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Motivation and justification:

Socio-economic status (SES) constitutes a fundamental determinant of mortality and life 
expectancy: individuals with higher levels of SES live longer compared to those in more 
disadvantaged social groups (Mackenbach et al., 2018). This association appears to be universal 
and it has been documented across all European countries analysed, albeit with variation in the 
magnitude of inequalities: SES inequalities in mortality are smaller in the South and more 
pronounced in Eastern Europe (Mackenbach et al., 2008), as documented in Italy and Spain 
(South) (Trias-Llimós et al., 2023), or Poland, Lithuania and Estonia (Eastern) (Mackenbach, et 
al., 2019; OECD, 2022).

Two main approaches have been used to study the evolution of SES inequalities in mortality. 
The first focuses on mortality rates, initially relying on rate-ratios and rate-differences between 
the mortality rates of the highest and lowest SES groups, and later incorporated the Relative 
Index of Inequality (RII) and Slope Index of Inequality (SII), which allow intermediate 
educational categories to be included through Poisson regression models (Moreno-Betancur et 
al., 2015). Overall, these studies reported increases in relative SES inequalities in all-cause 
mortality and declines in absolute SES inequalities in all-cause mortality, which reflect larger 
percentual declines in mortality among higher-educated groups while smaller absolute 
reductions compared to those with lower education (de Gelder et al., 2017; Mackenbach et al., 
2016, 2018). The second approach examines differences in life expectancy between 
SES/educational groups and have reported overall increases in SES inequalities in life 
expectancy with important heterogeneity across countries: Educational inequalities in life 
expectancy have increased in the Nordic countries (Enroth et al., 2022; Zazueta-Borboa et al., 
2023), Belgium (Deboosere et al., 2009; Renard et al., 2019), Spain (Permanyer et al., 2018), 
England & Wales and among males in Italy (Turín) (Zazueta-Borboa et al., 2023). In contrast, 
declines in educational inequalities in life expectancy have been documented in Austria (Klotz, 
2010). Overall, these studies suggest that educational inequalities in life expectancy have 
evolved heterogeneously across European countries. However, cross-national comparability 
remains challenging due to differences in previous studies in mortality indicators, age and 
educational groupings, and the time periods analyzed.

Furthermore, the evolution of educational inequalities in life expectancy is shaped by age- and 
cause of death- specific mortality dynamics. While these dynamics vary across countries, 
regularities may reveal shared mechanisms driving the evolution of educational inequalities in 
life expectancy. Country- specific evidence has shown that the educational gap in life 
expectancy is primarily explained by the contribution of middle-age groups (± 40-60) (Jasilionis 
et al., 2007; Trias-Llimós et al., 2023). Given that a substantial share of deaths at these 
premature ages is avoidable, meaning that they can be averted by prevention or treatment, 
inequalities in mortality at these ages reflect unequal access to effective health care (Nolte & 
McKee, 2004), yielding important implications for health policies. As a result, when health care 
improvements reach lower educational groups, the younger age-groups play a crucial role in 
the evolution of educational inequalities in life expectancy (Zazueta-Borboa et al., 2023).



Regarding the role of specific causes of death, educational inequalities have been found in 
Europe in most major causes of death, including cancers (Vaccarella et al., 2023), 
cardiovascular diseases (CVDs) (Girolamo et al., 2020), diabetes (Espelt et al., 2013), COPD 
(Kulik et al., 2014). Regarding its evolution, mortality rates from cancer and CVDs have 
experienced decreases in across all educational groups. However, these have been more 
pronounced among higher educated groups, reducing absolute while widening relative 
educational inequalities in mortality (Girolamo et al., 2020; Vaccarella et al., 2023). Although 
patterns vary across European countries, comparative research has pointed out at ischemic 
heart disease and amenable causes as key drivers of reductions in absolute inequalities in 
mortality from 1990-2013, while certain cancers (such as breast cancer for females) have led to 
widening absolute inequalities (Mackenbach et al., 2019).

While previous research has focused on the role of main causes of death on educational all-
cause mortality inequalities over time using annualized mortality rates (Mackenbach et al. 
2019), evidence on absolute cause-specific contributions across time periods remains limited. 
Understanding these contributions is crucial for uncovering the age- and cause-specific 
mechanisms underlying inequalities, since the causes driving the gap may shift over time even 
when the overall magnitude of the gap remains unchanged. In this study, we focus on a single 
indicator, the gap in partial life expectancy (40-84) between the highest and lowest educational 
groups. To extend previous work, we analyse the contribution of detailed causes-of-death and 
age-groups at several points in time using decomposition methods, while also expanding the 
temporal coverage (1990-2019).

This approach enables us to address the following research questions: 1) How do age-groups 
and causes of death contribute to the educational gap in partial life expectancy (40-84) in 
2019?, 2) How have educational inequalities in partial life expectancy (40-84) in European 
countries evolved since 1990?, 3) Which age-groups have contributed to these changes over 
time?, and 4) Which causes have played a role in shaping these dynamics? 

Data and Methods

We used harmonized cause-specific mortality data by educational attainment spanning from 
the 1990s (or the first time point available) to 2019 (or the last time point available) for 14 
European populations (12 countries, 2 cities), representing different regions in Europe (North: 
Finland, Denmark, Norway, Sweden; West: Austria, Belgium, England and Wales, Switzerland; 
East: Poland, Lithuania, Estonia, Slovenia; South: Spain (Barcelona), Italy (Turin)). Most data 
were obtained from longitudinal mortality follow-up after a census with the exceptions of 
Spain (Barcelona) and Poland, which stem from cross-sectional studies. 

Educational attainment was measured by the highest level of education attained by a person, 
coded according to the International Standard Classification of Education (ISCED) in three 
categories: Low (ISCED 0-2), medium (ISCED 3-4) and high (ISCED 5+).

Mortality rates were estimated using 5-year age-groups and data pooled for several years. The 
periods covered and country-level availability are detailed in Table 1. Partial life expectancy was 
estimated from ages 40-44 to 80-84 using standard demographic approaches (Preston et al., 
2001). The gap in partial life expectancy resulted from the difference in life expectancy 
between the highest and lowest educational groups. This gap was decomposed by age-group 
and cause-of-death using the decomposition method developed by Arriaga (1984).



Table 1. Data sources used and years included by country

Preliminary results

Figure 1 shows the evolution of the educational gap in partial life expectancy (ages 40-84) from 
the 1990s to 2019. The educational gap in life expectancy has evolved differently across 
countries, although some regional patterns can be observed. Eastern European countries 
exhibited the largest educational gaps in partial life expectancy. In Lithuania, Poland and 
Slovenia (males), the gap has widened since the 1990s, whereas it has narrowed in Estonia and 
remained stable in Slovenia (females). In the Nordic countries, the gap has widened among 
females, as observed in all countries of the region. Among males, the gap has widened in 
Denmark, while stability has been observed in Finland, Norway, and Sweden. Southern 
European populations exhibited the narrowest educational gaps compared with the other 
regions, particularly among females. Over time, these gaps have remained stable at low levels, 
with only minor increases since the beginning of the period (specially Turin). Lastly, in Western 
European countries, educational gaps among males have generally narrowed, except for 
Belgium where the gap has remained stable. Among females, the gap has widened in Belgium 
and Czech Republic, remained stable in Austria, and narrowed in the United Kingdom and 
Wales.

Figure 1. Evolution of the educational gap in partial life expectancy by sex and country (ages 
40-84)

Region Country Design Inclusion Years Included

East

Estonia Longitudinal All 2000-05 2006-10 2012-15 2016-19
Lithuania Longitudinal All 2001-05 2006-09 2011-14 2015-19
Poland Cross-Sectional All 2001-03 2010-12
Slovenia Longitudinal All 1991-95 2002-06

North

Denmark Longitudinal All 1995-99 2000-04 2005-09 2010-14 2015-19
Finland Longitudinal All 1991-95 1996-00 2001-05 2006-10 2011-15 2016-19
Norway Longitudinal All 1990-95 1995-00 2001-06 2006-09
Sweden Longitudinal All 1990-94 1995-99 2000-04 2005-09 2010-14 2015-17

South
Barcelona (Spain) Cross-Sectional All 1992-96 1997-01 2002-06 2007-11 2012-16 2017-18
Turin (Italy) Longitudinal All 1991-96 1999-01 2001-06 2006-10 2011-15 2015-18

West

Austria Longitudinal All 1991-92 2001-02 2011-13 2013-15 2015-19
Belgium Longitudinal All 1991-97 2001-06 2006-11 2011-15 2016-17
Switzerland Longitudinal Swiss nationals 1990-95 1995-00 2001-05 2006-10 2011-14 2016-18
England &Wales Longitudinal 1% sample 1991-96 1996-01 2001-06 2006-11 2011-13



Regarding the contribution of age-groups to the educational gap in partial life expectancy, two 
general patterns can be observed across countries: First, the lowest contribution to the 
educational gap in life expectancy is consistently given by the oldest age group (70-84), a 
pattern that holds across countries, years, and sexes (except for minor deviations among 
females in Barcelona, Turín and England & Wales). Consequently, changes in the educational 
gap are primarily driven by changes in the contribution of the age-groups 40-49, 50-59 and 60-
69, with heterogeneity across countries. Second, even in the absence of changes in the 
educational gap over the years, the contribution to the educational gap has shifted towards 
younger ages, as it is the case for females in Austria, Slovenia, Switzerland or Barcelona (Spain).

Figure 2. Evolution of the contribution of age-groups to the gap in partial life expectancy (40-
84) between the highest and lowest educated group by country and sex.

Regarding the contribution of causes of death, we also observed certain patterns: First, the 
contribution of cardiovascular causes to the educational gap in partial life expectancy has 



decreased over time, regardless of the overall trend of the gap. This pattern is constant across 
countries and between sexes. The decline is largely driven by the declining contribution of 
ischaemic heart disease mortality, which remains the most important contributor to the 
educational gap among cardiovascular causes for most countries. Second, the contribution of 
cancers exhibits a pronounced sex difference. For males, the total contribution of cancers stays 
relatively stable over time, with minor fluctuations that generally followed the overall trend. 
For females, however, the contribution of cancers has increased in nearly all countries. Among 
cancers, lung cancer is the major contributor to these dynamics, showing the same sex-specific 
pattern over time. Further analyses by detailed causes of death are forthcoming.

Figure 3. Evolution of the contribution of causes of death to the gap in partial life expectancy 
(40-84) between the highest and lowest educated group by country and sex 



References

de Gelder, R., Menvielle, G., Costa, G., Kovács, K., Martikainen, P., Strand, B. H., & Mackenbach, 
J. P. (2017). Long-term trends of inequalities in mortality in 6 European countries. 
International Journal of Public Health, 62(1), 127–141. 
https://doi.org/10.1007/s00038-016-0922-9

Deboosere, P., Gadeyne, S., & Van Oyen, H. (2009). The 1991–2004 Evolution in Life Expectancy 
by Educational Level in Belgium Based on Linked Census and Population Register Data. 
European Journal of Population / Revue Européenne de Démographie, 25(2), 175–196. 
https://doi.org/10.1007/s10680-008-9167-5

Enroth, L., Jasilionis, D., Németh, L., Strand, B. H., Tanjung, I., Sundberg, L., Fors, S., Jylhä, M., & 
Brønnum-Hansen, H. (2022). Changes in socioeconomic differentials in old age life 
expectancy in four Nordic countries: The impact of educational expansion and 
education-specific mortality. European Journal of Ageing, 19(2), 161–173. 
https://doi.org/10.1007/s10433-022-00698-y

Espelt, A., Borrell, C., Palència, L., Goday, A., Spadea, T., Gnavi, R., Font-Ribera, L., & Kunst, A. E. 
(2013). Socioeconomic inequalities in the incidence and prevalence of type 2 diabetes 
mellitus in Europe. Gaceta Sanitaria, 27(6), 494–501. 
https://doi.org/10.1016/j.gaceta.2013.03.002

Girolamo, C. D., Nusselder, W. J., Bopp, M., Brønnum-Hansen, H., Costa, G., Kovács, K., Leinsalu, 
M., Martikainen, P., Pacelli, B., Valverde, J. R., & Mackenbach, J. P. (2020). Progress in 
reducing inequalities in cardiovascular disease mortality in Europe. Heart, 106(1), 40–
49. https://doi.org/10.1136/heartjnl-2019-315129

Jasilionis, D., Shkolnikov, V. M., Andreev, E. M., Jdanov, D. A., Ambrozaitiene, D., Stankuniene, 
V., Meslé, F., & Vallin, J. (2007). Sociocultural mortality differentials in Lithuania: Results 
obtained by matching vital records with the 2001 census data. Population, 62(4), 597–
646. https://doi.org/10.3917/popu.704.0707

Klotz, J. (2010). Convergence or divergence of educational disparities in mortality and 
morbidity? The evolution of life expectancy and health expectancy by educational 
attainment in Austria in 1981-2006. Vienna Yearbook of Population Research, 8, 139–
174.

Kulik, M. C., Menvielle, G., Eikemo, T. A., Bopp, M., Jasilionis, D., Kulhánová, I., Leinsalu, M., 
Martikainen, P., Östergren, O., Mackenbach, J. P., & for the EURO-GBD-SE Consortium. 
(2014). Educational Inequalities in Three Smoking-Related Causes of Death in 18 
European Populations. Nicotine & Tobacco Research, 16(5), 507–518. 
https://doi.org/10.1093/ntr/ntt175

Mackenbach, J. P., Kulhánová, I., Artnik, B., Bopp, M., Borrell, C., Clemens, T., Costa, G., Dibben, 
C., Kalediene, R., Lundberg, O., Martikainen, P., Menvielle, G., Östergren, O., 
Prochorskas, R., Rodríguez-Sanz, M., Strand, B. H., Looman, C. W. N., & Gelder, R. de. 
(2016). Changes in mortality inequalities over two decades: Register based study of 
European countries. BMJ, 353, i1732. https://doi.org/10.1136/bmj.i1732

Mackenbach, J. P., Rubio Valverde, J., Bopp, M., Brønnum-Hansen, H., Costa, G., Deboosere, P., 
Kalediene, R., Kovács, K., Leinsalu, M., Martikainen, P., Menvielle, G., Rodriguez-Sanz, 
M., & Nusselder, W. J. (2019). Progress against inequalities in mortality: Register-based 
study of 15 European countries between 1990 and 2015. European Journal of 
Epidemiology, 34(12), 1131–1142. https://doi.org/10.1007/s10654-019-00580-9

Mackenbach, J. P., Stirbu, I., Roskam, A.-J. R., Schaap, M. M., Menvielle, G., Leinsalu, M., Kunst, 
A. E., & European Union Working Group  on Socioeconomic Inequalities in Health. 
(2008). Socioeconomic inequalities in health in 22 European countries. The New 
England Journal of Medicine, 358(23), 2468–2481. 
https://doi.org/10.1056/NEJMsa0707519



Mackenbach, J. P., Valverde, J. R., Artnik, B., Bopp, M., Brønnum-Hansen, H., Deboosere, P., 
Kalediene, R., Kovács, K., Leinsalu, M., Martikainen, P., Menvielle, G., Regidor, E., 
Rychtaříková, J., Rodriguez-Sanz, M., Vineis, P., White, C., Wojtyniak, B., Hu, Y., & 
Nusselder, W. J. (2018). Trends in health inequalities in 27 European countries. 
Proceedings of the National Academy of Sciences, 115(25), 6440–6445. 
https://doi.org/10.1073/pnas.1800028115

Mackenbach, J. P., Valverde, J. R., Bopp, M., Brønnum-Hansen, H., Deboosere, P., Kalediene, R., 
Kovács, K., Leinsalu, M., Martikainen, P., Menvielle, G., Regidor, E., & Nusselder, W. J. 
(2019). Determinants of inequalities in life expectancy: An international comparative 
study of eight risk factors. The Lancet Public Health, 4(10), e529–e537. 
https://doi.org/10.1016/S2468-2667(19)30147-1

Moreno-Betancur, M., Latouche, A., Menvielle, G., Kunst, A. E., & Rey, G. (2015). Relative Index 
of Inequality and Slope Index of Inequality: A Structured Regression Framework for 
Estimation. Epidemiology, 26(4), 518. https://doi.org/10.1097/EDE.0000000000000311

Nolte, E., & McKee, M. (2004). Does health care save lives?: Avoidable mortality revisited. 
Nuffield Trust.

OECD. (2022, August 4). Educational inequalities in longevity among OECD countries around 
2016. OECD. https://www.oecd.org/en/publications/educational-inequalities-in-
longevity-among-oecd-countries-around-2016_5faaa751-en.html

Permanyer, I., Spijker, J., Blanes, A., & Renteria, E. (2018). Longevity and Lifespan Variation by 
Educational Attainment in Spain: 1960–2015. Demography, 55(6), 2045–2070. 
https://doi.org/10.1007/s13524-018-0718-z

Preston, S. H., Heuveine, P., & Guillot, M. (2001). Demography: Measuring and modeling 
population processes. (Oxford: Blackwell Publishers Ltd.).

Renard, F., Devleesschauwer, B., Van Oyen, H., Gadeyne, S., & Deboosere, P. (2019). Evolution 
of educational inequalities in life and health expectancies at 25 years in Belgium 
between 2001 and 2011: A census-based study. Archives of Public Health, 77(1), 6. 
https://doi.org/10.1186/s13690-019-0330-8

Trias-Llimós, S., Spijker, J. J. A., Blanes, A., & Permanyer, I. (2023). Age and cause-of-death 
contributions to educational inequalities in life expectancy and lifespan variation in a 
low-mortality country: A cross-sectional study of 1.67 million deaths in Spain (2016-
19). SSM - Population Health, 23, 101461. 
https://doi.org/10.1016/j.ssmph.2023.101461

Vaccarella, S., Georges, D., Bray, F., Ginsburg, O., Charvat, H., Martikainen, P., Brønnum-Hansen, 
H., Deboosere, P., Bopp, M., Leinsalu, M., Artnik, B., Lorenzoni, V., Vries, E. D., Marmot, 
M., Vineis, P., Mackenbach, J., & Nusselder, W. (2023). Socioeconomic inequalities in 
cancer mortality between and within countries in Europe: A population-based study. 
The Lancet Regional Health – Europe, 25. 
https://doi.org/10.1016/j.lanepe.2022.100551

Zazueta-Borboa, J. D., Martikainen, P., Aburto, J. M., Costa, G., Peltonen, R., Zengarini, N., Sizer, 
A., Kunst, A. E., & Janssen, F. (2023). Reversals in past long-term trends in educational 
inequalities in life expectancy for selected European countries. J Epidemiol Community 
Health, 77(7), 421–429. https://doi.org/10.1136/jech-2023-220385


	Motivation and justification:
	Data and Methods

