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SUMMARY
Aim: The concept of amenable mortality is intended to assess health care system performance. It is defined as “premature deaths that should 

not occur in the presence of timely and effective health care”. The purpose of paper is to analyse differences in amenable mortality across European 
Union countries and to determine the associations between amenable mortality and life expectancy at birth.

Methods: This is a cross-country and time trend analysis. Data on deaths by cause, and five-year age groups were obtained from the World 
Health Organization database for the 20 European Union countries, throughout the period from 2002 to 2013. The rates of amenable mortality 
were expressed by the age-standardised death rates per 100,000 inhabitants. We applied the method of direct standardisation using the European 
Standard Population.

Results: Throughout the explored period, the statistically significant variations of the age-standardised death rates in a relation to the European 
Union average fluctuated from 78.7 per 100,000 inhabitants (95% CI 72.4–84.9) in France to 374.3 per 100,000 inhabitants (95% CI 350.8–397.7) 
in Latvia. The leading causes of amenable mortality were ischaemic heart disease, cerebrovascular diseases, and colorectal cancer that accounted 
for, respectively, 42.2%, 19.5%, and 11.3% of overall amenable mortality. As expected, statistically significant strong negative relationship (R2 = 0.95; 
ρ = −0.98) between amenable mortality and life expectancy at birth was proved by linear regression. The concept has several limitations relating 
to the selection of causes of death and setting age threshold over time, not consideration actually available health care resources in each country, 
as well as differences in the prevalence of diseases among countries. 

Conclusions: We found an explicit divide in amenable mortality rates between more developed countries of Western, Northern and Southern 
Europe, and less developed countries of Central and Eastern Europe. Increasing of amenable mortality may suggest deterioration in health care 
system performance.
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INTRODUCTION

There has been growing interest in the determination of health 
systems’ performance between countries and in their contribution 
to health of population. It is partially determined by various health 
outcomes indicators, commonly considering length of life. Gen-
eral mortality data and consequently life expectancy are accessible 
for the longest time period within the health status data. They are 
generally considered the most reliable health outcomes indicators 
for international comparison across countries. However, general 
mortality data represents a rough health status indicator that is 
itself insufficient for the assessment of medical care benefits. As 
for premature deaths, not all reflect the accessibility and effective-
ness of health care system. For decades, researchers have been 
looking for the ways how to measure the proportion of the health 
care system to health status of population. Although, there is no 

indicator that would comprehensively reflect the performance of 
health care system, nevertheless, the suitable measurement seems 
to be the concept of avoidable mortality.  

The concept of avoidable mortality, as an indicator for the 
quality of healthcare services, was firstly developed by Rutstein 
et al. (1), who defined deaths from selected disease groups that 
are considered either treatable, or preventable through the medical 
services. Further, they divided the avoidable mortality into the 
two subsets of amenable mortality with the timely and effective 
health care services (e.g. diabetes mellitus treated with insulin), 
and preventable mortality by interventions programs (e.g. lung 
cancer prevented by smoking elimination). Their list of causes 
of death included about 80 diseases. Many researches have tried 
to renew the list over time adjusting to the new medical and 
technological advances (2–9). Gay et al. (10) estimated amenable 
mortality for 31 OECD countries and assessed this indicator by 
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comparing the two widely used lists of causes of death: Nolte and 
McKee from 2008 (8) and Tobias and Yeh from 2009 (9). The 
results of the lists were similar. The highest amenable mortal-
ity rates were identified in the Eastern European countries and 
Mexico, on the contrary to the Japan, France, Italy, and Sweden 
with the lowest values. The recent study “Amenable mortality in 
the European Union: toward better indicators for the effective-
ness of health systems” (AMIEHS) from 2011 (11) introduces 
a new way of selecting diseases into the lists of causes of death 
that are amenable to health care. Based on previous studies, the 
Office for National Statistics in England (12) defines amenable 
and preventable mortality as follows. „A death is amenable if, 
in the light of medical knowledge and technology at the time of 
death, all or most deaths from that cause (subject to age limits if 
appropriate) could be avoided through good quality health care. 
A death is preventable if, in the light of understanding of the 
determinants of health at time of death, all or most deaths from 
that cause (subject to age limits if appropriate) could be avoided 
by public health interventions in the broadest sense.“ 

Most studies applied the list of causes of death by Nolte and 
McKee (8) or by Tobias (9) for amenable mortality analyses 
(13–16). The latest study on amenable mortality, AMIEHS project 
(11), provides trends of standardised mortality rates in European 
countries according to the recent list of causes of deaths over the 
period 2001–2009 by the electronic atlas of amenable mortality 
(17). In this research, Eastern European countries had higher rates 
of causes of death amenable to health care than Northern and 
Western European countries. To date, there have been no studies 
conducted to update the evolution of amenable mortality up to the 
latest available year 2013, in addition, the relationships between 
amenable mortality and others health indicators are missing.

The main objectives of this paper are:
•	 to evaluate differences in amenable mortality across European 

Union (EU) countries between 2002 and 2013,
•	 to reveal the relative position of countries with relation to the 

European Union average for the leading causes of death in 
amenable mortality,

•	 to determine the associations between amenable mortality and 
life expectancy at birth.

MATERIALS AND METHODS

Data
Our main source of mortality data was the World Health Or-

ganization (WHO) database, where the causes of death are coded 
using the ICD-10 classification, by the five-year age groups. The 
data in the required structure were available for 20 EU countries 
for the period 2002-2013, while others EU countries did not meet 
the requirements of this analysis due to data incompleteness. 
However, data for Denmark, Estonia, Latvia, and Romania were 
available up to 2012; for France up to 2011; and for Slovenia only 
up to 2010. We selected causes of death that were proposed by 
the AMIEHS research group (Table 1), with age limit 75 years. 
Statistical Database of the United Nations Economic Commission 
for Europe was the main source for data on mid-year population 
at the age groups in every year. Data on life expectancy at birth 
was downloaded from OECD database.

Analyses
We analysed levels and trends of amenable mortality by 

estimating age-standardised death rate (ASDR) per 100,000 in-
habitants. The method of direct standardisation to the European 
standard population (18) was used with the aim to remove any 
effect from variations in the age structure across countries or 
over time. The age-standardised death rates were calculated by:

						      (1)

Where: x – age/sex group 0–4, 5–9,..., 70–74; mx – observed 
mortality rate (deaths per 100,000 persons) in sex/age group; 
Px* – European Standard Population in age group x.

Forest plot was used to reveal the national variance of ASDRs 
(with 95% confidence intervals) compared to the EU average (18). 
A difference is statistically significance if confidence intervals 
(CI) around rate non-overlap a value of EU average (19). We 
further calculated relative ASDR differences between countries 
for categories of diseases in relation to the EU average that were 
illustrated by radar plot. Finally, the association between amenable 
mortality rates and life expectancy were expressed by correlation 
index and linear regression as proposed in the study (10).

RESULTS 

Differences in Amenable Mortality across EU Countries 
Figure 1 shows the current level of amenable mortality rates 

in EU countries in 2013 or latest available year. EU average of 
amenable mortality accounted for 160 deaths per 100,000 inhabit-
ants. The ASDRs ranged from 68 per 100,000 in France to 318 

Cause of death considered amenable  
to health care ICD – 10th revision

HIV B20-24
Colorectal cancer C18-21
Breast cancer C50
Cervical cancer C53
Testis cancer C62
Hodgkin’s disease C81
Leukaemia C91-95
Ischemic heart disease I20-25
Rheumatic and other valvular heart disease I00-09
Hypertensive heart disease I10-13
Heart failure I50-51
Cerebrovascular disease I60-69
Peptic ulcer disease K25-26
Nephritis and nephrosis N17-19
Perinatal deaths, all causes (excl. stillbirths) P00-96
Congenital malformations Q20-24

Table 1. List of causes of death considered amenable to health 
care, AMIEHS list

Adapted from Plug et al. 2011 (11).
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per 100,000 in Latvia. Generally, the experienced countries of 
Central and Eastern European Union recorded the higher values 
of amenable mortality than EU average, while more developed 
Western, Northern and Southern European Union countries, 
showed a lower level of amenable mortality. 

Figure 2 shows the national distribution of the European Union 
countries’ amenable mortality rates (with 95% CI) in relation to 
the European Union average throughout the period 2002–2013. 
A statistically significant variation was proved, with a range from 
78.7 per 100,000 (95% CI 72.4–84.9) in France to 374.3 per 
100,000 (95% CI 350.8–397.7) in Latvia. For countries Latvia, 
Romania, Lithuania, Hungary, Estonia, Slovakia, Croatia, and 
Poland, ASDRs were statistically significantly higher than the 
European Union average. For Czech Republic, ASDRs did not 
differ statistically significantly from the European Union average, 
whereas 95% CI of ASDRs exceeded the EU average. Conversely, 
ASDRs were statistically significantly lower than the European 
Union average in Malta, Slovenia, Finland, United Kingdom, 
Germany, Denmark, Sweden, Luxembourg, Netherlands, Spain, 

Fig. 1. Amenable mortality rates per 100,000 inhabitants, 2013 
or last available year.
2012 data for Denmark, Estonia, Latvia, Romania; 2011 data for France; 2010 data 
for Slovenia.
Source: own calculations from http://www.who.int/healthinfo/statistics/mortality_raw-
data/en/			 

Fig. 2. Forest plot showing the ASDRs (with 95% CI) in rela-
tion to the EU average (vertical line) for the years 2002–2013.
ASDR – age-standardised death rate; CI – confidence interval.

Fig. 3. Change in amenable mortality, 2002 to 2013.
Source: own calculations from http://www.who.int/healthinfo/statistics/mortal-
ity_rawdata/en/

and France. These results prove that there is a statistically signifi-
cant geographical variance in amenable mortality rates, except 
Czech Republic, from the European Union average also in the 
long-term perspective.

During the study period from 2002 to 2013, amenable mor-
tality declined in all the experienced European Union countries 
(Fig. 3). EU average drop was at a value of 31.3%. Other annual 
declines ranged from 16.1% in Lithuania to 43.7% in United 
Kingdom. As it is seen, Lithuania significantly lags behind the 
Baltic States, namely Estonia (−39.5%), Slovenia (−29.2%), and 
Latvia (−24.3%). Considering countries of the Visegrad region, 
Czech Republic achieved the highest decrease of amenable 
mortality (−31.9%), higher than EU average (−31.3%). On the 
contrary, declines of amenable mortality in Slovakia (−27.7%), 
Poland (−24.9%), Hungary (−24.6%) were below the EU average. 
Annual declines larger than 40% were recognised in Netherlands, 
Malta, Denmark and United Kingdom.

Relative Position of Countries with Relation to the EU 
Average for the Leading Causes of Death in Amenable 
Mortality 

We examined the contributions of diseases to overall amenable 
mortality in experienced EU countries in 2013, or latest avail-
able year (Table 2). The leading cause of amenable mortality 
was ischaemic heart disease that accounted for 42.2% of overall 
amenable mortality. Share of cerebrovascular diseases in total 
amenable mortality was 19.5% and colorectal cancer explained 
11.3%. Other causes of death contributed less than 8%.

Figure 4 shows relative positions of countries by comparison 
to the EU average for the first three most common disease cat-
egories and total amenable causes. Countries with good results 
of overall amenable mortality usually have mortality rates by 
disease category below the EU average. Commonly, there are 
some exceptions, for instance, Slovenia has a relatively high rate 
of amenable mortality for colorectal cancer. On the other hand, 
countries reflecting worse values of overall amenable mortality 
usually have mortality rates by disease category above the EU av-
erage, except Poland for ischaemic heart disease, Czech Republic 
for cerebrovascular disease, Lithuania due to colorectal cancer, 
and Estonia for colorectal cancer and for cerebrovascular disease.
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DISCUSSION

Amenable mortality has been developed as a measurement 
of population health status which deeply relates to the quality of 
health care. We decided to use AMIEHS list of causes of death 
amenable to health-care because it is the last modification ac-
cording to the latest conditions.

All the 20 European Union countries exhibited declines in 
amenable mortality, what suggests their performance improve-
ments but their pace varied. Although, the age standardised death 
rate of amenable mortality is the lowest in France (68/100,000), 
suggesting a good quality of health care in amenable conditions, 
the percent drop of amenable mortality in France (−29.1%) does 
not achieve either the value of European Union average decline. 
Our results are consistent with the study by Nolte and McKee 
(13), who used their own list of amenable diseases from 2008.

On the contrary, Latvia and Lithuania had one of the highest 
rates of amenable mortality in 2013 (318/100,000; 281/100,000), 
indicating poor health care system performance, and they also 
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Croatia 6.9% 24.9% 1.1% 12.7% 0.3% 3.5% 0.1% 0.2% 4.9% 40.5% 0.9% 0.9% 1.0% 1.4% 0.5% 0.2%
Czech Rep. 5.6% 15.9% 1.6% 11.8% 0.3% 6.8% 0.0% 0.2% 4.9% 48.0% 1.2% 1.2% 1.1% 0.8% 0.6% 0.1%
Denmark 14.1% 18.0% 1.5% 20.2% 0.4% 5.3% 0.5% 0.3% 4.2% 28.5% 1.2% 1.9% 1.3% 2.0% 0.2% 0.2%
Estonia 6.1% 12.1% 2.0% 6.8% 0.4% 3.0% 1.9% 0.2% 22.4% 41.7% 1.0% 0.3% 0.9% 0.7% 0.4% 0.1%
Finland 9.1% 18.3% 0.5% 10.6% 0.6% 3.5% 0.1% 0.2% 4.7% 48.6% 0.8% 0.4% 1.5% 0.7% 0.1% 0.2%
France 17.0% 16.6% 1.5% 19.1% 0.8% 7.2% 1.0% 0.4% 3.3% 25.7% 1.5% 2.0% 0.4% 2.6% 1.0% 0.2%
Germany 11.5% 14.0% 1.3% 13.4% 0.5% 6.8% 0.5% 0.2% 5.2% 38.9% 1.2% 3.0% 0.8% 1.8% 0.7% 0.2%
Hungary 5.6% 17.8% 1.4% 12.4% 0.4% 3.6% 0.0% 0.1% 8.5% 45.2% 0.9% 0.4% 1.6% 1.3% 0.4% 0.1%
Latvia 4.4% 23.9% 1.6% 6.3% 0.3% 1.8% 1.5% 0.2% 6.2% 50.5% 0.7% 0.1% 0.9% 1.2% 0.5% 0.1%
Lithuania 4.6% 22.6% 1.8% 6.0% 0.4% 0.3% 0.4% 0.1% 3.5% 56.2% 0.7% 0.3% 1.7% 0.5% 0.8% 0.1%
Luxembourg 11.1% 14.7% 2.2% 17.3% 0.8% 5.6% 0.5% 0.8% 2.9% 38.5% 0.9% 2.3% 0.3% 1.7% 0.3% 0.0%
Malta 11.1% 13.1% 0.5% 13.2% 0.5% 4.5% 0.2% 0.3% 2.1% 49.2% 0.2% 2.0% 0.2% 2.9% 0.0% 0.0%
Netherlands 15.1% 17.2% 1.3% 20.8% 0.7% 8.7% 0.2% 0.4% 2.9% 26.1% 1.5% 1.7% 0.5% 2.6% 0.3% 0.2%
Poland 6.3% 19.9% 2.0% 10.5% 0.5% 22.6% 0.2% 0.2% 2.7% 29.5% 1.2% 1.3% 1.1% 1.2% 0.6% 0.2%
Romania 4.0% 28.7% 2.4% 6.4% 0.4% 2.6% 0.3% 0.2% 14.9% 35.1% 0.6% 2.3% 0.4% 1.1% 0.4% 0.1%
Slovakia 5.9% 18.1% 1.8% 11.4% 0.4% 7.3% 0.0% 0.3% 3.2% 47.0% 1.0% 1.3% 1.0% 1.0% 0.3% 0.2%
Slovenia 9.6% 22.2% 1.3% 18.1% 0.3% 3.8% 0.0% 0.2% 4.2% 33.6% 1.6% 1.3% 0.8% 1.8% 1.0% 0.1%
Spain 10.8% 15.2% 1.3% 20.6% 0.6% 7.5% 2.0% 0.4% 3.3% 30.7% 1.2% 2.7% 0.4% 2.1% 1.2% 0.1%
Sweden 10.6% 15.1% 1.3% 15.3% 0.5% 6.5% 0.2% 0.2% 2.9% 41.8% 1.3% 1.1% 1.4% 1.6% 0.3% 0.2%
United King. 11.6% 14.9% 1.2% 13.5% 0.7% 2.8% 0.4% 0.3% 2.7% 45.6% 1.1% 0.9% 1.4% 2.3% 0.5% 0.1%
EU-20 7.4% 19.5% 1.6% 11.3% 0.4% 5.1% 0.5% 0.2% 6.7% 42.2% 0.9% 1.2% 1.0% 1.3% 0.5% 0.1%

Table 2. Contribution to overall amenable mortality, 2013 or last available year, AMIEHS list

Association of Amenable Mortality with Life Expectancy
We examined the association between amenable mortality and 

life expectancy at birth across countries. As might be expected, 
amenable mortality is negatively correlated with life expectancy 
at birth, while amenable mortality is included in overall mortal-
ity. However, amenable mortality can differ across countries with 
similar life expectancies. Based on our findings, the determina-
tion index R2 indicates that 95.22% of dependency of our data is 
explained by negative linear regression (Fig. 5). 

We found a very strong negative correlation between amenable 
mortality and life expectancy (ρ = −0.98). The lowest life expect-
ancy is assigned to Latvia (74.1) and also amenable mortality has 
the highest value of EU countries (318.5/100,000). On the contrary, 
the longest life is expected to be in Spain (83.2), similarly, amenable 
mortality rate reflects the second lowest level among EU countries 
(80/100,000). Some countries have the same value of life expect-
ancy: Latvia and Lithuania (74.1), Denmark and Slovenia (80.4), 
Finland and United Kingdom (81.1), however Lithuania, Denmark 
and United Kingdom gained better results of amenable mortality. 



S20

experienced the smallest improvements in rates (−24.3%; −16.1%) 
between 2002 and 2013. Countries of Visegrad region had differ-
ent patterns: Hungary, Slovakia and Poland showed above-average 
amenable mortality and experienced low improvements, while 
Czech Republic had lowest amenable mortality across these 
countries and nevertheless achieved the highest progress. Simi-
larly, more than average decline was found in the Czech Republic 
during the period from 1980 to 1997 (20).

We found an explicit divide in amenable mortality rates be-
tween the more developed countries among the western, northern 
and southern European Union members, and the less developed 
countries among the central and eastern European Union mem-
bers in the long term, also at a current level. However, Croatia 
and Estonia made a considerable progress in achieving the better 

values of amenable mortality. Our results are consistent with the 
study by Newey and Nolte (6) who demonstrated a clear east-west 
divide in amenable mortality.

The differences between Eastern and Western European 
countries have been documented for poverty (percentage of the 
population who at-risk of poverty: 17% in the East and 14% in 
the West), and education (percentage of the population with at 
least lower secondary education: 21% in the East and 32% in the 
West) (21). As for medical procedures, Eastern countries showed 
an average of 40 MRI  exams per million inhabitants in 2013 
compared to 50 in Western countries, in addition, the East dispose 
with the lower number of hospital beds, cardiac procedures, and 
ambulatory surgery (22).

Further, we revealed statistically significant geographical vari-
ance in amenable mortality rates for all countries, except Czech 
Republic, from the European Union average. In accordance with 
the study by Treurniet et al. (20), only deaths from leukaemia 
were statistically non-significant from the average in the Czech 
Republic.

Our results shows that ischaemic heart disease, cerebrovascular 
diseases, and colorectal cancer are the leading causes of amenable 
mortality and explain almost third of total amenable mortality. 
A possible interpretation of this finding could relate to the high 
prevalence of mentioned diseases in the EU (23) and disposable 
scope for increasing the effectiveness of treatment. With regard to 
the colorectal cancer, Slovenia’s worse amenable mortality than 
other west countries may reflects below average CT scanners in 
the country (12.6 per million population). Conversely, larger CT 
scanners in Estonia (17.4 per million population) and Lithuania 
(23.8 per million population) may contribute to the better rates 
of colorectal cancer than others east countries (22).

Eastern European countries characterised by higher overall mor-
tality, cardiovascular and cerebrovascular mortality point out the 
unhealthy lifestyle of their population as well as the low access of 
cardiovascular and cerebrovascular interventional diagnostics and 
treatment (24). It would be desirable to develop in these countries 
national cardiovascular program. Similarly, mortality from color-

Fig. 5. Life expectancy and amenable mortality in EU countries, 
2013 or last available year.
Czech Republic (CZE), Denmark (DNK), Estonia (EST), Finland (FIN), France (FRA), 
Netherlands (NLD), Croatia (HRV), Lithuania (LTU), Latvia (LVA), Luxembourg (LUX), 
Hungary (HUN), Malta (MLT), Germany (DEU), Poland (POL), Romania (ROM), Slo-
vakia (SVK), Slovenia (SVN), Spain (ESP), Sweden (SWE), United Kingdom (GBR).
Source: own calculations from http://www.who.int/healthinfo/statistics/mortal-
ity_rawdata/en/

Fig. 4. Relative positions of countries in relation to the EU 
average, 2013 or last available year.
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ectal cancer relates to nutritional habits (excessive consumption 
of fatty foods) as well as a genetic predisposition, especially in 
the countries of Visegrad region and Slovenia. In many of these 
countries it is expected to decrease mortality from colorectal cancer 
after starting screening for colorectal cancer in the population over 
50 years, which is financed from public health insurance.

We found a high negative correlation between amenable mor-
tality and life expectancy at birth coincides with Gay et al. (10). 
Lithuania, Denmark and United Kingdom gained better results 
of amenable mortality than countries with the same values of life 
expectancy. Our results indicate success in medical care of dis-
eases considered amenable to health care in these three countries. 
To rank countries according to amenable mortality indicators is 
accompanied by the fact that health status of population depends 
on many others factors, such as socioeconomic factors, lifestyle 
practises, environmental factors, etc. (25). Therefore, we should 
be very cautious when interpreting implications of medical inter-
ventions on population health considering mentioned limitations 
in international comparisons.

While amenable mortality seems to be an innovative indicator 
for measuring the effectiveness of medical services, it has number 
of limitations (26). There is an absence of international agreement 
on the uniform selection of causes of death in the cross-country 
comparison due to the several researched teams interesting in this. 
It should be kept in mind, that the list of causes of death should be 
modified over times, since technological innovations of medical 
treatment at the primary and secondary level have been increasing. 
Similarly, age limit for premature deaths should vary over time 
considering age threshold after that medical intervention is not so 
effective due to the presence of multiple comorbidities. There is 
the question, if the age limit should not be varied between males 
and females or between low and high-income countries (7, 27). 
This concept does not take into account that different countries 
do not have the same health care resources needed for effective 
treatment, for instance, new technologies or sufficient number of 
professionals. The lack of resources can lead to the increase of 
disease prevalence that is not adjusted in the amenable mortal-
ity indicator. In spite of these limitations, amenable mortality 
indicator provides valuable information about the potentials and 
weaknesses of health care system performance.

CONCLUSIONS

Our analysis can be used to inform health policy decision 
makers of each country about the level of unnecessary deaths in 
the European Union countries, about the leading causes of death 
amenable to health care, finally, about the relation between life 
expectancy and amenable mortality. It is necessary to conduct 
analyses with relation to the regional levels and socioeconomic 
status of population, in order to introduce specific interventions. 
Up to now, there are some studies that assessed the regional dif-
ferences in amenable mortality, e.g. for Italy (28), for Spain (29), 
for Hungary (30), etc. This seems to be the subject of our further 
analyses in the field of amenable mortality studies.
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