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ABSTRACT

Objective: Cardiovascular diseases (CVD) are the leading cause of death in low-mortality countries, but
subpopulation level differences exist. This study assesses educational inequalities in CVD mortality by
sex in Spanish regions (2016-2021).
Method: Age-standardised mortality rates by sex, region and education were estimated using individual-
level mortality data from individuals aged >35 years residing in Spain provided by the Spanish National
Statistics Institute. The Relative and the Slope Indexes of Inequality (RIl and SII) were estimated to assess
educational inequalities.
Results: For the whole Spain, RII was 1.79 (IC95%: 1.42-2.26) for women and 1.59 (1C95%: 1.33-1.91) for
men, with differences across regions. The greatest inequalities were found in the Balearic and Canary
Islands, and the lowest in La Rioja.
Conclusions: Continued efforts monitoring and tackling cardiovascular morbidity and its determinants
are needed at the national and regional level to further contribute to reducing cardiovascular mortality
levels and inequalities therein.

© 2025 SESPAS. Published by Elsevier Espaia, S.L.U. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Desigualdades educativas en mortalidad por causa cardiovascular
en las regiones espaiiolas (2016-2021)

RESUMEN

Objetivo: Las enfermedades cardiovasculares (ECV) son la principal causa de muerte en los paises de baja
mortalidad, aunque presentan desigualdades entre subpoblaciones. Este estudio evalda desigualdades
educativas en mortalidad por ECV segtin el sexo en las regiones espafiolas (2016-2021).

Meétodo: Se estimaron tasas de mortalidad estandarizadas por edad, sexo, region y nivel educativo uti-
lizando datos individuales de mortalidad de individuos >35 afios residentes en Espafia, proporcionados
por el Instituto Nacional de Estadistica. Se estimaron los indices de desigualdad relativa y de pendiente
(RIl'y SII) para evaluar las desigualdades educativas.

Resultados: Para toda Espaiia, el RII fue de 1,79 (IC95%: 1,42-2,26) para las mujeres y de 1,59 (IC95%:
1,33-1,91) para los varones, observandose diferencias entre regiones. Las mayores desigualdades se
encontraron en las Islas Baleares y Canarias, y las menores en La Rioja.

Conclusiones: Es necesario continuar con los esfuerzos de seguimiento y abordaje de la morbilidad car-
diovascular y sus determinantes en los ambitos nacional y regional para seguir contribuyendo a reducir
los niveles de mortalidad por causa cardiovascular y sus desigualdades.

© 2025 SESPAS. Publicado por Elsevier Espana, S.L.U. Este es un articulo Open Access bajo la licencia
CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

parative studies suggested these mortality inequalities in Spain to
be smaller compared to other low-mortality countries.*”

Cardiovascular diseases (CVD) are the leading cause of death in
Europe,! with a disproportionate impact on lower socioeconomic
classes.? Over the last decade, cardiovascular mortality decline has
slowed in most low-mortality countries, including Spain.> Spain
represents a particularly interesting case to study cardiovascular
mortality patterns as it has one of the lowest levels of CVD mortality
in Europe.! Despite persistent socioeconomic inequalities,* ¢ com-

* Corresponding author.
E-mail address: eperez@ced.uab.cat (E. Pérez-Miguel).

https://doi.org/10.1016/j.gaceta.2025.102458

The scarce evidence on regional differences in CVD mortality
are limited to studies for Madrid, Barcelona and the Basque Coun-
try and suggest them to be at comparable levels to the aggregated
data of other Spanish regions for 2001-2008.° While these regions
have above average life expectancy levels,'? its findings might
not represent all existing inequalities. Beyond mortality, a recent
work studying well-established CVD risk factors, e.g. diabetes,
hypertension or smoking, found that socioeconomic inequalities
in cardiovascular risk factors vary across regions,'! which suggests
that regional disparities might also exist in socioeconomic inequal-
ities in CVD mortality.

0213-9111/© 2025 SESPAS. Published by Elsevier Espafia, S.L.U. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
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Autonomous Age-standardised  mortality .
) Inequalities
community group(95%Cl)
All  (95%Cl) Low RIl (95%Cl) Sl
1.87 (1.49-2.34) 238
Andalucia (4.47-4.54)
) 1.75 (1.31-235) 22
Murcia (3.96-4.11)
197 (1.51-257) 25
Extremadura (3.68-3.83)
Valencian 3.7 163 (1.26-2.12) 1.8
. (3.68-3.76)
Community
3.6 2.06 (1.63-2.59) 2.6
Canary Islands (3.62-3.75)
] 35 195 (1.46-261) 2.3
Balearic Islands (3.46-3.62)
) 3.4 152  (1.17-1.98) 1.4
Asturias (3.43-3.55)
. 3.3 1.79 (1.42-2.26) 1.9
Spain (3.31-3.33) | 3.7
- 819 1.62 (1.20-2.20) 1.6
Gallicia (3.26-3.34) 3.6
Castilla-La 3.2 166 (1.26-2.19) 1.6
(8.25-3.34) 8.5
Mancha
3.2 152 (1.12-2.07) 14
Aragon (3.22-3.33) | 8.6
o 3.1 120 (0.84-1.71) 0.6
La Rioja (3.00-3.23) 3.3
1.67 (1.30-2.14) 15
Catalonia (2.89-2.94) 3.2
156 (1.13-2.16) 1.3
Cantabria (2.79-2.94) 3.2
Castilla and 143 (1.07-1.93) 1.0
(2.80-2.87) 3.1
Leon
1.34 (0.97-1.84) 0.8
Basque Country (2.71-2.79) 8.0
153 (1.08-2.15) 1.1
Navarra (2.54-2.69) 2.9
) 146 (1.17-1.82) 1.0
Madrid (2.53-2.58) 2.8

Figure 1. Age standardised cardiovascular mortality rates (per 1000 persons-years), relative index of inequality and slope index of inequality by autonomous community
and educational level, ages 35+, Spain 2016-2021, women. 95%CI: 95% confidence interval; RII: relative index of inequality; SII: slope index of inequality.
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Autonomous . . . .
. Age-standardised mortality rates by educational group(95%CI) Inequalities
community
Medium-  Medium-
All (95%Cl) Low High RIl (95%Cl) Sl
low high

Andalucia - (5.75-5.84) - 5.7 5.4 4.8 159  (1.36-1.87) 2.7
Murcia 525 (5.14-5.35) 55 5.0 5.1 5.0 1.32 (1.08-1.62) 1.5
Asturias 521 (5.11-5.31) 6.1 5.0 4.7 4.5 1.59  (1.28-1.97) 2.4
Valencian 518 (5.13-5.24) 56 5.0 4.8 45 1.46  (1.21-1.76) 1.9
Community
Canary Islands | 5.05 @ (4.97-5.14) 545 53 4.6 3.9 1.77  (1.50-2.10) 2.8
Extremadura 5.08 (4.93-5.13) 54 4.7 4.9 4.3 1.41 (1.18-1.69) 1.7
Galicia 4.91 (4.85-4.97) 5.4 4.7 4.6 4.1 1.48 (1.18-1.85) 1.9
Balearic Islands | 4.91  (4.79-5.03) 5.6 5.0 4.0 3.6 1.98 (1.63-2.42) 3.2
Aragon 478 (4.69-4.87) 5.3 4.6 4.5 4.2 1.46 (1.19-1.78) 1.8
Spain 4.74 (4.73-4.76) 5.3 4.7 4.4 3.9 159 (1.33-1.91) 2.2
La Rioja 473 (4.55-4.91) 51 4.4 4.8 4.5 1.28 (0.97-1.70) 1.2
Cantabria 470 (4.57-4.84) 515 4.5 4.2 4.2 1.55 (1.26-1.91) 2.0
Basque Country | 4.54  (4.47-4.61) 5.0 4.6 4.5 3.9 1.48 (1.19-1.86) 1.8
Catalonia 438 (4.34-4.42) 4.8 4.5 4.2 3.8 1.46 (1.18-1.80) 1.6
Castilla-La 4.29 | (4.22-4.36) 4.6 41 4.0 85 137 (1.13-1.67) 1.4
Mancha
Castilla and | 424  (4.19-4.30) 4.7 4.2 4.0 3.7 1.42 (1.14-1.76) 1.5
Leon
Navarra 424  (4.11-4.36) 47 42 3.8 3.7 151  (1.21-1.89) 1.7
Madrid 3.65  (3.61-3.69) 4.0 3.8 3.6 3.2 1.47  (1.21-1.79) 1.4

Figure 2. Age standardised cardiovascular mortality rates (per 1000 persons-years), relative index of inequality and slope index of inequality by autonomous community
and educational level, ages 35+, Spain 2016-2021, men. 95%Cl: 95% confidence interval; RII: relative index of inequality; SII: slope index of inequality.

This study aims to enhance our understanding of CVD mortal-
ity patterns and socioeconomic inequalities therein in Spain by
estimating age-standardised mortality rates and relative and abso-
lute educational inequalities in cardiovascular mortality in Spanish
regions.

Method

We used individual-level mortality data from individuals
aged >35 years residing in Spain from 2016-2021 provided by
the Spanish National Statistics Institute, and the corresponding
education-specific mortality rates by age group, sex, and region
from the same source. This entailed a total of 711,351 CVD
deaths (coded as underlying causes 100-199 according to the Inter-
national Classification of Diseases 10™h Revision). The dataset
included educational attainment, which was grouped into four
educational groups: low (primary education or less; International
Standard Classification of Education [ISCED] 0-1), medium-low
(low secondary education; ISCED 2), medium-high (high secondary
education; ISCED 3-4) and high (tertiary or university education;
ISCED >5). Education was missing in 10,345 CVD deaths (1.5%).

These deaths were proportionally distributed across educational
groups according to the proportion of CVD deaths by education for
each combination of sex, age (5-year group).

The resulting dataset contained cause-specific death counts and
all-cause mortality rates for each group -being each group a combi-
nation of sex, age (5-year), education level, and region (autonomous
community). We estimated CVD mortality rates by multiplying all-
cause mortality rates with the proportion of CVD deaths within
all-cause deaths for each group. We standardized mortality rates
applying the direct standardisation approach and using the Spanish
population of 2019 as the reference population.

Relative educational inequalities were estimated using the rel-
ative index of inequality (RII). The RII was estimated using a
multivariate quasi-Poisson model adjusted by age to account for
overdispersion.'? This measure considers the relative position of
each educational group and can be interpreted as the mortality
rate ratio between those with low and high education.!® Absolute
educational inequalities were estimated using the slope index of
inequality (SII), which measures the rate differences between the
lowest and highest levels of education.'3
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By pulling together data across six years we increased the sta-
tistical power. In a sensitivity analysis we replicated our results
for the pre- and covid-periods (see Tables S1-S2 in Supplemen-
tary data), showing no variation in the ranking of regions and
providing robustness of our findings.

Results

The age-standardised CVD mortality rates in Spain 2016-2021
were 4.74 (95% confidence interval [95%CI]: 4.73-4.76) per 1000
person-year for men and 3.32 (95%CI: 3.31-3.33) per 1000 person-
year for women (Figures 1 and 2). For both sexes, Andalucia and
Murcia were the regions with the highest mortality rates (>5.24
for men and >4 for women), while Madrid and Navarra were the
regions with the lowest mortality rates (<4.25 for men and <2.63
for women).

In terms of educational inequalities, the heatmaps embodied in
Figures 1 and 2 suggest an educational gradient in CVD mortality
across most regions. For the whole country, the RIl was 1.59 (95%CI:
1.36-1.87) among men, and 1.79 (95%CI: 1.42-2.26) among women.
For both sexes, Canary and Balearic Islands were the regions with
the highest relative educational inequalities (RII >1.75 for men
and RII >1.90 for women alongside with Extremadura), while La
Rioja was the region with the smallest educational inequalities
(RII=1.28 [95%CI: 0.97-1.70] for men and RII=1.20 [95%CI: 0.84-
1.71] for women). In terms of absolute inequalities, the SIl was 2.2
among men, ranging from 1.2 in La Rioja to 3.2 in Balearic Islands.
Among women, the SII was 1.9, ranging from 0.6 in la Rioja to 2.8
in Andalucia.

Discussion

Educational inequalities in CVD mortality exists in nearly all
Spanish regions, although its magnitude differs across them. Inter-
estingly, our findings suggest that CVD mortality was lower for low
educated groups in a low mortality region (e.g. Madrid), compared
to high educated groups in a high mortality region (e.g. Andalucia
or Murcia).

While our findings on educational inequalities in CVD mortality
in Spain are consistent with previous studies,*>7-? the region-
specific analyses provided for the first time insights on the regional
heterogeneity. Inequalities are low in certain regions (e.g. La Rioja),
yet considerable in other regions (e.g. Balearic Islands and Canary
Islands). Furthermore, we have confirmed that the regions analysed
in previous studies —Madrid, Basque Country and Barcelona—*7-?
have among the lowest CVD mortality rates and inequalities across
the Spanish regions.

The variability in the magnitude of inequalities across regions
stems from the interaction between macro- and individual-level
factors. On the macro level, previous research has pointed out
at income inequalities as a driver of health inequalities across
regions.'# This may partly explain our finding of higher inequal-
ities in the Canary Islands and Balearic Islands, which have the
highest income inequalities.'> Furthermore, Spain’s decentralized
healthcare system leads to regional differences in health policies,
infrastructure, and resources, contributing to variations in mor-
tality outcomes and inequalities therein across regions.'® On the
individual-level, inequalities in CVD mortality across regions may
stem from unequal exposure to risk factors, particularly diabetes,
hypertension, and tobacco in males.!!

Our results suggest slightly higher inequalities in women com-
pared to men, and narrower sex differences as compared to
previous studies.”®? Potential explanations for the higher inequal-
ities observed in women compared to men have traditionally been
attributed to disparities in risk factors,>!! and particularly to obe-
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sity, hypertension and diabetes.!!"'” The narrowed gap found in this
study might suggest a trend towards reduced sex gaps in inequali-
ties in CVD risk factors, an underexplored population level issue.

The inequalities estimated in this study point at potential for
improvement in terms of ensuring equitable health outcomes for
all subpopulation groups, particularly in the regions with highest
inequalities. These programs should focus on ensuring equitable
healthcare access, improving service provision, and promoting
healthy lifestyles to reduce the burden of risk factors such as dia-
betes and hypertension.

This study is the first one assessing inequalities in CVD mor-
tality across all Spanish regions using high-quality register data.
Future studies should examine potential differences across educa-
tional groups and regions on the determinants by CVD type (e.g.
ischemic heart disease, stroke, hypertensive diseases).

Conclusions

Our findings reinforce the need of continued public health
efforts to reduce CVD mortality inequalities within and across
regions. Special focus tackling the determinants of CVD, for instance
health behaviours or equitable health care access, will contribute to
reduce CVD morbidity and mortality levels and inequalities therein.

Availability of databases and material for replication

Individual level mortality data by educational attainment were
obtained from the Spanish National Statistics Institute (INE). These
data are not publicy available but interested researchers have
the possibility to request access to the data by contacting INE
(www.ine.es). R codes used to generate all results can be requested
from the corresponding author.

Appendix. Supplementary data

Supplementary data associated with this article can be found
in the online version available at https://doi.org/10.1016/j.gaceta.
2025.102458.

Editor in charge

David Cantarero.

What is known about the topic?

Educational inequalities exist in cardiovascular mortality in
Spain and certain regions (Basque Country and Madrid).

What does this study add to the literature?

Educational inequalities are heterogeneous across regions
in Spain. The regions previously studied represent some of
the best performing regions. Therefore, previous studies might
have underestimated educational inequalities in Spain and its
regions. Canary and the Baleric Islands are the regions with
the highest educational inequalities, while La Rioja exhibits the
lowest inequalities.

What are the implications of the results?

Public health interventions are needed, particularly in the
regions with highest cardiovascular mortality rates, while
tailored policy focused on lower educational groups would
benefit regions with highest inequalities.
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