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Examining trends in cardiovascular disease
mortality across Europe: how does the
introduction of a new European Standard
Population affect the description of the
relative burden of cardiovascular disease?
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Abstract

Background: Some mortality statistics are misleading when comparing between countries due to varying age
distributions in their populations. In order to adjust for these differences, age-standardised mortality rates (ASMRs)
are often produced. ASMRs allow for comparisons between countries as if both had the same standardised population.
We examined whether the updating of the standard population for Europe affected the description of the relative
burden between countries in cardiovascular disease (CVD) mortality across the continent.

Methods: Mortality and population data were obtained from the World Health Organization (WHO) mortality database.
ASMRs were calculated using the direct method and two European Standard Populations (ESP): 1976 ESP and 2013
ESP. We investigated differences in ASMR76 (calculated using 1976 ESP) and ASMR13 (calculated using 2013 ESP),
changes in rankings of countries between the two ASMRs and differences in trends in CVD mortality in each country
for the two ASMRs.

Results: CVD rates calculated using the 1976 ESP were on average half the size of rates calculated using the 2013 ESP.
Spearman’s rank coefficient showed that the ranks of countries by ASMRs calculated using the two ESPs were different for
both sexes. Joinpoint analyses showed no difference in the direction of trend between ASMR76 and ASMR13 although
differences in the magnitude of the change were found in some countries.

Conclusion: ASMRs are commonly used in studying the epidemiology of a disease. It is crucial that policy makers
understand the effect of changes in standard populations on these rates. This includes how populations with
different age distributions compare to each other. Similar effects may be seen in other diseases that are also more
prevalent in older age groups, such as cancer and dementia.
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Introduction
Despite large decreases in cardiovascular disease (CVD)
mortality within Europe over the last four decades [1–3],
CVD remains the leading cause of mortality in the
continent [4]. More than 4 million deaths are attributed
to CVD in Europe annually, accounting for 46% of all
deaths, with the number of CVD deaths higher in women
(2.2 million) than men (1.8 million) [2].
Despite decreasing trends in mortality from CVD found

in most European countries, there is great variation in the
extent of this decline between countries. For example,
10-year decreases in CVD age-standardised mortality
rates (ASMRs) ranged from 1.3% and 6.3% for men
and women respectively in Kyrgyzstan to 56.5% and
65.6% respectively in Kazakhstan [2]. It is no surprise
that large inequalities remain across Europe in the
relative and absolute burden of CVD [5, 6] with
CVD-related mortality generally higher in Central and
Eastern Europe [1, 2, 5, 7].
Comparing between countries and sexes can be prob-

lematic due to differences in population structure. Since
CVD is more common in older age groups, countries or
sexes with a greater proportion of older individuals may
be expected to suffer a higher proportion of CVD deaths
[8]. ASMRs are used to account for some differences in
age and population structure and have been used to com-
pare between European countries in the burden of many
CVD outcomes, including mortality. ASMRs are calcu-
lated by applying age-specific mortality rates for different
countries to the same standard population. Rates can
differ depending on which standard population is used.
The European Standard Population (ESP) is recom-

mended for the calculation of ASMRs in Europe. How-
ever, Eurostat, the statistical office of the European
Union, updated the 1976 ESP in 2013 to reflect better
the current European population structure that had
changed from 1976 due to an increase in life expectancy
[9]. The 2013 ESP has greater weighting on older age
groups and has an upper limit disaggregated to include
age groups of 90 years and older, compared to the 1976
ESP upper age limit of 85 and over [10].
The introduction of the 2013 ESP has been shown to

lead to ASMRs in CVD about twice as large as those
calculated using the 1976 ESP [2]. This increase may not
be the same for all countries and sexes as there is a
greater emphasis on older age groups in the 2013 ESP.
Those with a greater proportion of older age groups
liable to show relatively larger increases. This may change
how we view inequalities in CVD mortality within Europe.
We know that the change in standard population will
change the ASMRs calculated; if this change is uniform
across all countries, then the description and presentation
of inequalities across Europe are unaffected. However, if
this change in standard population leads to heterogeneous

changes in ASMRs between countries, this may change
the narrative around inequalities in CVD mortality across
the continent.
In this study, we aimed to examine how updating the

ESP changed the CVD ASMRs calculated for European
countries and whether the extent of any relative diffe-
rence varied by country. We calculated CVD ASMRs for
each country and both sexes using both European
Standard Populations, ESP13 and ESP76. We examined
changes to ASMRs due to the change in ESP and exam-
ined changes in the trends in CVD mortality expressed
through ASMRs calculated using the 1976 and 2013
ESPs. Joinpoint analysis was used to analyse trends in
CVD ASMRs for both ESPs in each country over time
and by sex.

Methods
Data on cause-specific numbers of deaths and popula-
tion numbers, by sex and in 5-year age groups (up to 85
and over) for European countries were extracted from
the WHO global mortality database. The WHO database
collates data reported by national authorities based on
their civil registration systems and contains data for 51
of 53 European countries. Data for each country were
extracted and analysed for the years of 1965 to 2014,
where available. Countries were excluded if both popula-
tion and mortality data for that year were not available
(Andorra and Monaco).
Cardiovascular disease as a cause of death was defined

according to the following International Classification of
Disease codes: ICD-10 (International Classification of
Diseases, tenth revision) codes I00-I99; ICD-9 codes
390-459, ICD-8 codes A081-A088 and ICD-7 codes
A080-A086. Age and sex-specific mortality rates were
calculated and the direct method was used to calculate
age-standardised mortality rates for both the ESP76
(ASMR76) and ESP13 (ASMR13). These rates are
presented for the ‘most recent year’, which are related to
the most recent data for which both mortality and popu-
lation data were available.
Countries were ranked by CVD ASMRs with diffe-

rences in rankings between ASMR76 and ASMR13
examined through Spearman’s rank test. All statistical
analyses were performed using STATA (version 14.0).
Trends in ASMRs for both ESPs were calculated. Join-

point Trend Analysis Software (version 4.3.1.0) was used
to perform joinpoint regressions to identify periods with
statistically distinct log-linear trends in death rates from
CVD over time within each age group, by sex and country.
We used joinpoint to calculate the average annual per-
centage change (AAPC) over the entire period of available
data and the annual percentage change (APC) for indivi-
dual trend segments. Segments are identified by inflexion
points (‘joinpoints’) at which there is a significant change
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Table 3 Ranking number for countries from lowest to highest cardiovascular disease mortality rates (per 100,000), by latest available
year

Country Males Change
in
ranking

Females Change
in
ranking

1976 ESP 2013 ESP 1976 ESP 2013 ESP

Albania 36 36 0 36 34 2

Armenia 35 34 1 34 36 − 2

Austria 18 18 0 18 20 − 2

Azerbaijan 40 38 2 38 44 − 6

Belarus 49 48 1 48 35 13

Belgium 11 11 0 11 9 2

Bosnia and Herzegovina 28 30 − 2 30 38 − 8

Bulgaria 43 43 0 43 45 − 2

Croatia 26 27 − 1 27 29 − 2

Cyprus 16 16 0 16 19 − 3

Czech Republic 25 25 0 25 27 − 2

Denmark 8 8 0 8 5 3

Estonia 31 31 0 31 28 3

Finland 21 20 1 20 15 5

France 2 2 0 2 1 1

Georgia 30 29 1 29 30 − 1

Germany 19 19 0 19 21 − 2

Greece 22 21 1 21 23 − 2

Hungary 29 32 − 3 32 31 1

Iceland 17 17 0 17 16 1

Ireland 15 15 0 15 13 2

Israel 1 1 0 1 2 − 1

Italy 12 12 0 12 12 0

Kazakhstan 34 28 6 28 24 4

Kyrgyzstan 46 47 − 1 47 49 − 2

Latvia 42 41 1 41 33 8

Lithuania 39 39 0 39 32 7

Luxembourg 7 5 2 5 10 − 5

Malta 14 13 1 13 17 − 4

Montenegro 32 33 − 1 33 39 − 6

Netherlands 4 4 0 4 6 − 2

Norway 6 6 0 6 7 − 1

Poland 27 26 1 26 26 0

Portugal 9 10 − 1 10 11 − 1

Republic of Moldova 45 45 0 45 48 − 3

Romania 38 40 − 2 40 41 − 1

Russia Federation 47 46 1 46 42 4

San Marino 20 22 − 2 22 18 4

Serbia 33 35 − 2 35 40 − 5

Slovakia 37 37 0 37 37 0

Slovenia 23 23 0 23 22 1

Spain 3 3 0 3 3 0
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in trends, using a series of permutation tests, with
Bonferroni adjustment for multiple comparisons. The
changes in trend may include any change in intensity,
but could include a change in direction. We used a
two-sided significance level set at P < 0.05 for all tests.
Significant joinponts for each country by sex (maximum
of 5) were determined using a log-linear model, and the
annual percentage change (APC) within each segment cal-
culated. The use of a log-linear model enables the analysis
of constant percentage (rather than absolute) change in
prevalence over time. Plateauing of the most recent trend
for a country was defined as the trend in the most recent
segments showing either a less steep decline than the
preceding segment, no significant difference to zero, or an
increase. Joinpoint segments were compared between
ASMRs from both ESPs to examine differences in trends.

Results
On average, 35 years of data were available for all
countries. Complete data for all 49 years were only
available for two countries, Malta and Austria, with
30 years or more of data available for 33 (64.7%) countries.
Less than 10 years of data were available for three coun-
tries: Cyprus (9 years), San Marino (7 years) and Turkey
(4 years). The number of total CVD deaths was greater in
women than men in 42 out of 51 countries for the most
recent available year. Furthermore, a higher percentage of
total deaths that were from CVD were found in women in
48 out of 51 countries (Table 1).
CVD rates calculated using the 1976 ESP were on

average half the size of rates calculated using the 2013
ESP (mean rate difference = 1.95; P < 0.001). The mean
rate difference was 1.86 for men and 2.03 for women.
ASMR13s were more than twice as large as ASMR76s in
males for eight countries (Austria, Iceland, Italy,
Kazakhstan, Netherlands, Norway, San Marino, Sweden,
and Switzerland). In females, ASMR13s were more than

twice as large as ASMR76s for more than three quarters
of countries (Table 2).
Mean CVD rates calculated using both ESPs were sig-

nificantly lower in females than males (mean rate males,
ASMR76 = 560.8, ASMR13 = 1031.5; mean rate females,
ASMR76 = 375.3, ASMR13 = 751.3, P < 0.001), but females
had a significantly greater proportional difference in rates
when comparing the ASMR76s and ASMR13s (mean
rate difference; males = 1.86, females = 2.03, P < 0.001).
Spearman’s rank coefficient showed that ranks of
countries by ASMRs calculated using the two ESPs were
different for both sexes (Spearman’s rho for men 0.995, P
< 0.001; Spearman’s rho for women 0.97, P < 0.001).
The largest changes in ranking were found for males

in Kazakhstan which was six places lower when the
ranking was compared between ASMR13 and ASMR76.
In women, Ukraine was four places lower. In both sexes,
Central Asian and Eastern European countries moved
the most number of ranked places. In men, Central
Asian and Eastern European countries generally moved
down the ranking, and for women, these countries
generally moved up. For both sexes, the top two and
bottom three countries remained the same for rates
calculated using both ESP (Table 3).
A majority of countries in both sexes showed a nega-

tive ASMR trend calculated using both ESPs. Joinpoint
analyses showed no difference in the direction of trend
between ASMRs. There were four countries (Albania,
Slovenia, Tajikistan, and Turkey) in men and eight coun-
tries (Azerbaijan, Belarus, Montenegro, San Marino,
Serbia, Slovakia, Slovenia, and Turkey) in women that
have a continuous linear trend (no joinpoints identified).
In men, seven countries (San Marino, Austria, Belarus,

Azerbaijan, Lithuania, Romania, and Hungary) had a
greater decrease in the trend for ASMR13 than ASMR76.
This was found in three countries for women (Belarus,
Latvia, and Russia). A greater increase in trend in ASMR13

Table 3 Ranking number for countries from lowest to highest cardiovascular disease mortality rates (per 100,000), by latest available
year (Continued)

Country Males Change
in
ranking

Females Change
in
ranking

1976 ESP 2013 ESP 1976 ESP 2013 ESP

Sweden 13 14 − 1 14 14 0

Switzerland 5 9 − 4 9 8 1

Tajikistan 44 44 0 44 43 1

TFYR Macedonia 41 42 − 1 42 46 − 4

Turkey 24 24 0 24 25 − 1

Turkmenistan 51 51 0 51 51 0

The UK 10 7 3 7 4 3

Ukraine 50 50 0 50 47 3

Uzbekistan 48 49 − 1 49 50 − 1

*1 = lowest, 51 = highest
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than ASMR76 was found in six countries for women
(Albania, Bulgaria, Azerbaijan, Turkey, Kyrgyzstan, and
Turkmenistan) and in one country for men (TFYR
Macedonia). Four countries (Bulgaria, Russian Federation,
Ukraine, and Uzbekistan) had a greater increase in trend
for ASMR76 than ASMR13 in men and two in women
(Kazakhstan and Uzbekistan) (Table 4).
Differences in the number of joinpoint segments

between rates from both ESPs were found for five
countries in men (Georgia, Lithuania, Norway, and
Poland) and four countries (Albania, Estonia, Kyrgyzstan,
and Lithuania) in women. A number of countries showed
a plateau in recent trends, as defined by the most recent
segment showing either a less steep decline than the
preceding segment, no significant difference to zero, or an
increase. These plateaus were identified at all times in
trends of both ASMRs except for men in Georgia amongst
whom a plateau found in the trend of ASMR76 was not
found when using ASMR13 (Table 5).

Discussion
The 2013 ESP changes the relative burden of CVD mor-
tality rates for European countries by sex. The 1976 ESP
rates are half as high as those calculated using 2013 ESP
in countries for both sexes, and the ranking of countries
by CVD ASMR changed when calculating ASMRs using
the different standard populations. Despite largely simi-
lar trends between ASMR13 and ASMR76 for all coun-
tries by sex, there were some differences in trends in
ASMRs calculated using different ESPs.
Joinpoint analyses allowed us to compare trends in the

log of ASMRs calculated using the old and new ESPs.
This demonstrated that for most countries the direction
and intensity of the trend in the two ASMRs were simi-
lar, although some differences were apparent. In
particular, a number of countries showed a difference in
the intensity of the trend over the entire period, when
comparing ESP76 to ESP13, although no country was
found to have a change in the direction of the trend for
either sex. Differences in intensity were more pro-
nounced in countries when comparing the most recent
trend, with one country demonstrating a change in the
direction of the most recent segment.
Limitations of this research are that there is a variability

of global coverage and data quality [11]. Developed coun-
tries use the vital record system whereas developing coun-
tries use verbal autopsy, which are generally weaker and
not standardised [12, 13]. Furthermore, the results in this
study may not be generalizable to countries outside of the
WHO Europe Member States. However, findings are
representable and internally valid because data were
comparable between ESPs since the same data were used.
To our knowledge, this is the first paper to investigate

trends in CVD mortality for all European countries. It is

also the first to compare ASMRs calculated using ESP13
and ESP76 [2]. Our finding that ASMR76 were half as
large as ASMR13s was similar to previous work inves-
tigating deaths from coronary heart disease (CHD)
rather than CVD as done here [2]. We found no paper
that had investigated the difference between trends in
ASMRs calculated using ESP13 and ESP76 in total CVD
or subtype, although trends in CVD agreed with pre-
vious analysis on trends in CHD ASMRs [11] in most
countries. Differences in results between studies show a
decrease in CHD ASMR in Bulgaria found in the pre-
vious [11] compared to an increase in CVD ASMR in
the present study. These differences may be due to
garbage codes, defined as incomplete registration of death
and sex/age in the mortality data for CVD [14]. The
WHO reported that Bulgaria had a large amount of
garbage codes included for subgroups in CVD [15].
Such changes in standard populations can be confus-

ing for policy makers and public alike, unless clarity is
provided in the effect of such changes. We have demon-
strated in this paper that the relative description of the
burden of CVD mortality between countries occurs
when changing the standard population used to calculate
age-standardised rates. In addition, in some countries,
the intensity and, in one country, the direction, of the
most recent trend in CVD ASMRs was altered by the
introduction of a new standard population, despite no
change in the mortality and population data used to
calculate them. Such changes can be misleading and care
must be taken not to compare between analyses using
different standard populations. ASMRs produce an esti-
mate of mortality that relates to a standard population;
this means it is only a useful measure when used com-
paratively between estimates using the same population.
Rates calculated using the actual population are better
when calculating an absolute mortality measure. This
means that ASMRs can prove confusing, such that there
is merit in adopting a standard population that is as
representative of the actual population as possible. The
most recent ESP (2013) was introduced to better reflect
the contemporary population distribution of Europe, so
this remains the most suitable ESP for the calculation of
standardised rates; it must be noted, however, that this
change may alter how we discuss the relative burden of
CVD mortality across the continent and in some cases
within countries.

Conclusion
Age-standardised rates are commonly used in studying
the epidemiology of a disease. Although changing the
standard population will change the rates, this paper also
shows that it may change the relative burden of disease
when countries or subgroups are compared to each
other, despite using the same mortality data. It is crucial
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that policy makers understand the effect of changes in
standard populations on these comparisons. Similar ef-
fects as those found in CVD in Europe, due to the
change in the European Standard Population, may be
seen in other diseases that are also more prevalent in
older age groups, such as cancer and dementia.
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