Document downloaded from http://www.revespcardiol.org, day 27/05/2019. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

Rev Esp Cardiol. 2015;68(11):968–975

Original article

Disability-adjusted Life Years Lost to Ischemic Heart Disease in Spain
Nerea Fernández de Larrea-Baz,a,* Consuelo Morant-Ginestar,b Ferrán Catalá-López,c
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ABSTRACT

Introduction and objectives: The health indicator disability-adjusted life years combines the fatal and
nonfatal consequences of a disease in a single measure. The aim of this study was to evaluate the burden
of ischemic heart disease in 2008 in Spain by calculating disability-adjusted life years.
Methods: The years of life lost due to premature death were calculated using the ischemic heart disease
deaths by age and sex recorded in the Spanish National Institute of Statistics and the life-table in the
2010 Global Burden of Disease study. The years lived with disability, calculated for acute coronary
syndrome, stable angina, and ischemic heart failure, used hospital discharge data and information from
population studies. Disability weights were taken from the 2010 Global Burden of Disease study. We
calculated crude and age standardized rates (European Standard Population). Univariate sensitivity
analyses were performed.
Results: In 2008, 539 570 disability-adjusted life years were lost due to ischemic heart disease in Spain
(crude rate, 11.8/1000 population; standardized, 8.6/1000). Of the total years lost, 96% were due to
premature death and 4% due to disability. Among the years lost due to disability, heart failure accounted
for 83%, stable angina 15%, and acute coronary syndrome 2%. In the sensitivity analysis, weighting by age
was the factor that changed the results to the greatest degree.
Conclusions: Ischemic heart disease continues to have a huge impact on the health of our population,
mainly because of premature death. The results of this study provide an overall vision of the
epidemiologic situation in Spain and could serve as the basis for evaluating interventions targeting the
acute and chronic manifestations of cardiac ischemia.
ß 2014 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.

Años de vida ajustados por discapacidad perdidos por cardiopatı́a isquémica en
España
RESUMEN

Palabras clave:
Años de vida ajustados por discapacidad
Carga de enfermedad
Isquemia miocárdica

Introducción y objetivos: Los años de vida ajustados por discapacidad aúnan en una medida consecuencias
mortales y no mortales de las enfermedades. El objetivo fue cuantiﬁcar la carga de enfermedad de la
cardiopatı́a isquémica en España en 2008 mediante el cálculo de años de vida ajustados por
discapacidad.
Métodos: Años perdidos por muerte prematura calculados a partir de defunciones por cardiopatı́a
isquémica por edad y sexo del Instituto Nacional de Estadı́stica y tabla de vida del estudio de carga global
de enfermedad 2010. Años vividos con discapacidad calculados para el sı́ndrome coronario agudo, la
angina estable y la insuﬁciencia cardiaca isquémica, con datos del registro de altas hospitalarias y de
estudios poblacionales, y pesos de discapacidad del estudio de carga global de enfermedad 2010. Se
calcularon tasas brutas y estandarizadas por edad (población estándar europea). Se realizaron análisis de
sensibilidad univariantes.
Resultados: En 2008 se perdieron en España 539.570 años de vida ajustados por discapacidad por
cardiopatı́a isquémica (tasa bruta: 11,8/1.000; estandarizada: 8,6/1.000). El 96% correspondı́a a años
perdidos por muerte prematura y el 4% por discapacidad. De estos últimos, el 83% por insuﬁciencia
cardiaca, el 15% por angina estable y el 2% por sı́ndrome coronario agudo. En el análisis de sensibilidad, el
factor que más modiﬁcó los resultados fue la ponderación por edad.

* Corresponding author: Monforte de Lemos 5, Pabellón 12, 28029 Madrid, Spain.
E-mail address: nfernandez@isciii.es (N. Fernández de Larrea-Baz).
http://dx.doi.org/10.1016/j.rec.2014.11.024
1885-5857/ß 2014 Sociedad Española de Cardiologı́a. Published by Elsevier España, S.L.U. All rights reserved.
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Conclusiones: La cardiopatı́a isquémica sigue teniendo un gran impacto en la salud de la población,
principalmente por mortalidad prematura. Los resultados aportan una visión global de la situación
epidemiológica y pueden servir para evaluar intervenciones sobre las manifestaciones agudas y crónicas
de la isquemia cardiaca.
ß 2014 Sociedad Española de Cardiologı́a. Publicado por Elsevier España, S.L.U. Todos los derechos reservados.

Abbreviations
ACS: acute coronary syndrome
DALY: disability-adjusted life year
GBD: global burden of disease
YLD: year lived with disability
YLL: year of life lost due to premature death

INTRODUCTION
Ischemic heart disease has a major impact on the health of a
population, stemming from its acute manifestation, acute coronary
syndrome (ACS),1 and chronic manifestations, such as angina and
heart failure. These latter forms can develop as sequelae following
1 or various episodes of ACS or be the only clinical expression of the
disease.
The disability-adjusted life year (DALY) is a synthetic health
indicator used to measure the burden of disease in a population. It
provides information on the fatal and nonfatal consequences of
diseases and injuries, and their associated risk factors.2 This
indicator, which is expressed as the number of years of healthy life
lost, has been used to describe the epidemiologic situation in
various countries and regions,3 and to estimate the impact of
different interventions on the population.4–6
According to data from a previous exploratory study, 4.7
DALYs per 1000 individuals in Spain (6.5 in men and 2.8 in
women) were lost in 2008 due to ischemic heart disease. This
condition accounts for 4.2% of the total disease burden in our
country, and is the third leading speciﬁc cause of DALY loss after
depression and dementia.7 Calculation of DALY in the exploratory study was performed by an indirect method,2 using mortality
data from Spain and morbidity data from the WHO (World Health
Organization) for the Euro-A region.8 Euro-A includes countries
with widely varying ischemic heart disease-related epidemiology, such as Finland, which has a standardized mortality rate
of more than 191 deaths per 100 000 men and 101 per
100 000 women, and France and Spain, with rates of less than
95 and 45 deaths per 100 000 men and women, respectively.9
These differences underscore the importance of using local
epidemiologic data to obtain estimations that are more in
keeping with the reality of each country. The aim of the present
study was to describe the burden of ischemic heart disease in
Spain for 2008, through the use of DALY values calculated from
national data.

METHODS
Disease burden measured in DALYs is the sum of 2 components:
the years of life lost (YLLs) due to premature death and the years
lived with disability (YLDs). To include the health loss caused by
the different manifestations of ischemic heart disease, 3 health
states were established, based on the disease model used in the
2010 Global Burden of Disease (GBD) study10: ACS (acute

myocardial infarction and unstable angina), stable angina, and
heart failure.
Calculation of Years of Life Lost Due to Premature Death
The overall year of life lost was the sum of the years of life lost
per each death due to ischemic heart disease, calculated as the
difference between the age of the person at death and the life
expectancy at that age taken from the standard life-table reported
in the GBD 2010 study.11
Data related to the population and cause-speciﬁc mortality
were from the Spanish National Institute of Statistics. Deaths
with the ICD-10 codes I20 to I25 were selected. Deaths attributed
to poorly deﬁned codes were reassigned following the methods
used in the original GBD study,2 with the exception of heart
failure (code I50). This was retained as a speciﬁc cause, and a
percentage of the deaths due to heart failure was reassigned to
ischemic heart disease based on the epidemiology of Spain. For
this purpose, we used data from the GALICAP study, in which
36.8% of heart failure cases in men and 26.6% in women had an
ischemic etiology.12
Calculation of Years Lived With Disability
The number of YLDs due to ischemic heart disease was
estimated by multiplying the number of incident cases of each
health state (ACS, stable angina, and ischemic heart failure) by the
average duration of the health state, and by an assigned weighting
factor that reﬂected the severity of the disability associated with
the health state. To obtain the information required, we
preferentially searched population studies carried out in Spain
around the year 2008 that provided data by sex and age groups.
Acute Coronary Syndrome
Various publications were identiﬁed containing data on the
incidence of acute myocardial infarction obtained from population registries.13–24 However, most of these studies focused on
speciﬁc regions of Spain or covered incident cases from the 1990s,
before troponin analysis was routinely used in the diagnosis of
acute myocardial infarction. Because of these limitations, we
decided to draw on the information in the Spanish Registry of
Hospital Discharges (Minimum Basic Data Set),25 which has been
used in several studies on acute myocardial infarction.26–29
Episodes were selected in which the main diagnosis was coded as
410, 411.1, 411.81 or 411.89 (ICD-9MC). The duration of the ACS
episode was set at 28 days, following the model used in the GBD
2010 study.30
Stable Angina
The only nationwide prevalence study on stable angina
identiﬁed31 presented data from 1995 to 1996, which were not
considered sufﬁciently representative of the epidemiologic situation in 2008. Therefore, data from the Minimum Basic Data Set
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were again used (episodes with the main diagnosis coded as
ICD-9MC 413, 414.00, or 414.01). The disease model contemplated
3 levels of angina severity (mild, moderate, and severe), and
assigned different disability weights to each. The distribution of
prevalent cases among the severity levels was taken from the
AVANCE registry.32

Sensitivity Analysis
The calculations were performed in 8 scenarios that differed
from the base case in 1 or more of the following parameters: lifetable,11 discount rate, age weighting, disability weighting,8,34,37
and prevalence of heart failure. The GesMor software package was
used for the calculations.

Heart Failure
The prevalence data for heart failure were drawn from the
PRICE study.33 The YLD calculation only included the percentage of
cases attributable to cardiac ischemia, which was taken from the
etiologic distribution reported in the GALICAP study (36.8% in men
and 26.6% in women).12 The heart failure model contemplated
4 levels of severity, according to the New York Heart Association
classiﬁcation. The distribution of prevalent cases among these
levels was taken from the GALICAP study.12
Disability Weights Applied, Social Values and Calculation of Rates
The disability weights applied to each health state were taken
from GBD 2010.34 The data used are summarized in Table 1. No
discount factors or weighting by age were applied. The crude YLL,
YLD, and DALY rates by age groups and sex, and the DALY rates
adjusted to the Standard European Population were calculated
using the direct method.

RESULTS
In 2008, 539 570 DALYs were lost in Spain due to ischemic heart
disease (358 230 in men and 181 340 in women). The crude DALY
rate per 1000 inhabitants was 11.8 (15.9 in men and 7.9 in women)
and the adjusted rate was 8.6 (13.4 in men and 4.3 in women). YLLs
accounted for 96% of this disease burden (97% in men and 95% in
women), with no signiﬁcant differences between the age groups
(Figure 1).
Inclusion of the percentage of deaths coded as heart failure
attributable to an ischemic cause in the YLL calculation implied a
10.7% increase in the number of YLLs due to ischemic heart disease.
The percentage of YLLs resulting from inclusion of these deaths
was higher in women than in men in all the age groups and
increased with age, reaching 20% in men and 24% in women in the
group aged 85 years and older (Figure 1).
Ischemic heart failure accounted for 83% of the YLDs
(18 184 YLDs), stable angina 15% (3291), and ACS 2% (445). The

Table 1
Information Sources and Aggregate Data for Each of the Parameters Used to Calculate Disability-adjusted Life Years in Spain in 2008
Parameter

Information source

Estimation

Deaths due to ischemic heart disease

INE35 anonymized microdata ﬁle

36 717 + 6241 (from deaths coded with the poorly-deﬁned code
I50 – heart failure)a

Population

Population estimations
published by the INE36 for 2008

45 593 385

Annual incidence of ACS episodes

MBDS, 200825

52 378 episodes of AMI + 18 361 of unstable angina

Duration of ACS episode

GBD study, 201030

28 daysb

25

Prevalence of stable angina episodes in 2008

MBDS, 2008

47 232

Distribution of stable angina by severity

AVANCE study32

36% mild, 51% moderate, and 14% severe

Prevalence of heart failure

PRICE study33

1 255 750 persons (391 900 attributed to ischemic HF, according to
etiologic distribution observed in the GALICAP12 study)

Distribution of HF by etiology

GALICAP study12

31.5% ischemic, 35.8% hypertensive, 24.5% valvular, and 8.2% others

Distribution of HF by severity

GALICAP study12

18.5% asymptomatic, 48% mild, 28.7% moderate, and 4.8% severe

Disability weightsc

GBD study, 201034

ACS ﬁrst 2 days, 0.422d
ACS next 26 days, 0.056d
Mild angina, 0.037
Moderate angina, 0.066
Severe angina, 0.167
Mild HF, 0.037
Moderate HF, 0.07
Severe HF, 0.186

ACS, acute coronary syndrome; AMI, acute myocardial infarction; GBD, global burden of disease; HF, heart failure; INE, Instituto Nacional de Estadı´stica (Spanish National
Institute of Statistics); MBDS, Minimum Basic Data Set.
a
With regard to mortality coding, the code for heart failure (ICD-10 I50) is considered a poorly-deﬁned code. Hence, one should always seek the condition that led to heart
failure and establish that condition as the underlying cause of death. Nonetheless, this information is not always available, and a large number of deaths are coded as I50. In
2008 in Spain, there were 20 969 of these cases, of which 6241 were included in the calculation of YLL in the present study. This number corresponds to 36.8% and 26.6% of
deaths assigned to code I50 in men and women, respectively, older than 45 years (taken from the percentages of heart failure cases classiﬁed as having an ischemic etiology in
the GALICAP12 study).
b
The duration of the acute coronary episode was set at 28 days, in keeping with the value in the GBD 2010 study. Starting with the MONICA study, most epidemiologic
population studies, as well as global and regional studies on disease burden, have used the limit of 28 days to establish the lethality of the acute phase of ACS. The disease
model assumes that after the ﬁrst 28 days, disability only occurs when sequelae develop (angina or heart failure), for which the burden of disease was calculated separately.
c
Range of possible values from 0 to 1, from the least to the most severe disability. The disability weights in the GBD 2010 study were obtained using an international
population survey, carried out by personal interviews at the patient’s home, telephone contact, or information sent through the web site. The participants had to indicate
which of 2 hypothetical patients in different health states they considered had better health. The online survey additionally contained questions asking whether the beneﬁts
attained in the population secondary to different health interventions were equivalent. The results of the survey were analyzed by statistical methods to obtain a disability
weight for each of the health states considered.
d
The GBD 2010 study was the ﬁrst to differentiate the ﬁrst 2 days after the acute coronary episode from subsequent days, by assigning these 2 days a higher disability
weight.
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Figure 1. Weight of each of the components of the burden of ischemic heart disease in persons older than 45 years, by age group and sex: Spain 2008. The numbers
in the lower part of each bar represent the percentage of years of life lost due to premature death among deaths assigned the code 150 with respect to the total
number of years of life lost in each age- and sex-speciﬁc group (for further details on how these deaths were incorporated in the calculation of years of life lost due to
premature death, see the ‘‘Methods’’ section). ACS, acute coronary syndrome; HF, heart failure; M, men; W, women; YLDs, years lived with disability; YLLs, years of
life lost due to premature death.

relative disability weight secondary to angina was greater in men
than in women in all the age groups, and decreased starting at age
75 to 79 years, at which time the weight assigned to heart failure
began to increase. The number of YLLs and YLDs lost to ischemic
heart disease are shown in Table 2 by age and sex.
The number of DALYs lost gradually increased with age in
both sexes, although the increase was faster from young ages
in men. In the group younger than 65 years, 43% of DALYs
corresponded to men and 15% to women. A decrease in
DALYs was observed after the age of 80 years in men, whereas
the progressive increase was maintained in all the age groups in
women (Figure 2). Crude DALY rates increased with advancing
age in both sexes, except in men aged 85 years and older. The
crude DALY rate was higher in men than in women in all the age
groups, at a ratio of 2.0. The greatest difference was seen in the
50- to 54-year-old group, with a man:woman ratio of 7.3, and
the minimum was in the group 85 years and older, with a ratio
of 1.2.
In the sensitivity analysis (Figure 3), the individual parameter
with the greatest impact on the overall calculation of DALYs due
to ischemic heart disease was weighting by age (scenario 3), with
44% fewer DALYs than in the base case. Scenario 5, in which
parameters recommended by the WHO before the GBD
2010 study38 were applied (Princeton modiﬁed model life-table
West level 26, and age weighting, discount rate, and disability
weighting from 2004), yielded 54% fewer DALYs than the base
case (63% fewer YLLs and 146% more YLDs). After applying the
disability weights from the GDB 2004 study and maintaining
the remaining parameters (scenario 6), the number of YLDs
increased by more than 250% and the number of DALYs by 11%.
The impact of the heart failure prevalence data on the total of
DALYs due to ischemic heart disease was found to be 2% above or
below that of the base case, depending on whether the upper
or lower limit of the conﬁdence interval was used for the
prevalence.

DISCUSSION
The results of this study provide a detailed description of the
burden of disease attributable to ischemic heart disease in Spain in
terms of mortality and disability, using data from studies and
information sources from the same country and taking into
account both acute episodes and chronic expressions of the
disease. Year of life lost due to premature death accounted for more
than 90% of the total DALYs due to ischemic heart disease. In the
YLL calculation, inclusion of deaths assigned the code I50, heart
failure, which is considered a poorly deﬁned code, increased the
YLL value by 11% and the DALY value by 10%. This increase was
particularly evident in women (17%) and in the older age groups
(29% in patients aged 85 years and older).
The disability component made a substantially smaller
contribution than premature death, but in absolute terms, it
was also found to have a relevant impact on the health of the
population. This was mainly seen for the disability associated with
ischemic heart failure: 0.4 YLD/1000 inhabitants and 2.3 YLD/1000
persons older than 75 years).
The distribution of DALYs by age, in which 6% of the total was in
persons younger than 45 years and 28% in those aged 45 to
65 years, underscores the importance of primary preventive
measures for cardiovascular disease even in the younger population. In parallel, given the sustained increase in the burden of
disease with increasing age, these measures, supplemented with
secondary and tertiary prevention measures, should be adapted to
each population group and maintained up to older ages.
The sensitivity analysis showed that application of the
methodology used in the GBD 2010 study yielded a larger number
of YLLs and YLDs for ischemic heart disease than if previous
proposals from the WHO had been applied. These differences
highlight the importance of explicitly describing the parameters
and assumptions used in the DALY calculations to enable
comparisons of results between studies.
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Table 2
Number of Years of Life Lost due to Premature Death and Years Lived With Disability for Each of the Ischemic Heart Disease Health States, by Age Groups and Sex.
Spain, 2008
Groups by age, y, and sex

YLL

YLD
ACS

Stable angina

Ischemic heart failure

Men
0

0

0

0

15-19

225

0

0

0

20-24

699

0

0

0

25-29

1 315

0

1

0

30-34

3969

2

4

0

35-39

6861

5

15

0

40-44

14 423

12

59

0

45-49

22 883

19

124

358

50-54

28 591

26

190

306

55-59

32 793

31

280

1524

60-64

37 814

36

352

1385

65-69

35 413

32

334

1051

70-74

45 987

40

404

973

75-79

50 590

43

357

1842

80-84

39 377

33

179

1182

85+

25 229

21

64

774

346 169

300

2365

9395

0-14

87

0

0

0

15-19

73

0

0

0

20-24

275

0

0

0

25-29

63

0

0

0

30-34

1063

0

1

0

35-39

1351

1

3

0

40-44

2309

2

11

0

45-49

3431

3

26

255

50-54

3800

5

40

223

55-59

5192

6

57

597

60-64

8239

10

95

560

65-69

11 167

12

121

1140
1146

0-14

Total*
Women

70-74

20 558

20

191

75-79

31 821

28

202

2012

80-84

38 101

29

120

1515

85+
Total*

43 948

30

57

1341

171 479

145

926

8789

ACS, acute coronary syndrome; YLD, years lived with disability; YLL, years of life lost due to premature death.
*
The total of each column does not coincide exactly with the sum of the values shown because the values for each age and sex group have been rounded out.

The crude DALY rate of the base case (11.8/1000) used is
lower than the value reported for the United Kingdom in 2010
(23.5/1000).39 The results obtained in scenario 5 of the sensitivity
analysis enable comparison with studies that applied the
previous WHO recommendations: The crude DALY rate for
ischemic heart disease was 8.6 cases/10008 in the WHO Euro-A
region in 2004 and 20.0 cases/1000 in Serbia in 200040; both of
these values are higher than the rate in our study (5.4). The DALY
rate adjusted to the European Standard Population was 16.3
cases/1000 in Serbia and 4.2 in our study. These ﬁndings are
consistent with the lower mortality due to cardiovascular disease
observed in Spain relative to that of several other European
countries.
Although cardiovascular diseases are among the most widely
researched pathologies, the availability and quality of the

information required to calculate DALYs are limited. With regard
to the mortality data, a considerable percentage of deaths are
assigned to poorly deﬁned codes, among them, the code for heart
failure.41 In an effort to provide a complete estimation of DALYs
due to ischemic heart disease, we identiﬁed deaths assigned to
code I50 and attributed a percentage of them to ischemic heart
disease. The percentage to be applied was estimated from data
reported in a clinical study, as we found no mortality studies that
provided this information. Thus, the contribution of heart failure
may have been overestimated.
Another potential limitation is related to the availability of
updated data on the incidence and prevalence of stable angina.42
Use of the Spanish Minimum Basic Data Set as the source for the
prevalence of stable angina may have led to underestimation of
the related YLDs because cases that were never hospitalized would
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not have been included. Nonetheless, we believe that the
magnitude of this difference would not be very large in terms of
YLD, since cases that go undetected would be mild ones, and would
be assigned a low disability weight. A relatively simple way to
obtain data on the prevalence of stable angina in Spain would be

to include the complete Rose questionnaire in the National Health
Survey.
As to heart failure, one of the main limitations in the studies
identiﬁed was the lack of information on etiology and levels of
severity broken down by age and sex. In this regard, the actual
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differences by sex and age might be larger than those reﬂected in
our results, since we applied the same distribution by etiology and
severity in all the age groups.

CONCLUSIONS
Despite signiﬁcant advances in ACS treatment and the
knowledge acquired on cardiovascular risk factors and their
control, ischemic heart disease continues to have a major impact
on the health of our population, particularly in terms of mortality.
These results signal the need to enhance primary preventive
measures, as well as secondary prevention and treatment for ACS
and its chronic sequelae, especially heart failure.
This study underscores the need to strengthen and promote
epidemiological research in ischemic heart disease. National
population studies that take into account factors such as age and
sex will provide accurate data on the epidemiology of angina and
heart failure, and more detailed and updated data on the
epidemiology of ischemic heart disease in its various manifestations.
The ﬁndings presented here could be used as the basis to study
the cost-effectiveness of preventive or therapeutic interventions,
to estimate the burden of disease attributable to cardiovascular
risk factors, to analyze changes in the burden of ischemic
heart disease over time or compare this burden with that of other
diseases, and to help establish priorities in interventions to
improve the health of our population.
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of ischaemic heart disease and acute myocardial infarction in a Spanish
population: observational prospective study in a primary-care setting. BMC
Public Health. 2006;6:38.
17. Instituto de Salud Pública de Navarra. Incidencia, letalidad y tratamiento del
infarto agudo de miocardio en Navarra, 2003-2004. Pamplona (Spain): Instituto
de Salud Pública de Navarra; 2007, Informative Bulletin n8 45.
18. Marrugat J, Subirana I, Comı́n E, Cabezas C, Vila J, Elosua R, et al. Validity of an
adaptation of the Framingham cardiovascular risk function: the VERIFICA
Study. J Epidemiol Community Health. 2007;61:40–7.
19. Merino J, Planas A, De Moner A, Gasol A, Contreras C, Marrugat J, et al. The
association of peripheral arterial occlusive disease with major coronary events
in a Mediterranean population with low coronary heart disease incidence. Eur J
Vasc Endovasc Surg. 2008;36:71–6.
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