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Lariboisière, 2 Rue Ambroise Paré, 75475 Paris Cedex 10, France. email: said.laribi@lrb.aphp.fr
Received 19 February 2014 and in revised form 26 March 2014

Summary
Background: Worldwide, cardiovascular diseases
and cancer account for 40% of deaths.
Certain reports have shown a progressive decrease
in mortality. Our main objective was to assess
mortality trends related to myocardial infarction
(MI), heart failure (HF) and pulmonary embolism (PE).
Methods: MI, HF and PE were studied as cause
of death based on the analysis of death certificates
in Canada (C), England and Wales (E), France (F)
and Sweden (S). We also used a multiple cause
approach. Age-standardized death rates (SDR)
were calculated.
Results: The SDR for MI, HF or PE as the underlying
cause of death, all decreased during the last decade.

The decrease in SDR secondary to MI exceeded
that for HF or PE. Concerning multiple cause of
death, a greater decrease was also found for MI,
compared with HF or PE.
Conclusions: We confirm the beneficial trends
in SDR with MI, HF or PE both as underlying
or multiple causes in the studied countries. For
HF and PE, multiple cause approach seems more
accurate to describe the burden of these
two pathologies. Our study also suggests that
more efforts should be dedicated to HF and PE in
order to achieve similar trends than in MI.

! The Author 2014. Published by Oxford University Press on behalf of the Association of Physicians.
All rights reserved. For Permissions, please email: journals.permissions@oup.com
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Introduction

Methods
The causes of death by MI, HF, PE and LC were
studied based on the analysis of death certificates
in Canada (C), England and Wales (E), France (F)
and Sweden (S). In Canada, England and Wales,
France and Sweden, all causes of death are reported
to the authorities. These data are based on the information provided by medical doctors on each death
certificate. This compulsory reporting and certification of death by medical professionals results in the
ascertainment of causes of death and is used for the
analysis of the trends in various diseases.16 Using
national mortality databases (See Appendix), we obtained, in each of the four countries, detailed data
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Worldwide, cardiovascular diseases and cancer
account for 40% of deaths.1–4 Regarding cardiovascular diseases, certain reports have shown a progressive decrease in the mortality, but studies were
mostly related to a single cardiovascular disease like
heart failure (HF)5,6 or myocardial infarction (MI)
and often focused at one country.7–9 Decreases in
mortality over the last decade can be partially attributed to better definition of acute coronary syndromes (ACS), to the implementation of published
guidelines in both North America and Europe10,11
and effective use of specific therapeutic strategies.
Similarly, important efforts have been made to improve the knowledge, definitions and management
of HF and pulmonary embolism (PE).12,13 Long lasting therapy of chronic stable heart failure including
b-blockers, ACE, aldosterone antagonists have been
shown to prevent acute decompensated heart failure
and to improve outcome. Acute decompensated
heart failure is still associated with high mortality
rate and very few therapeutic advances have been
made recently.
Accordingly, based on different guidelines implementation and different therapeutic advances in
these different diseases, we hypothesize in the
current study that improvement in death rate related
to MI was more pronounced than the improvement
in the death rate of two other major cardiovascular
diseases: HF and PE. Lung cancer (LC) another
deadly disease, closely related to tobacco consumption, was chosen as a non-cardiovascular
comparative.14,15
Thus, our main objective was to assess and compare mortality trends related to MI, HF and PE, as the
three most frequent cardiovascular causes of death
and compare them with LC in Canada and in
Europe.

on cause of death from 2001 to 2009. The study was
performed according to regulations about privacy.
Methods used for death certificate analysis have
been published elsewhere.5 Briefly, death certificates are standardized among the studied countries
and contain two sections in which physicians enter
the causes of death. Part I asks for the sequence of
events leading directly to death from the ‘underlying’ cause of death to the direct cause. Part II
allows the physician to enter other conditions that
indirectly contributed to death (contributing causes
of death). The causes of death analysis are usually
based on the underlying cause of death. Here, in
addition to this method, we used a multiple cause
approach. The multiple cause of death for a specific
disease is defined if the disease is mentioned anywhere on the death certificate.5
Data were retrieved from national mortality databases using the coding rules of the International
Classification of Diseases (ICD) 10th revision.6,17
Supplementary Table S1 indicates the codes used
to select the number of annual deaths with MI,
HF, PE and LC as underlying or multiple causes
that corresponds to any disease mentioned in Parts
I and/or II (disease as underlying and/or as associated cause of death). Of note, the multiple
causes of death were not yet available for Canada
during the study period. In order to compute death
rates, resident populations were also obtained for
each country and year.
Age-specific mortality rates were computed for
each 5-year age group (from 0–4 to 80–84 and
above 85 years) and calendar year. Age-standardized death rates (SDR) per 100 000 population
were calculated using the direct standardization
method, on the basis of the Eurostat, European
standard population (Supplementary Table S2).
This standardization allows to control age when
comparing mortality rates among populations with
different age structures.16 These SDR were calculated per year for each country.
All-cause mortality similarly decreased in all four
countries over the last decade (Supplementary
Figure S1) at a rate of 2.06% per year (95% CI:
1.86–2.26%) and was similar among all studied
countries (P = 0.07). This corresponds to 11.1
deaths per 100 000 population per year. When considering the underlying cause of death, the four studied diseases (HF, MI, PE and LC) represent 16.6%
of all deaths in 2001. Of note ICD codes used to
retrieve the number of deaths were: I50 for HF, I21
for acute MI, C34 for malignant neoplasm of bronchus and lung and I26 for PE.
Measures of mortality include the number of
deaths, mean age at death and SDR for the total
population when analyzing the underlying cause

HF, MI and PE mortality over time
of death. When considering the multiple cause of
death, SDR were computed for the population of
the European countries. We also computed SDR
by gender and for two age categories (0–74 years,
575 years). These data were computed for each
disease in each country separately and for the total
study population.

Statistical analysis

Table 1 and Figure 1a show that the SDR for MI, HF
or PE as the underlying cause of death, all decreased
during the last decade, whereas LC remained stable.
The decrease in SDR secondary to MI as an underlying cause exceeded that for HF or PE [5.4% vs.
3.1% (P < 0.001) and 3.9% (P = 0.001) per year,
respectively]. The absolute decrease in SDR due to
MI (2.7 deaths/100 000/year) was 5- to 10-fold
greater than the decrease in SDR due to HF (0.5
deaths/100 000/year, P = 0.003) or PE (0.2 deaths/
100 000/year, P < 0.001) (Table 2).
Concerning multiple causes of death, a greater
decrease was also found in the SDR due to
MI (5% per year), compared with that of HF
(2.5% per year) or PE (2.4% per year),
(P < 0.001) (Figure 1b). The corresponding decrease
in the absolute number of deaths was 2900 for MI,
1900 for HF (P = 0.28) and 300 for PE
(P = 0.006). In 2009, the absolute number of
deaths due to HF were 2-fold greater than MI and
5-fold greater than PE. Figure 1d shows the mean
age at death from MI, HF and PE. Mean age of
death was 4 years more in HF as compared with
MI and PE over the study period. We observed a

Table 1 Age-adjusted death rate with diseases as underlying or multiple cause of death in 2001 and 2009 and death rates
evolution expressed in percentage from 2001 to 2009
Underlying cause

Myocardial infarction

Heart failure

Pulmonary embolism

Lung cancer

All cause mortality

England
France
Sweden
Canada
England
France
Sweden
Canada
England
France
Sweden
Canada
England
France
Sweden
Canada
England
France
Sweden
Canada

and Wales

and Wales

and Wales

and Wales

and Wales

Multiple cause

2001

2009

Evolution (%)

2001

2009

Evolution (%)

58.8
27.9
70.0
50.8
10.9
21.8
16.8
11.2
3.7
5.2
4.4
1.9
40.6
34.8
25.3
49.0
672.1
603.5
599.5
594.2

30.3
16.8
44.1
31.1
7.5
15.7
15.6
7.6
3.3
3.9
2.5
1.4
37.8
36.0
24.7
45.0
551.7
511.3
520.4
507.2

48.5
39.8
37
38.8
31.2
28.0
7.1
32.1
10.8
25.0
43.2
26.3
6.9
+3.4
2.4
8.2
17.9
15.3
13.2
14.6

64.2
35.3
79.2

34.8
22.3
51.4

45.8
36.8
35.1

70.9
71.5
89.1

49.7
54.8
85.3

29.9
23.4
4.3

15.4
15.8
10.7

13.7
11.9
9.2

11.0
24.7
14.0

43.1
37.9
26.6

40.3
39.2
26.1

6.5
+3.4
1.9

Age-adjusted death rates are given in number of deaths per 100 000 population.
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We compared SDR trends by disease, country, sex
and age at death using contingency tables.
Depending on the question, models including
year, gender, age category, country and their interaction were fitted. Association between mortality
rates and covariates were assessed using a partial
Wald test or maximum likelihood ratio tests. The
percentage of SDR increase or decrease was calculated considering the value in 2001 equal to 100 for
each category. Similar linear models were performed. Impact of year on age at death was evaluated using a linear model with a pathology
interaction. All tests were at the 0.05 level and are
two sided. All analyses were performed using R 2.15
(http://www.R-project.org).

Results

S. Laribi et al.

Table 2 Slopes and total percent decrease in age-adjusted death rates. Data are presented with the three cardiovascular
diseases as underlying or multiple causes of death
MI

Underlying cause
Multiple cause

HF

PE

Slope

Percent

Slope

P-value*

Percent

P-value*

Slope

P-value*

%

P-value*

2.7
2.9

5.4
5

0.5
1.9

0.003
0.28

3.1
2.5

<0.001
<0.001

0.2
0.3

<0.001
0.006

3.9
2.4

0.001
<0.001

*P-value when comparing slopes or total percent decrease with MI taken as a reference. Age-adjusted death rates are given
in number of deaths per 100 000 population.

parallel increase in the mean age at death for HF
and MI by an average of 1 year over the study period
(P = 0.15). For PE, however, the age at death was
stable over the study period (P < 0.0001).
LC, a leading cause of death in Canada and
Europe, had a similar SDR, as compared with MI,
in 2001. However, trends were markedly divergent,
being stable for LC as underlying (0.2% per year,
P = 0.5) or multiple cause (0.5% per year, P = 0.18).
Though the baseline values were different among
studied countries, the above mentioned death rate
decline was homogeneous for all countries in our
analysis
(Supplementary
Figure
S2
for

cardiovascular diseases as underlying cause of
death and Supplementary Figure S3 for multiple
causes of death).
Figure 2 exhibits SDR trends with HF, MI, PE and
LC as multiple causes of death by age category,
below and above 75 years and by gender. We
observed a near 40-fold difference in the absolute
levels of SDR for MI, HF, PE or LC as multiple causes
between <75 years and 575 years. Furthermore, the
decrease in SDR with MI or HF as multiple causes
was more pronounced in patients <75 years than
575 years (5.6%/year vs. 4.4%/year, P < 0.001
for MI, 3.6%/year vs. 2.1%/year, P = <0.001 for
Page 4 of 8
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Figure 1. Trends in death characteristics in recent years. (a) Age-standardized death rates with diseases as underlying cause
in the four studied countries considered as a whole. (b) Age-standardized death rates with diseases as multiple cause (i.e.
mentioned anywhere on the death certificate) in the three European countries considered as a whole, (c) number of deaths
with diseases as multiple cause in the three European countries considered as a whole and (d) mean age at death with each
disease as a multiple cause of death in the three European countries considered as a whole.

HF, MI and PE mortality over time

Table 3 Percentages of decrease in age-adjusted death rates

Underlying cause

Multiple cause

MI
HF
PE
MI
HF
PE

Men (%)

Women (percent)

P-value

<75 years (%)

575 years (%)

P value

5.3
3.3
4
5.1
2.8
2.2

5.3
3.3
4
5.1
2.6
2.2

0.81
0.92
0.98
0.91
0.64
0.95

5.2
2.7
4
5.6
3.6
2.2

5.3
2.8
4
4.4
2.1
2.3

0.73
0.06
0.31
<0.001
<0.001
0.67

Data are presented with the three cardiovascular diseases as underlying or multiple cause by age category and by gender.
P-value is calculated when comparing age categories or genders.
Age-adjusted death rates are given in number of deaths per 100 000 population.

HF). However, no difference was found as a function of age in SDR for PE as multiple cause, the
observed decrease was similar in the two age categories (2.2% and 2.3% per year, P = 0.67)
(Table 3).
Figure 2 also showed similar trends in SDR for the
three cardiovascular diseases between genders
(Table 3).
We then decided to calculate for each disease
and for the year 2009, the following ratio: number
of cases with disease coded as multiple causes
divided by the number of cases with disease
coded as underlying cause of death. Obtained results were for MI: 1.16 in England and Wales, 1.34

in France and 1.16 in Sweden; very similar to ratios
obtained for LC: 1.07 (E&W), 1.10 (F) and 1.06 (S).
Ratios were higher for HF: 5.99 (E&W), 3.35 (F) and
5.00 (S) and PE: 3.94 (E&W), 2.99 (F) and 3.61 (S).

Discussion
Our study is one of the first to compare recent trends
in cardiovascular deaths at a disease level in Canada
and Europe.18 We found that the percent decrease
in SDR, when taking 2001 as reference, with MI as
underlying or multiple causes was much greater
than that seen for HF or PE in the last decade for
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Figure 2. Age-adjusted death rates with diseases as multiple causes of death. By age category and by gender. (a) <75 yrs. (b)
575 yrs (c) Men and (d) Women.

S. Laribi et al.
with the general decrease of cardiovascular mortality in developed countries.27,28

Limitations
The use of mortality data in evaluating disease
burden has limitations. Mortality rate is an incomplete indicator of disease burden. Such indicators
depend on the quality of the medical certification
and the level of detail of the coding system, which is
not standardized across countries. The main potential issue is due to the reliability of death certification
and validity in various countries.16,29 Inaccuracies
in death certificates are potential limitations in the
interpretation of mortality trends. However, because
death is an objective endpoint ultimately reflective
on the quality of care delivery within a country, the
use of death certificates to assess outcomes is
common in various areas of medicine.30–32
Another limitation using death certificates in our
analysis is that it is purely descriptive, without any
mean to ascribe observed SDR trends to the evolution of the health care system. Death certificates are
increasingly used in research on cardiovascular diseases.33–35 Furthermore, no change in ICD version
occurred during the study period.
In summary, this study showed a continuous
decrease in mortality trends for three major cardiovascular diseases over the last decade, confirming,
at a disease level, the improvement of cardiovascular mortality in developed countries. This is especially true for MI in which large research and
delivery of care efforts have been made to include
the pivotal role of ED physicians in the very early
management (golden hours) and to speed up admission to the catheterization lab. However, improvement in HF and PE mortality is moderate compared
with the striking improvement in outcome in MI and
no change in mortality was seen in LC. Those results
urge medical community to maintain or even
increase efforts to cure those diseases.

Supplementary material
Supplementary material is available at QJMED
online.

Acknowledgements
Authors would like to thank the following persons
who helped for data collection: Claudia Wells,
Centre for Health Analysis and Life Events j Office
for National Statistics, England and Wales. Charlotte
Bjorkenstam, Socialstyrelsen, The National Board of
Health and Welfare, Sweden. S.L. and A.M. worked
Page 6 of 8

Downloaded from http://qjmed.oxfordjournals.org/ at centre de documentation medico pharmaceutique on May 19, 2014
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or multiple causes in each of the four studied countries in recent years. The improvement in SDR slope
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PE. This great improvement in MI mortality trends
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