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Introduction

A major theme in health services research is to develop per-
formance indicators and promote the use of benchmarking 
information for health policy. In developed countries, there 
are national benchmarking projects ongoing, but cross- 
country comparisons on national level are very few. 
Especially, there is not much information of health system 
performance between countries based on patient-level data. 
A central goal of European Health Care Outcomes, 
Performance and Efficiency (EuroHOPE) project is to 
develop performance indicators and to evaluate the perfor-
mance of European health-care systems in terms of out-
comes, quality, use of resources, and costs.1 Multinational 
patient-level studies of health system performance are 

hampered most by data availability and the lack of unique 
patient identifiers.2 In the EuroHOPE partner countries,  
linkable patient-level administrative data for use of in- and 
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outpatient hospital services and prescribed medicines, as 
well as data on mortality, are available for researchers.

One of the challenges when comparing health-care per-
formance measures between countries is to adjust for differ-
ences in the patient mix. This is further complicated by the 
fact that detailed information on the patients may not be 
available, or variables being very differently defined across 
countries. EuroHOPE aims to solve this problem by using 
individual-level register data available for everyone with a 
specified health problem, which contains detailed informa-
tion on variables with effect on the health performance 
measures such as disease-specific comorbidities, number of 
days in hospital, and medication use prior to the occurrence 
of the health problem studied.

This study gives a description of the data and methods 
used to compare health-care performance measures within 
EuroHOPE. We briefly describe the contents of the data. 
Then, we discuss the methodological aspects of risk adjust-
ment with regard to how stable the risk-adjusted estimates 
are depending on what data are used as the reference when 
calculating them. In multinational studies, it is likely that 
the effects of risk adjusters differ between countries, but it 
may be difficult to evaluate the importance of the differ-
ence that a single coefficient has on the risk-adjusted value 
just by looking at, for example, interactions between coun-
tries and single-risk adjusters as there are many variables in 
the models. Changes in other coefficients might offset the 
effect a single coefficient would have on the risk-adjusted 
value. Also, in EuroHOPE, some countries (the Netherlands 
and Scotland) have data sharing restrictions and the whole 
individual-level data cannot be pooled. We think this would 
be a problem in other studies using detailed individual-
level registry data as well, as several countries are not eager 
to share their data abroad. This problem limits the choice of 
methods that can be used for analyzing the data. Most 
methods require all data to be pooled. Hence, the main aim 
of this article is to study whether one can get stable results 
from simple methods of risk adjustment even when the data 
are complex.

In this study, we used only acute myocardial infarction 
(AMI) patient data to illustrate the methodology. More com-
prehensive output will be presented in separate articles 
focusing on each condition included in EuroHOPE.

Methods

Data

A total of seven countries participated in the EuroHOPE pro-
ject: Finland, Hungary, Italy (the city of Turin), the 
Netherlands, Norway, Scotland, and Sweden. In this article, 
we analyze data from all countries except Scotland and the 
Netherlands (see section “Statistical Methods” below). 
EuroHOPE applied an episode-based approach to analyzing 
the performance of countries and regions in the treatment of 

certain health problems similarly as done earlier in Finland 
on national level.3 The patient populations studied in the pro-
ject are very low-birth-weight infants and individuals suffer-
ing from AMI, cerebral infarction, hip fracture, and breast 
cancer.

Each country prepared a data file for each disease, follow-
ing a disease-specific protocol of inclusion and exclusion 
criteria.1 Data were collected from various health registers 
containing the relevant information with the widest possible 
coverage on the use of health services of these patients. This 
included cause-of-death registers; hospital inpatient registers 
containing length of stay (LOS), comorbidity, and treatment 
information; and prescription registers containing informa-
tion on medication use. Data from different registers were 
merged using unique patient identifiers of patients in each 
country. For AMI, cases were identified for the year 2007 in 
all countries, except Norway which used 2009 due to the 
unavailability of deterministically linkable hospital dis-
charge, prescribed medication, and cause-of-death data 
before that year. For a more detailed description of the data 
and methods used in the EuroHOPE project, please see 
Häkkinen et al.1

Each patient had a follow-up of 1 year beginning on the 
date when the episode started (index admission), excluding 
patients with AMI admissions in the 365 days before the 
index admission. In addition, the patients’ hospital discharge 
data and data on purchases of prescribed medicine were col-
lected 1 year back as these were used in defining some of the 
risk adjustment variables.

Variables used in the risk adjustment include age at index 
admission, gender, disease-specific comorbidities, and the 
number of hospital days (for any cause) the year prior to the 
index admission. The comorbid diseases were specified for 
each disease group by clinical experts in the field. The 
comorbid diseases used in the study of AMI are presented in 
more detail in Häkkinen et al.,1 including the International 
Classification of Diseases (ICD; both ICD-10 and ICD-9) 
codes and the Anatomical Therapeutic Chemical (ATC) clas-
sification system codes used for identifying the selected 
comorbid diseases from the hospital discharge registers and 
the data on medicine purchases, respectively.

The performance measures were specifically tailored for 
each disease in EuroHOPE. Main measures used in AMI 
were all-cause mortality after 30 days, 90 days, and 1 year; 
LOS for the first hospital episode; all-cause LOS during the 
first year after the diagnosis; and disease-specific LOS dur-
ing the first year after the diagnosis. The first hospital epi-
sode is defined as continuous hospital inpatient care 
(overnight stay at home between the hospital stays is 
allowed), truncated at 365 days if the LOS was longer. For 
the disease-specific LOS, only days spent in hospital with 
the particular disease as the main diagnosis are considered. A 
list of the performance measures and risk adjustment varia-
bles used in the study of AMI, with some descriptives, is 
given in Tables 1 and 2.
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Statistical methods
Descriptive statistics of the outcomes and risk adjusters are 
compared, using measures such as proportions, means, and 
medians.

The first step of the risk adjustment was to construct a 
merged database from the countries which were allowed by 
their national data protection authorities to share data across 
borders. The countries included Finland, Norway, Sweden, 
Italy, and Hungary, and pooled data of these are called the 
reference database. As seen from Table 1, the reference data-
base for AMI includes 59,135 patients in total.

For each response, three different risk-adjusted outputs 
were produced: adjusted for sex and age only (M1); adjusted 
for sex, age, LOS previous year, disease-specific comorbidi-
ties based on primary and secondary diagnoses the year prior 
to diagnosis (M2); and M3 identical to M2 except comorbidi-
ties were based on both primary and secondary diagnoses and 
medication purchases the year prior to diagnosis. The reason 
for using both models M2 and M3 is to compare the effect of 
a narrow and broad definition of comorbidities. Only comor-
bidities with prevalence of >1% in all countries based on the 
definition given for M3 were included as risk adjusters. As 
seen from Table 2, in the case of AMI, this excludes athero-
sclerosis, dementia, renal insufficiency, and alcoholism.

Based on the experiences in the PERFormance, 
Effectiveness and Cost of Treatment episodes (PERFECT) 
project,3 the observed/expected approach4 was used, which 
roughly corresponds to indirect standardization. Logistic 

regression was used for the mortality outcomes, whereas 
negative binomial regression was used for the LOS 
measures.

The regression coefficients used to produce the risk-
adjusted estimates in each country were based on the refer-
ence database. In order to avoid that the relatively large 
samples from Sweden and Hungary gave a much greater con-
tribution to the estimates compared with the smaller sample 
from Italy (representative only for the city of Turin), weighted 
regression was used to ensure equal weight to all five coun-
tries as the effect of the risk adjusters might differ between 
countries. By comparing both the risk-adjusted estimates and 
the descriptive statistics on background variables and comor-
bidities in each country, one may get an indication as to why 
some countries perform better than others. It is also possible 
to present comparisons of regions between the countries, and 
an example of such output is given for AMI in Norway.

A sensitivity analysis is presented to study the extent risk-
adjusted mortality rates differ depending on whether the two 
countries with the highest unadjusted mortality (Hungary 
and Finland) or the three countries with the lowest mortality 
(Norway, Sweden, and Italy) are used as the reference data-
base. This allows us to study whether results depend on the 
choice of reference data and, more importantly, whether 
interaction effects between country and risk adjusters seem 
to matter in practice. Normally, one would pool data from all 
countries to use as the reference, but as this is not possible, it 
is interesting to study the impact different choices of 

Table 1.  Descriptive statistics on background variables, length of stay, and 90-day mortality for AMI.

Variable Data

  Finland Hungary Italy Norway Sweden Pooled

  N (Avg.) % (SD) N (Avg.) % (SD) N (Avg.) % (SD) N (Avg.) % (SD) N (Avg.) % (SD) N (Avg.) % (SD)

N 9102 100.0% 14,235 100.0% 1563 100.0% 10,612 100.0% 23,768 100.0% 59,135 100.0%
Male 5404 59.4% 7907 55.5% 1002 64.1% 6562 61.8% 14,251 60.0% 35,126 59.4%
Age (years) 72.6 12.7 66.9 13.1 70.2 13.2 71.8 14.1 73.4 12.8 71.4 13.4
LOS previous year 5.1 10.9 4.8 10.5 1.0 5.0 5.6 13.0 4.6 12.7 4.8 11.8
Age, classified (years)
  18–49 449 4.9% 1429 10.0% 122 7.8% 772 7.3% 1011 4.3% 3783 6.4%
  50–54 473 5.2% 1378 9.7% 85 5.4% 649 6.1% 1002 4.2% 3587 6.1%
  55–59 716 7.9% 1437 10.1% 157 10.0% 856 8.1% 1696 7.1% 4862 8.2%
  60–64 808 8.9% 1601 11.2% 154 9.9% 1134 10.7% 2442 10.3% 6139 10.4%
  65–69 883 9.7% 1729 12.1% 171 10.9% 1033 9.7% 2386 10.0% 6202 10.5%
  70–74 1161 12.8% 1853 13.0% 208 13.3% 1066 10.0% 2729 11.5% 7017 11.9%
  75–79 1429 15.7% 1985 13.9% 234 15.0% 1271 12.0% 3279 13.8% 8198 13.9%
  80–84 1526 16.8% 1618 11.4% 218 13.9% 1456 13.7% 3936 16.6% 8755 14.8%
  85–89 1098 12.1% 794 5.6% 136 8.7% 1476 13.9% 3416 14.4% 6920 11.7%
  90 or older 559 6.1% 266 1.9% 78 5.0% 899 8.5% 1871 7.9% 3672 6.2%
Measures to be risk-adjusted
  90-day mortality 1753 19.3% 3048 21.4% 193 12.3% 1230 11.6% 3541 14.9% 9765 16.5%
 � LOS of first 

hospital episode
12.1 14.0 11.9 9.8 11.3 9.5 7.9 5.6 8.5 7.0 9.8 9.2

SD: standard deviation; AMI: acute myocardial infarction; LOS: length of stay.
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reference data have on the risk-adjusted measures. In order 
to illustrate this, we need access to all data used in the analy-
sis, and Scotland and the Netherlands are hence omitted. The 
reference data in EuroHOPE will therefore only consist of 
those countries’ data that can be pooled. In case it is impos-
sible to construct a merged database from all participating 
countries, the approach proposed here is a practical option to 
study the problem. The data were analyzed using Stata.5

Results

Examples of risk-adjusted results for AMI

The pooled coefficients from a logistic regression analysis 
with AMI 90-day mortality as the response and using the 

reference database are given in Table 3, left column. The age 
group 90+ is used as the reference category for age; for all 
other variables, the coefficients give the effect of scoring on 
each variable. Area under the curve (AUC) values are above 
0.7 for all models M1–M3, with M3 showing the best perfor-
mance. Most risk adjusters are significant in all models and 
for all three choices of reference data, but the coefficients 
can be quite different, as expected.

As seen from Table 1, the unadjusted 90-day mortality 
proportion varies from 10% in Norway to 21% in 
Hungary. Figure 1(a) shows the effect of risk adjustment 
on these proportions, using the pooled regression coeffi-
cients from the reference database. The risk adjustment 
changes the mortality proportions to a limited degree 
compared with the unadjusted ones, with the exception of 

Table 2.  Descriptive statistics on comorbidities used in risk adjustment of performance measures for AMI.

Variable Data

  Finland Hungary Italy Norway Sweden Pooled

  N % N % N % N % N % N %

Comorbidities based on diagnoses and medication during 365 days prior to AMI
Hypertension 6467 71.1% 12,424 87.3% 1346 86.1% 6676 62.9% 16,293 68.6% 42, 218 71.4%
Coronary artery disease 1146 12.6% 1971 13.8% 119 7.6% 1479 13.9% 2711 11.4% 7426 12.6%
Atrial fibrillation 448 4.9% 498 3.5% 27 1.7% 701 6.6% 1377 5.8% 3051 5.2%
Cardiac insufficiency 538 5.9% 894 6.3% 34 2.2% 643 6.1% 1623 6.8% 3732 6.3%
Diabetes mellitus 2018 22.2% 3618 25.4% 347 22.2% 1636 15.4% 4530 19.1% 11935 20.2%
Atherosclerosisa 189 2.1% 1091 7.7% 12 0.8% 193 1.8% 240 1.0% 1725 2.9%
Cancer 255 2.8% 344 2.4% 29 1.9% 235 2.2% 730 3.1% 1588 2.7%
COPD and asthma 1379 15.2% 2507 17.6% 23 1.5% 1762 16.6% 3269 13.8% 8940 15.1%
Dementiaa 453 5.0% 185 1.3% 9 0.6% 421 4.0% 579 2.4% 1643 2.8%
Depression 1073 11.8% 1053 7.4% 166 10.6% 1330 12.5% 3709 15.6% 7223 12.2%
Parkinson’s disease 159 1.7% 290 2.0% 20 1.3% 122 1.1% 484 2.0% 1069 1.8%
Mental disorders 319 3.5% 480 3.4% 26 1.7% 346 3.3% 646 2.7% 1804 3.1%
Renal insufficiencya 60 0.7% 345 2.4% 22 1.4% 324 3.1% 413 1.7% 1164 2.0%
Alcoholisma 66 0.7% 89 0.6% 1 0.1% 80 0.8% 183 0.8% 419 0.7%
Stroke 232 2.5% 565 4.0% 26 1.7% 375 3.5% 643 2.7% 1841 3.1%

Comorbidities based on diagnoses during 365 days prior to AMI
Hypertension 570 6.3% 2762 19.4% 89 5.7% 1143 10.8% 2317 9.7% 6881 11.6%
Coronary artery disease 1146 12.6% 1971 13.8% 119 7.6% 1479 13.9% 2711 11.4% 7426 12.6%
Atrial fibrillation 448 4.9% 498 3.5% 27 1.7% 701 6.6% 1377 5.8% 3051 5.2%
Cardiac insufficiency 538 5.9% 894 6.3% 34 2.2% 643 6.1% 1623 6.8% 3732 6.3%
Diabetes mellitus 458 5.0% 1316 9.2% 42 2.7% 619 5.8% 1510 6.4% 3945 6.7%
Atherosclerosisa 189 2.1% 1091 7.7% 12 0.8% 193 1.8% 240 1.0% 1725 2.9%
Cancer 234 2.6% 306 2.1% 23 1.5% 217 2.0% 624 2.6% 1404 2.4%
COPD and asthma 260 2.9% 314 2.2% 23 1.5% 539 5.1% 806 3.4% 1942 3.3%
Dementiaa 203 2.2% 168 1.2% 4 0.3% 372 3.5% 281 1.2% 1028 1.7%
Depression 35 0.4% 162 1.1% 1 0.1% 41 0.4% 135 0.6% 374 0.6%
Parkinson’s disease 30 0.3% 64 0.4% 1 0.1% 31 0.3% 62 0.3% 188 0.3%
Mental disorders 24 0.3% 24 0.2% 3 0.2% 12 0.1% 44 0.2% 106 0.2%
Renal insufficiencya 60 0.7% 345 2.4% 22 1.4% 324 3.1% 413 1.7% 1164 2.0%
Alcoholisma 66 0.7% 89 0.6% 1 0.1% 80 0.8% 183 0.8% 419 0.7%
Stroke 232 2.5% 565 4.0% 26 1.7% 375 3.5% 643 2.7% 1841 3.1%

AMI: acute myocardial infarction; COPD: chronic obstructive pulmonary disease.
aComorbid disease not included in the restricted risk adjustment models (M2 and M3).
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Figure 1.  Unadjusted and risk-adjusted 90-day mortality after AMI in five countries: (a) 90-day mortality proportions with 95% 
confidence intervals for each country, full data used as reference in adjustment; (b) 90-day mortality proportions for each country, data 
of Finland and Hungary used as reference in adjustment; (c) 90-day mortality proportions for each country, data of Norway, Sweden, 
and Italy used as reference in adjustment; and (d) regional 90-day mortality proportions in Norway.
M1: sex/age adjusted; M2: sex/age/comorbidity without medication adjusted; M3: sex/age/comorbidity with medication adjusted; AMI: acute myocardial 
infarction.

Hungary. The effect here is that Hungary has younger 
patients, who from the regression output in Table 3 are 
expected to have lower mortality; thus, when adjusting 
for age and sex only, this causes the mortality proportion 
for Hungary to increase in M1. However, Hungary also 
has quite a lot more comorbidities than the other coun-
tries, most of which have an increasing effect on mortal-
ity, so adjusting for these in M2 and M3 causes the 
mortality proportion to become closer to the unadjusted 
value.

To assess the effect of heterogeneity in regression coeffi-
cients between countries, Figure 1(b) shows the 90-day 
unadjusted and adjusted mortality proportions when Finland 
and Hungary are used as the reference data, whereas Figure 
1(c) shows the corresponding proportions when Norway, 
Italy, and Sweden are used as the reference data. There are 
some differences between the two graphs, but perhaps sur-
prisingly few. We see that M1 gives a higher estimate for the 
mortality in Hungary if the low-mortality countries Norway, 
Sweden, and Italy are used as the reference data instead of 
the full reference. As seen from Table 3, the age effects for 

M1 are more protective using the low-mortality country ref-
erence compared with the full reference. Hence, this influ-
ences Hungary with its young patient population. However, 
in M2 and M3, some of the comorbidities for which the 
prevalence is highest in Hungary get greater estimated 
effects using the low-mortality country reference compared 
with the full reference, moving the mortality estimates for 
Hungary to a lower level than the estimates from the full 
reference. A similar reasoning can be used for Italy and the 
observed lower mortality in model M3 when Hungary and 
Finland were used as the reference compared with the other 
reference data. Effects of comorbidities were smaller when 
using the Finland/Hungary reference data, so even though 
the prevalence of the comorbidities was higher in model M3 
estimated with this reference data, the adjustment gives a 
smaller impact on the mortality estimates.

The same approach can also be used to illustrate regional 
differences in mortality within a country. An example for 
Norway is shown in Figure 1(d). From the point estimates, it 
is evident that there is heterogeneity in the 90-day mortality, 
although the confidence intervals are too wide to give any 
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significant differences in most cases. The international focus 
is a key element when looking at regional differences also; 
otherwise, there would be little point in basing the risk 
adjustment on pooled regression coefficients over national 
coefficients.

Another example is to study the LOS of first hospital epi-
sode as a measure of performance. As shown in Table 1, the 
unadjusted averages vary from 8 days in Norway to 12 days 
in Finland. From the regression output shown for the full 
reference data in Table 4, it is evident that fewer risk adjust-
ers reach significance, indicating poorer explanatory power 
than for 90-day mortality. There is, for instance, no clear age 
trend in the results. The pseudo R2 values are low.

Looking at the graphs on average LOS of first hospital 
episode in Figure 2, one can see that when using the full 
reference database (Figure 2(a)), there is little difference 
between the unadjusted and risk-adjusted averages. Finally, 
a graph showing the regional variation in the LOS of first 
hospital episode in Norway is given in Figure 2(d).

Discussion

There have been other recent examples of multinational 
comparisons of health-care quality outcomes with access to 
individual-level data.6,7 However, one major complication in 
EuroHOPE, which could be a general problem in any multi-
national study, is that not all countries have permission to 
share data across borders due to confidentiality restrictions. 
As data cannot be pooled, this limits the number of methods 
that are possible to use, such as multilevel models, propen-
sity score matching, and other methods.6,8,9 When it comes to 
model choice, certain compromises must be made in order 
for a study like this to be feasible. A model which shows a 
good fit in one country may not be equally applicable in 
another. But in order to perform the analysis, a single choice 
of model has to be made. Also, when the number of responses 
to risk adjusted in a study is large, it becomes impractical to 
have different model choices for each response. Hence, not 
being able to pool all data poses several problems, as the 
methods used for finding the “best” model have to be sim-
pler than the methods one would ideally wish for. Most 
covariates are categorized, even at the expense of less dis-
criminating power. If a polynomial or spline was to be fitted 
for continuous covariates, it would have to be fitted to the 
data we are able to pool. Then one would have to impose 
exactly the same fit on the data not part of the pooling in 
order to get risk-adjusted estimates for those countries. This 
we thought would be a larger potential source for bias than 
using a simple categorization. For LOS, we also tried several 
alternative generalized linear models (GLM) including nega-
tive binomial, gamma, and inverse Gaussian models with log 
and identity link functions, but the negative binomial model 
showed the best fit.

The methods presented in this article are simple to use. In 
the risk adjustment, one implicitly assumes that the effects of 
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the confounding factors on the response are similar in all 
countries, which is often not the case. We estimated weighted 
pooled regression coefficients to be used in the risk adjust-
ment. The weighting would have been unnecessary if we 
believed that the effect of the risk adjusters would be exactly 
equal across all countries, as then it would not matter if some 
country contributed many more cases to the total data than 
others. Notwithstanding, the point estimates of the regression 
coefficients used in the risk adjustment would be the same. 
Equality of coefficients across countries can be checked by 
studying the interaction effects between the countries and the 
risk adjusters.10,11 In large register-based studies like this, 
many interactions will be statistically significant, and ignor-
ing this in the risk adjustment would lead to the constant risk 
fallacy11 potentially causing the standard risk-adjusted esti-
mates to be biased. Although not shown in the results, signifi-
cant interactions were also the case in EuroHOPE for the data 
we were able to pool. But again, this is only possible to study 
thoroughly if one can pool data from all countries included in 
the study. Also, the impact on the outcome of large differ-
ences in the effect of single-risk adjusters between countries 
is difficult to ascertain, as there are many risk adjusters 

working together in the models. In any case, the problem is 
hard to solve, as to our knowledge there are no ready-made 
solutions to the problem if there are significant interactions. 
Different effects of risk adjusters may be due to differences in 
treatment practices, coding practices, or under-/over-report-
ing of comorbid diseases. However, the magnitude of the 
problem can be studied by comparing the risk-adjusted 
responses using different choices of reference database, like 
demonstrated in Figures 1 and 2. These figures illustrate that 
the choice of reference data does not matter too much for 
AMI; hence, statistically significant interactions may not 
always be a problem in practice. Thus, even simple methods 
of risk adjustment may be useful if more advanced methods 
are difficult or impossible to use.
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Figure 2.  Unadjusted and risk-adjusted length of stay after AMI in five countries: (a) average length of first hospital episode with 95% 
confidence intervals for each country, full data used as reference in adjustment; (b) 90-day mortality proportions for each country, data 
of Finland and Hungary used as reference in adjustment; (c) 90-day mortality proportions for each country, data of Norway, Sweden, 
and Italy as reference in adjustment; and (d) regional 90-day mortality proportions in Norway.
M1: sex/age adjusted; M2: sex/age/comorbidity without medication adjusted; M3: sex/age/comorbidity with medication adjusted; AMI: acute myocardial 
infarction.
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