiovascular procedure within 30 days.

In summary, the country differences in outcomes 
and treatment patterns cannot be easily explained 
by health system characteristics. In addition, coun-
try differences in the use of PCI within 2 days were 
not associated with differences in outcomes. On the 
other hand, the variation in outcome may have re-
flected differences in general health status between 
the countries. In the case of Hungary, these may be 
associated with socioeconomic conditions i.e. its rel-
atively low GDP and high income inequity.

%
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15

20

25

AMI

FI IT NLHU NO Scot-
land

SE

ischaemic stroke

FI ITHU NL Scot-
land

SE FI IT NOHU Scot-
land
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hip fracture

NL

FIGURE 7. Age- and sex-standardised length of first acute hospital episode and their 95% con-
fidence intervals of AMI, ischaemic stroke and hip fracture patients by country in 2008 (Norway 
2009)
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How much do regional level characteristics  
explain variation in health care performance?

In addition to exploring the variations in mortality 
at the country level, we examined the variations 

also on a regional level in each country. As shown 
below, there was great variation in all of the analysed 
conditions within every country. The existence of 
regional variations has been discussed for decades, 
but the definite reasons behind them remain un-
known. Using our data, we studied whether selected 
regional-level characteristics were associated with 
the observed differences. The regional character-
istics include factors such GDP per capita, unem-
ployment, education, population density and age 
structure, concentration of hospital care (Herfind-
al-Hirschman index), as well as condition-specific 
measures of supply of services.

The regional analysis was based on patients’ place 
of residence. Each country has defined the parti-
tion of its regions to be suitable for benchmarking. 
In Finland, Italy, Norway, Scotland and Sweden the 
regions describe local authorities who are responsi-
ble for health care, while in social health insurance 
countries  the regions are based on regional gov-
ernmental or sub-national authorities that are not 
responsible (the Netherlands)  or are responsible 
only in part (Hungary) for health care. In the two 
last-mentioned countries, the average population 
size of the regions is much greater than in the Nor-
dic countries and Scotland. From Italy only 6 regions 
were defined. In the analysis of very low birth weight 
(VLBW) and very low gestational (VLGA) infants’ 
data from smaller areas were pooled into larger geo-
graphic entities in Finland, Sweden, Norway and 
Italy.

Regional variations in outcome

Figures 9, 10 and 11 describe the regional differ-
ences in one-year mortality after acute myocardial 
infarction (AMI), ischaemic stroke and hip fracture 
patients, respectively. In all cases, the regional dif-
ferences were larger compared to between-country 
variation, although region by region comparisons 
(within countries) had overlapping confidence in-
tervals in most areas. The degree of variation be-
tween regions was rather similar across countries.

Regarding AMI patients, most of the Italian and 
Swedish and all the Norwegian regions performed 
better than average regions for all countries in one-
year mortality, whereas some Finnish, most of the 
Scottish and all the Hungarian regions performed 
poorer than average. Among ischaemic stroke pa-
tients, four of the Italian regions, about half of the 
Swedish counties and some of the Finnish regions 
performed better than average, taking into account 
the confidence intervals. In hip fracture, well-per-
forming regions were found—in addition to Italy 
and Sweden—from Norway, and in VLBW and 
VLGA also from Scotland.

The analysis of regional-level factors related to 
the regional variation of mortality after AMI was 
focused on the use of percutaneous coronary inter-
vention (PCI) and its effect on outcome. We found 
that the reimbursement system had an impact on 
procedure intensity: the two-day PCI rate was about 
17 per cent higher in countries and areas with an ac-
tivity-based reimbursement system. GDP per capita 
was negatively associated with 30-day mortality. Also 
here the use of PCI had a negative but not statisti-
cally significant effect at the regional level. 
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FIGURE 9.  Age- and sex-adjusted one-year mortality by regions, AMI in 2008 (2009 in Norway).

FIGURE 10.   Age- and sex-adjusted one-year mortality by regions, ischaemic stroke in 2008.
 

FIGURE 11.  Age- and sex-adjusted one-year mortality by regions, hip fracture in 2008 (Norway 
2009).
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However, at the individual level, higher PCI use 
was associated with lower mortality, while a smaller 
effect of PCI on mortality was found in a country 
with the lowest mortality. Hungary showed the high-
est mortality in combination with high PCI rate. 
The results of more detailed analyses of data from 
Finland and Norway suggested that the effects of so-
cioeconomic factors on mortality through the use of 
PCI were small. 

Regarding ischaemic stroke and hip fracture pa-
tients, the regional differences in length of stay and 
mortality were not related to any of the analysed re-
gional level factors. Only GDP per capita was posi-
tively associated with lower mortality among ischae-
mic stroke patients. 

Regarding VLBW and VLGA infants, socio-eco-
nomic variables at regional level appeared to have 
an impact on mortality in Hungary but not in the 
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FIGURE 12. Risk-adjusted one-year mortality by regions, VLBW and VLGA infants  in 2006–2008 
(Netherlands 2005–2007, Norway 2008–2009)

whole sample. Also the concentration of care and 
the capabilities in neonatal care (NICU level), the 
level of the delivery hospital did not appear to have 
an impact on mortality and length of stay when 
data for four countries were combined. However, in 
Hungary and Finland these organizational variables 
had significant coefficients showing that being born 
or treated in a tertiary-level hospital was associated 
with lower mortality. On the other hand, length of 
stay also tended to be higher among infants born in 
these hospitals in Scotland, Italy and Hungary.  

Summarizing, the results of a number of regres-
sion analyses showed that various demand and sup-
ply side variables could not explain much of the re-
gional variation in mortality, length of stay (LOS) or 

utilisation of procedures. The combination of large 
differences in health outcomes and use of resources 
(LOS), and a lack of demand-side variables to ex-
plain the variation indicate room for improvement 
in health care performance. In addition, we may not 
have captured all of the important differences in the 
comprehensiveness of care provided in different re-
gions. This also could be the result of variation in the 
adoption of effective technologies, in the quality of 
doctors and other health care providers, or in physi-
cian beliefs about treatment effectiveness. Another 
explanation is that differences in institutional fac-
tors do not explain performance as much as theory 
would suggest, which would be in accordance with 
the results of the OECD study (Joumard et al. 2010).
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Comparing use of resources between countries

For policy-makers who aim at improving health 
care, it is crucial to derive an understanding of the 

reasons behind variations in health care costs, both 
within and across countries. Variations in health 
care cost due to differences in access and treatment 
intensity would require a different response than 
that for differences in productivity in the produc-
tion of single services. An improved understanding 
of the background for variation in health care costs 
requires micro-data at the level of the individual pa-
tient.

To conduct across-country comparisons of treat-
ment cost, four major challenges must be handled: 
firstly defining treatment episodes in a comparable 
way across countries, secondly the development of 
methods for calculating resource use; thirdly model-
ling the distribution of the estimated risk-adjusted 
cost function; and, finally, finding a method for the 
ranking of outcome and cost in order to determine 
differences between countries (regions). 

Indicators of resource use

Cost figures are only rarely provided at the individ-
ual patient level (bottom-up approach). Hence, one 
often has to rely on figures derived from a top-down 
approach, perhaps supplemented with information 
from hospitals that make use of bottom-up cost-per-
patient (CPP) figures. Alternative methods for cost-
calculations may result in variations in the cost fig-
ures and may potentially have a considerable impact 
on cost estimations and comparisons. 

In EuroHOPE a register-based approach to iden-
tify items of resource use has been utilised. We use 
two specific approaches in EuroHOPE that are in-
tended to supplement each other. 

Approach I: All countries have in their discharge 
registers and pharmaceutical prescription databases 
registrations that indicate the main components of 

resource use (services). The registered components 
are mainly related to procedures and hospital length 
of stay. The relative cost of the different components 
of resource use is approximated by data from the 
cost-per-patient (CPP) database by the Swedish As-
sociation of Local Authorities and Regions (SALAR). 
Cost in Swedish Kronor (SEK) is then converted to 
Euros by means of the input–based Purchasing Pow-
er Parity index (developed by Eurostat) for hospital 
services. 

Approach II prescribes that each country con-
tributes with their best cost estimate based on their 
own system of cost calculations. In the majority of 
countries, cost estimates generated by variants of the 
DRG system are used and costs of medicines based 
on data from the prescription register are added. 

The different approaches have different charac-
teristics with regard to the type of across-country 
variation that is considered. In approach I, only 
variation in the procedures and length of stay create 
variation in resource use across countries. Approach 
II also takes also the variation in cost of producing 
a particular service into account. The problem with 
Approach II is that the system of cost assignment is 
likely to vary across countries.

Empirical specification of the cost 
function

Given adequate measures of resource use, there 
still exist challenges to estimating health care costs 
while taking patient heterogeneity into account. In 
EuroHOPE we are mainly interested in mean costs 
accrued in hospitals and their differences between 
countries. To meet this purpose, we selected a model 
based on various goodness-of-fit measures. Based on 
the preferred model, we studied differences in costs 
between regions and countries. 
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Ranking of countries according to 
costs

Data describing the use of resources are more com-
plete for AMI than for the other diseases. So far, 
ranking of mean treatment cost across countries is 
done only for AMI. Results are shown in Table 1.

Considering treatment cost according to Ap-
proach I, during first hospital episode, we found 
that Hungary had the highest mean cost followed 
by Finland, Sweden and Norway. We also found that 
the ranking of countries depends on the cost indi-
cator used. According to Approach II, during the 
first hospital episode Sweden had the highest mean 
treatment cost followed by Finland, Hungary and 
Norway. The ranking also depended on the length of 
the observation period (first hospital episode or 365 
days after the index day). According to Approach I 
and one-year cost, Sweden had the highest mean cost 
followed by Norway, Finland and Hungary. A rela-
tively higher one-year cost than the first hospital epi-
sode cost could stem from more hospital care during 
the follow-up of AMI patients in specialist care com-
pared with other countries and a higher frequency of 
other treatments. 

 Summarising, the analyses provided several con-
clusions with important relevance for health policy. 
First, the hospital discharge registers did not contain 
sufficient information on treatment procedure to 
calculate cost estimators for all diseases. AMI and 
hip fracture had the best procedure information. 
Second, risk adjusters were able to explain only a 
small proportion (5–10%) of the variation in the 
calculated cost across patients. Third, the ranking 
of countries depended on the cost indicator used. 
Fourth, the ranking of countries depended on the 
length of the time-period taken into account. And 
finally, the ranking of countries did not depend on 
the risk-adjusters included or the specification of the 
cost function. This means that the ranking of coun-
tries according to crude cost gives the same result as 
ranking of countries according to the estimated ex-
pected cost adjusted for variation in comorbid con-
ditions.

A policy implication is that ranking of countries 
could be done by comparing mean cost as calculated 
in each individual country. Even though the Neth-
erlands and Scotland are not included in the pre-
sent study because of data sharing restrictions, they 
would still be able to calculate their crude mean cost 
according to regions.

First hospital episode One-year cost

FIN HUN NOR FIN HUN NOR

Approach I

FIN

HUN HUN>FIN HUN>FIN

NOR FIN>NOR HUN>NOR NOR>FIN HUN>NOR

SWE FIN> SWE HUN>SWE SWE>NOR SWE>FIN HUN>SWE SWE>NOR

Approach II

FIN

HUN FIN>HUN FIN>HUN

NOR FIN>NOR HUN>NOR NOR>FIN NOR>HUN

SWE SWE>FIN SWE>HUN SWE>NOR SWE>FIN SWE>HUN SWE>NOR

TABLE 1.  Differences in the predicted cost of treating acute myocardial infarction across countries. 
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Quality, use of resources and their 
interrelationship in hospitals

The analysis of hospital-level differences was fo-
cused on AMI, ischaemic stroke and hip frac-

ture patients from five European countries (Finland, 
Hungary, Italy, Norway and Sweden). The compari-
son of quality and cost was based on hospital-level 
random effects models using individual patient-level 
data, which allowed us to take into account patient- 
and hospital-level heterogeneity. We also explored 
whether hospitals’ quality and cost variation could 
be explained by hospital- and health-system-level 
characteristics. After examining outcomes and costs 
for hospitals separately, we analysed the existence of 
a cost–quality trade-off by comparing hospital-level 
survival rates and costs.

Survival

Figures 13–15 show the empirical Bayes estimates 
of hospital random effects for quality, as obtained 
from the basic model, where age, comorbidities and 
transfers to a higher-level hospital were taken into 
account. Quality of care was measured by 30-day 
survival (i.e. a complement of 30-day mortality). 
Hospitals to the left of the graph have lower than 
average survival than hospitals to the right. Bayes-
ian 95% confidence intervals were formed from the 
posterior distribution of each provider effect. The 
provider effects do not as such have exact practical 
interpretation. However, by calculating indirectly 
the standardised ratio and multiplying the ratio by 
the mean survival in the sample, we estimated that 
survival difference between the worst and best hos-
pital was 30 percentage points (min 67.5, max 97.5) 
in the care of AMI. The corresponding figures for 
ischaemic stroke were 27.5 percentage points (min 
69.2, max 96.7) and for hip fracture 16.4 percentage 
points (min 80.8, max 97.2).

In the treatment of AMI, the Hungarian and 
Finnish hospitals were performing poorly compared 

to hospitals in other countries (Figure 16). In Hun-
gary, the hospital-level variation was higher than in 
the other countries. Most of the Hungarian hospi-
tals were performing below the average level (ran-
dom coefficient below 0) of all hospitals but the best 
performing hospitals in the country are at the same 
level as the best performing Finnish hospitals, which 
in turn are at about the same level as in poorly per-
forming Swedish, Norwegian and Italian hospitals. 
The performance of most Finnish hospitals did not 
differ statistically significantly from the average lev-
el, while among some of the Italian, Norwegian and 
about half of the Swedish hospitals, performance 
was better than average when confidence intervals 
are taken into  account. 

The hospital- and regional-level variables ex-
plained only a small part of the country differences. 
Survival was positively related to the existence of a 
catheterisation laboratory in all countries except 
Italy. In Hungary and Norway, a lower concentration 
of AMI care was associated with better survival. In 
addition, GDP per capita was positively associated 
with survival in Hungary and Finland.

Country differences in survival were clear also 
in care after ischaemic stroke (Figure 14) while the 
within-country hospital differences were consider-
able. The variation between the hospitals was again 
highest in Hungary but now lowest in Finland. The 
best performing Hungarian hospitals were at the 
same level as the best hospitals in Finland and Swe-
den. In Hungary survival was higher in university 
hospitals and in Italy in hospitals with a stroke unit.

 Compared to the two conditions, hospital-level 
variations in hip fracture were lower and confidence 
intervals wider (Figure 15). The performance of all 
Hungarian hospitals was poorer than average where-
as most Swedish hospitals were performing better 
than average. The hospital level differences were not 
related to hospital or regional variables.
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FIGURE 13. Hospitals’ quality in care of AMI.
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FIGURE 14. Hospitals’ quality in care of ischaemic stroke.
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FIGURE 15. Hospitals’ quality in care of hip fractures.
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Use of resources

Our cost measure describes the use of resources 
(Approach I above) during the first acute hospi-
tal episode. In all three conditions it was based on 
the number of inpatient days and for AMI patients 
also on the use of cardiovascular procedures (PCI, 
CABG) and for hip fracture patients on the type of 
surgery. Figures 16–18 show hospitals’ cost perfor-
mance indicators and their 95% confidence inter-
vals. The indicators describe how many percentage 
points the hospital’s cost differs from the average 
cost for all hospitals.
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FIGURE 16. Hospitals’ cost performance in the care of AMI patients
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FIGURE 17. Hospitals’ cost performance in the care of ischaemic stroke patients.

In the care of AMI, cost variation within coun-
tries was much higher than between countries (Fig-
ure 16). The costs were highest in Italy and Hungary. 
Costs were higher in all countries for a hospital with 
a catheterisation laboratory. The concentration of 
AMI care within regions decreased the cost in all 
countries except in Italy, where its effect was the op-
posite. Norway was the only country in which popu-
lation density reduced the costs.

Moreover, in the care of ischaemic stroke, the 
cost variation within countries was higher than be-
tween countries, though now Finnish hospitals were 
operating clearly at a lower level of resource utilisa-
tion (Figure 17). The university/teaching status of a 
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FIGURE 18. Hospitals’ cost performance in the care of hip fracture patients

hospital increased costs in Sweden. In Hungary and 
Finland, an increased concentration of stroke care 
had a strong negative effect on cost.

Country differences in costs were more system-
atic in the care of hip fracture than in the two other 
conditions (Figure 18). The costs were lowest in 
Finland and Norway. University/teaching status in-
creased the cost in Sweden and higher volume de-
creased the costs in Italy. Concentration of care for 
hip fracture patients decreased costs in Finland.

 
Cost–quality trade off

An important policy question is whether the costs 
of a hospital are related to quality. If there is a choice 
between minimising cost and maximising quality, 
there is a cost–quality trade-off, i.e. better quality 
may be provided by increasing costs. On the other 
hand, the absence of the relationship would indicate 
a potential for improving performance by contain-
ing cost with no reduction in quality or improving 
quality without increasing costs. 

In the care of AMI we found positive correla-
tions between cost and quality in the analysis using 
both pooled and separate country data. The effect 
was strongest and most systematic in Hungary and 
Finland. In the care of ischaemic stroke and hip frac-
ture we did not find clear evidence of a cost–quality 
trade-off. 

In summary, our results show significant differ-
ences between hospitals and countries in both sur-
vival and cost. Again the findings cannot be easily 
explained by the characteristics of the health care 
system. However, we found some evidence support-
ing an increasing horizontal integration in care for 
the three conditions. An increase in the concentra-
tion of the regional hospital system was associated 
with a decrease in costs. The effect was found in all 
countries except Italy. But the effect varied between 
countries and conditions. In Finland (a country 
with the highest average concentration) the effect 
was found for all three conditions, in Hungary in 
the care of AMI and ischaemic stroke, and in Sweden 
and Norway it was found only in AMI care. How-
ever, in Norway an increase in the concentration was 
associated with a decrease in survival of AMI, indi-
cating that cost savings achieved by increasing con-
centration could be related to a possible decrease in 
outcomes. 

Our results concerning the cost–quality trade-off 
corroborate those of recent studies that have sug-
gested that the cost–quality association is inconsist-
ent and is present for certain treatments or for some 
patient groups, though not in all countries. This 
implies potential exist for improving hospital per-
formance by containing cost or improving quality 
without increasing costs.
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Productivity and quality in the Nordic hospitals

In EuroHOPE project the disease-based analysis 
of performance was supplemented with a hospi-

tal-level analysis focused on four Nordic countries. 
Previous Nordic comparisons have indicated that 
Finnish hospitals have had significantly higher aver-
age productivity than hospitals in Sweden, Denmark 
and Norway, while also revealing substantial vari-
ation within each country. Controlling for within-
country variations in activity-based reimbursement, 
length of stay (LOS), outpatient shares, university 
hospital status or capital region only contributes to 
a small portion of these differences. The aim of this 
analysis was to examine whether quality differences 
can form part of the explanation for productivity 
differences and attempts to uncover any cost-quality 
trade-off at the hospital level.

Quality of hospital care

We developed patient-register-based measures of 
quality such, as case-mix-adjusted readmissions, 
mortality (in hospital or outside) and patient safety 
indices. Figures 19 and 20 plot two of the perfor-
mance measures and their 99% confidence intervals 
for the individual hospitals sorted by countries. For 
the emergency readmissions the confidence intervals 
were very narrow, which means that there were sig-
nificant differences between most pairs of hospitals. 

There was mostly a clear ranking of hospitals within 
countries, since each hospital performance measure 
was mainly outside the range of other hospitals’ con-
fidence intervals. Denmark had the lowest rates, but 
there was some overlap with the Finnish and Nor-
wegian hospitals. It was not possible to calculate this 
indicator for the Swedish hospitals.

For 30-day mortality as shown in Figure 20 the 
confidence intervals were wider, but most pairs of 
hospitals were still significantly different from the 
mean and from each other. Most Norwegian hos-
pitals had significantly lower 30-day mortality than 
hospitals in the other countries.

Productivity

Figure 21 shows DEA productivity estimates of the 
hospitals sorted by country, with the width of the 
bars proportionate to hospital size. Bootstrapped 
95% confidence intervals are also shown. The fig-
ure confirms previous results showing that Finnish 
hospitals were on average more productive than in 
the other Nordic countries, though Denmark was 
almost as productive. Even Norway had not much 
of a cost disadvantage in this analysis, a clear catch-
ing up from previous studies.  Sweden, however, still 
lags behind, which was verified also using statistical 
criteria.
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FIGURE 19. Hospital case-mix-adjusted performance measures for emergency readmissions within 
30 days. Hospitals sorted by country, with 99% confidence intervals. Lower numbers indicate better 
quality. The mean of 1.0 corresponds to a rate of 5.62%.
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FIGURE 20. Hospital case-mix-adjusted performance measures for mortality within 30 days of last 
hospital admission. Hospitals sorted by country, with 99% confidence intervals. Lower numbers 
indicate better quality. The mean of 1.0 corresponds to a rate of 0.43%.
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FIGURE 21. Salter diagram of bootstrapped DEA hospital productivity estimates sorted by country 
with 95% confidence intervals. The width of each column is proportional to hospital size, as meas-
ured by real costs.
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Quality–productivity trade-off

When productivity estimates were plotted against 
the two of the performance measures in Figures 22 
and 23, one finds no strong correlations. In both 
panels the optimal frontier would be at the lower 
right with highest productivity and lowest perfor-
mance measure. In Figure 22 there seemed to be a 
positive correlation (r=0.674) between productivity 
and emergency readmissions, implying a trade-off 
between high quality and high productivity. There 
was a slight tendency for low readmission rates to go 
together with high productivity in Finland, but the 
main impression is of a large dispersion. For 30-day 
mortality there was a clear negative correlation be-
tween productivity and performance measures.

In sum, the results show that there were signifi-
cant differences between countries on most meas-
ured quality indicators. There were also significant 
differences between hospitals within countries, 

but only the readmission and mortality measures 
showed enough differences to rank the majority of 
hospitals. While previous findings on the relative 
productivity of the hospitals in the Nordic countries 
were confirmed, there was no clear pattern that any 
country had higher or lower quality on all meas-
ures. This may be because the treatment patterns 
and practices vary a lot between countries, even for 
countries that are as similar as Denmark, Finland, 
Norway and Sweden. 

The evidence for a trade-off or a positive asso-
ciation between quality and productivity varies be-
tween the different performance measures. There 
seemed to be a trade-off between productivity and 
better (lower) inpatient readmission rates, but high 
productivity was associated with lower mortality 
rates. This effect was most important in Finland. For 
mortality at least, there seemed to be a possibility of 
improving both quality and productivity.
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FIGURE 22. Hospital productivity estimates (horizontal axis) plotted against hospital performance 
measures for emergency readmissions within 30 days (vertical axis). Better joint performance is a 
low performance measure and high productivity (lower right).

FIGURE 23. Hospital productivity estimates (horizontal axis) plotted against hospital performance 
measures for mortality within 30 days of last hospital admission (vertical axis). Better joint perfor-
mance is a low performance measure and high productivity (lower right).
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The way forward

Previous studies comparing regions or countries 
in the fields of medicine covered by EuroHOPE 

were often restricted to selected hospitals or diseases, 
or to ‘metadata’, or to only one of the aspects of out-
comes or health care pathways. A noteworthy excep-
tion is the recent study by Chung et al. (2013) on 
AMI that used nationwide registries with detailed 
patient-level information on all hospital admissions. 
Unfortunately, such registries currently exist only in 
the UK and Sweden and only for AMI. In addition, 
linkage with other registers, such as those on medi-
cation use and preferably costs, is needed in order 
to comprehensively assess the cost-effectiveness of 
health care systems.

The EuroHOPE case studies are unique in having 
collected nationwide data at the level of the patient, 
for several diagnoses, and with well-defined criteria 
for selecting patients at first hospital admission and 
following them up until one year after the index ad-
mission. Linkage of records made it possible to clearly 
delineate episodes of care and assess vital status. This 
creates comprehensive information on regional and 
provider variations and health care performance.

The EuroHOPE project is based on data gathered 
from seven countries. The aim of the project is to de-
velop methods for performance assessment that can 
be used for routine evaluation. Documentation with 
the publicly available study protocols, programming 
and reporting material make entry into the Euro-
HOPE group potentially easy. Other countries must 
first develop their information systems, while laws 
that might hinder available data linkages may need 
to be addressed. For example, an electronic patient 
record system (including all health care activities) is 
under development in many countries and will give 
new, path-breaking possibilities for the development 
of the disease-based approach. This requires data 
using standardised and internationally comparable 
definitions of activities and classifications describ-
ing the treatments (i.e. diagnosis, procedures) to be 
nationally available for research, thus enabling an 
evaluation of performance across countries, regions 
and producers.

Future studies that build upon this approach 
could focus on acquiring additional information 
that was lacking in the current study. In particular, 
disease-specific patient characteristics (especially on 
severity of the condition) and quality of care indica-
tors would prove beneficial in giving better insight 
into the causes of regional variation and into the 
performance of regions. Additionally, it seems im-
portant to improve the registration of diagnostic 
and treatment procedures that determine treatment 
outcome and cost. Furthermore, it would be useful 
to have a better understanding of differences in cod-
ing practices across countries.

 In addition, it seems that outcomes and relation-
ships between outcomes and explanatory factors 
may vary across levels of analysis (national, regional, 
hospital, and individual). For a better understand-
ing of regional variations, it is worth analysing such 
‘inconsistencies’ across levels in more detail. Also, re-
search could be extended to other diseases or regions 
to validate the findings.

 Finally, although administrative data may pro-
vide a large and possibly relatively cheap informa-
tion source, substantial effort was required in the 
EuroHOPE project to create comparable datasets 
that cover the health care pathway of individual pa-
tients as well as health outcomes. Moreover, privacy 
issues prevented the sharing and pooling of national 
datasets into a single EuroHOPE database, limiting 
the possibilities of e.g. risk-adjustment or multilevel 
modelling. In addition, the performance at hospital 
level could not be studied in all countries, since it 
was not permissible to share outcomes at hospital 
level. Such experiences should be taken into account 
in future studies, especially given that possibilities 
for linking and sharing data appear to vary widely 
between countries (OECD, 2013). Nevertheless, as 
this type of research may provide the necessary step 
forward in the monitoring and evaluation of health 
care systems and policies, these data infrastructure 
issues require close attention.
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