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Summaries 

Abstract 

Population health is the product of a dynamic interaction between individual, 

social, and environmental factors, spanning from the microcosm of the family to 

the macrocosm of the country, and evolving across the life course. Early-life 

exposures, like parental socioeconomic conditions and educational opportunities, 

set the stage for health trajectories across the life course. As one progresses 

through life, the impact of broader societal factors, such as socio-environmental 

conditions or healthcare policies, also play a role in shaping health trajectories. 

Understanding this multifaceted process is key for addressing and mitigating 

health inequalities, which typically take decades to develop and manifest as 

differential morbidity and mortality in later life. However, it is still not clear, first, 

in what way these different factors – parental influences, individual educational 

opportunities, and socio-environmental conditions – exactly interact to affect 

health in later life, and second, what the magnitude of this effect is. Therefore, 

this thesis aims to assess the interplay between socioeconomic trajectories, 

specifically intergenerational educational trajectories, and inequalities in 

multimorbidity and mortality from a life course perspective. This objective is 

divided over four aims, presented in four chapters.  

In Chapter 4, we report a scoping review that investigates the association between 

life course socioeconomic conditions (SEC) and later-life multimorbidity. We assess 

to which extent this association supports different life course causal models: 

critical period, sensitive period, accumulation, pathway, or social mobility model. 

We find that SEC in early life could have an effect on multimorbidity, attenuated 

at least partly by SEC in adulthood, which is consistent with the sensitive period 

and the pathway models.  

In Chapters 5 and 6, we assess the effect of intergenerational educational 

trajectories on inequalities in multimorbidity (Chapter 5) and longevity (Chapter 

6). In both studies, we find that individuals with low educational attainment 

experience greater health inequalities, regardless of their parental education. In 

Chapter 5, we assess whether inequalities in multimorbidity are different between 

men and women and find that, when exposed to low individual education, women 

experienced larger inequalities, though supplementary analyses suggest that these 

differences could be due to higher health-seeking behaviors in women. In Chapter 

6, we assess whether inequalities in longevity are mitigated by higher investments 

into social expenditures by the country of residence, and observe that inequalities 

are not diminished by higher spending.  

Finally, in Chapter 7, we describe how life course epidemiology changes the way 

the etiology of chronic diseases is understood, taking the examples of 

hypertension, breast cancer, and dementia. For all three chronic diseases, life 

course research has identified risk factors across the life course, from fetal 

exposure to undernutrition, to health-detrimental behaviors, or socioeconomic 
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disadvantage. The origins of many chronic diseases can now be traced back to 

early life, opening the door to intervention strategies that target specific times 

during the life course in order to reduce (multi)morbidities, and increase life 

expectancy. 

In conclusion, in this thesis we examine the interplay between socioeconomic 

trajectories and health in later life. Our findings suggest that early life sets the 

foundations for life-long health trajectories, but that these trajectories can be 

changed with the right interventions. Ultimately, this thesis underscores the 

importance of considering the entire life course when examining health inequalities 

in later life, which highlights the need for public health to target not only the 

individual but also the societal factors that perpetuate health inequalities, within 

and across generations.  
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Zusammenfassung 

Die Gesundheit der Bevölkerung ist das Ergebnis einer dynamischen 

Wechselwirkung zwischen individuellen, sozialen und umweltbedingten Faktoren, 

die sich vom Mikrokosmos der Familie bis zum Makrokosmos des Landes erstreckt 

und sich über den gesamten Lebensverlauf hinweg entwickelt. Einflüsse am 

Lebensanfang, wie die sozioökonomischen Bedingungen der Eltern und die 

erfahrenen Bildungschancen, bilden die Grundlage für den Gesundheitsverlauf im 

Laufe des Lebens. Mit zunehmendem Lebensalter spielen auch die Auswirkungen 

weiterreichender gesellschaftlicher Faktoren, wie z. B. sozioökonomische 

Bedingungen oder gesundheitspolitische Massnahmen, eine Rolle bei der 

Entwicklung des Gesundheitsverlaufs. Das Verständnis dieses facettenreichen 

Prozesses ist von entscheidender Bedeutung, um gesundheitliche Ungleichheiten 

zu bekämpfen bzw. zu mildern, die sich in der Regel erst über Jahrzehnte 

entwickeln und sich in Form von ungleicher Morbidität und Mortalität im späteren 

Leben ausdrücken. Es ist jedoch immer noch nicht klar, erstens, auf welche Weise 

diese verschiedenen Faktoren - elterliche Einflüsse, individuelle Bildungschancen 

und sozioökonomische Bedingungen - exakt zusammenwirken, um die Gesundheit 

im späteren Leben zu beeinflussen, und zweitens, wie stark deren Auswirkungen 

sind. Ziel dieser Arbeit ist es daher, die Interaktion zwischen sozioökonomischen 

Lebensläufen, spezifisch generationsübergreifenden Bildungsverläufen, und 

Ungleichheiten bei Multimorbidität und Mortalität aus einer 

Lebensverlaufsperspektive zu untersuchen. Dieses Ziel ist in vier Unterziele 

unterteilt, die in vier Kapiteln vorgestellt werden. 

In Kapitel 4 präsentieren wir eine Übersichtsstudie, die den Zusammenhang 

zwischen sozioökonomischen Bedingungen im Lebensverlauf («socioeconomic 

conditions», SEC) und Multimorbidität im späteren Leben untersucht. Wir prüfen, 

inwieweit dieser Zusammenhang verschiedene kausale Wirkungsmodelle im 

Hinblick auf den Lebensverlauf bestätigt: das Modell der kritischen Phase, der 

sensiblen Phase, der Akkumulierung, der Wirkungskette oder das Modell der 

sozialen Mobilität. Wir kamen zu dem Ergebnis, dass SEC im frühen Leben einen 

Einfluss auf die Multimorbidität haben könnten, der zumindest teilweise durch SEC 

im Erwachsenenalter abgeschwächt wird, was mit den Modellen der sensiblen 

Phase und der Wirkungskette übereinstimmt. 

In den Kapiteln 5 und 6 untersuchen wir die Auswirkungen des 

generationsübergreifenden Bildungsverlaufs auf Ungleichheiten in der 

Multimorbidität (Kapitel 5) und der Lebenserwartung (Kapitel 6). In beiden Studien 

stellen wir fest, dass Personen mit niedrigem Bildungsniveau grössere 

gesundheitliche Ungleichheiten erfahren, unabhängig vom Bildungsgrad der 

Eltern. In Kapitel 5 prüfen wir, ob diese Ungleichheiten in der Multimorbidität 

zwischen Männern und Frauen variieren, und kommen zum Ergebnis, dass Frauen 

mit niedrigem Bildungsniveau grössere Ungleichheiten als Männer erfahren, 

obwohl Zusatzanalysen darauf hindeuten, dass diese Unterschiede auf ein anderes 

Gesundheitsverhalten bei Frauen zurückzuführen sein könnten. In Kapitel 6 

untersuchen wir, ob Ungleichheiten in der Lebenserwartung durch höhere 

Investitionen in die Sozialausgaben des Heimatlandes abgemildert werden, und 
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können feststellen, dass die Ungleichheiten durch höhere Ausgaben nicht 

verringert werden. 

In Kapitel 7 schliesslich beschreiben wir am Beispiel von Bluthochdruck, Brustkrebs 

und Demenz, wie die Lebensverlaufsepidemiologie das Wissen über die Entstehung 

chronischer Krankheiten beeinflusst hat. Für alle drei chronischen Krankheiten hat 

die Fachrichtung Risikofaktoren über den gesamten Lebensverlauf hinweg 

identifiziert, von der fetalen Unterernährung über gesundheitsschädliche 

Verhaltensmuster bis hin zur sozioökonomischen Benachteiligung. Die Ursprünge 

vieler chronischer Krankheiten lassen sich heute bis in die frühen Lebensjahre 

zurückverfolgen, was den Weg für Interventionsmassnahmen ebnet, die auf 

spezifische Zeiträume im Lebensverlauf zugeschnitten sind und so die 

(Multi)Morbidität verringern und die Lebenserwartung erhöhen können. 

Zusammenfassend lässt sich sagen, dass wir in dieser Arbeit die Wechselwirkung 

zwischen sozioökonomischen Werdegängen und Gesundheit im späteren Leben 

untersucht haben. Unsere Ergebnisse deuten darauf hin, dass die Grundlagen für 

den lebenslangen Gesundheitsverlauf in der frühen Kindheit gelegt werden, und 

dass diese Entwicklung mit den richtigen Massnahmen verändert werden kann. 

Letztlich betont diese Arbeit, wie wichtig es ist, bei der Untersuchung 

gesundheitlicher Ungleichheiten im späteren Leben den gesamten Lebensverlauf 

zu berücksichtigen. Dies unterstreicht, dass die öffentliche Gesundheit nicht nur 

das Individuum ins Visier nehmen sollte, sondern auch die gesellschaftlichen 

Faktoren, die gesundheitliche Ungleichheiten innerhalb und zwischen den 

Generationen aufrechterhalten.  
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Chapter 1 | Introduction 
 

Life course epidemiology 

Life course epidemiology is the study of health and disease across the human life 

course, starting from gestation, to childhood, adolescence, and into adulthood and 

later life (Kuh & Shlomo, 2004). It is interested in the long-term biological, 

sociological, and behavioral processes that shape disease risk in later life (Figure 

1) and draws from a range of disciplines, including genetics, psychology, sociology, 

public health, and different fields of epidemiology. Its origins stem from growing 

interest in the “long arm of childhood”, i.e., the far-reaching effects of childhood 

exposures on later-life health, from an epidemiological as well as a sociological 

perspective (Elder, 2018; Hayward & Gorman, 2004). One example is the – 

sometimes contentious (Almond & Currie, 2011; Paneth & Susser, 1995) – Barker 

hypothesis that states that some adult chronic diseases, such as diabetes or 

hypertension, can partially be explained by fetal nutrition, as fetal exposure to 

limited nutrients changes the developing body’s physiology and metabolism in a 

way that the effects can still be observed decades later, in mid and later life 

(Barker, 1997).  

 

Figure 1  | Conceptual framework for a life-course approach to health. This figure 

was adapted from Aboderin et al. (2002).  
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A common way to conceptualize life course research is based on five basic 

principles (Elder Jr & Shanahan, 2006). First, life-span development: human 

development and ageing are lifelong processes not restricted to specific life stages. 

Second, agency: people have the capability to take actions and make choices that 

shape their lives, within the constraints of environmental, social, and historical 

contexts. Third, time and place: every individual life course is embedded within 

and influenced by its specific historical time and place. Fourth, timing: the same 

events, behaviors and policies can have different effects depending on when they 

happen in the life course. And fifth, linked lives: people do not experience life 

alone, but influence each other through shared interdependent relationships. 

A fundamental aspect of life course epidemiological research is the utilization of 

longitudinal data (Ben-Shlomo et al., 2016). Data sources can include (birth) 

cohorts, population-based cross-sectional studies, health records, and databases, 

ideally collecting information on health, social, economic, and environmental 

factors. The advancement of life course epidemiology has also been facilitated by 

the collection of biomarkers, such as proteins and metabolites, that allow a better 

understanding of the biological mechanisms linking exposures and diseases across 

the life course (Kivimäki et al., 2021; Sudlow et al., 2015). Analyses in life course 

epidemiology often integrate statistical techniques like event history analysis (Wu, 

2003), growth curve modeling (Macmillan & Furstenberg, 2016), sequence 

analysis (Aisenbrey & Fasang, 2010), and multi-study analysis (Zuber et al., 

2023), allowing researchers to assess the independent and combined effects of 

early life and later life influences (Mayer, 2009). Ultimately, the goal is to identify 

underlying causal pathways as well as critical or sensitive periods for intervention 

to reduce the burden of disease in the population.  

While life course epidemiology can offer many insights, it also presents its share 

of challenges and limitations. One notable challenge is the need for high-quality 

longitudinal data, which can be time-consuming and costly to collect. Retrospective 

recall bias can affect the accuracy of historical information, particularly in studies 

that rely on self-reported data (Berney & Blane, 1997). Additionally, attrition and 

loss to follow-up in long-term cohort studies can introduce selection bias and 

hinder the generalizability of findings (Ioannidis, 2005). Researchers also 

encounter difficulties in establishing causality when studying associations between 

life course exposures and outcomes due to the complexity of long-term causal 

pathways (Moore & Brand, 2016) and time-varying exposures (Power et al., 2023).  

Despite these challenges, knowledge gained from life course epidemiology is 

increasingly implemented in public health. The life course is a fundamental idea in 

the World Health Organization’s (WHO) world report on ageing and health (WHO, 

2015), is featured in the United Nation’s Sustainable Development Goal 3, to 

“ensure healthy lives and promote well-being for all at all ages” (UN, 2020), and 

is a key concept in the Lancet Commission on hypertension’s call to action for a 

life course strategy to address the global burden of hypertension (Olsen et al., 

2016). What these initiatives have in common is that they aim to identify 
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underlying and far-reaching risk factors for disease development in order to 

address the root causes of health disparities. Life course epidemiology has far-

reaching implications for improving the well-being of populations, from enhancing 

maternal (Orchard et al., 2023) and child health (Cusick & Georgieff, 2016), most 

notably in the first 1,000 days of life (Darling et al., 2020), to tackling chronic 

diseases (Ben-Shlomo & Kuh, 2002) and promoting healthy ageing (Kuh et al., 

2013). It underscores the importance of targeted interventions and offers a more 

comprehensive view of health that goes beyond singular life periods. As public 

health initiatives increasingly embrace a life course perspective, they should 

become better equipped to address the challenges of an ageing population affected 

by a high burden of chronic non-communicable diseases.  

 

 

Social inequalities in health 

The study of social inequalities in health centers on the examination of differential 

health outcomes among social groups, driven by disparities in factors such as 

income, education, race, and gender (Bartley, 2016). These inequalities manifest 

as differences in disease burdens, mortality rates, and access to healthcare 

services. For example, people with low educational attainment are more likely to 

become multimorbid (Pathirana & Jackson, 2018), have lower self-rated health 

(Furnée et al., 2008), and die earlier (Mackenbach et al., 2019) compared to those 

with higher education. Health inequalities have been described as “systematic, 

socially produced (and therefore modifiable) and unfair” by the WHO, recognizing 

that many health outcomes are not random but the product of a life-long exposure 

to unequal socioeconomic contexts (Matheson et al., 2020; Whitehead & Dahlgren, 

2006).  

The term “inequalities”, also “disparities”, therefore, is used to describe differences 

due to risk factors that can and should be modified, whereas health “variations” 

can be used to describe differences with less of a value judgment. Health inequality 

is also distinct from health inequity that describes whether health services reflect 

health needs, i.e., how fairly health services are distributed across different groups 

of people (Shaw et al., 2007). Health equity means paying special attention to 

those at greatest risk of poor health, based on the ethical viewpoint that health-

sustaining resources are not a commodity but a human right, the “right to health”, 

and should therefore be distributed in a way that everyone has the same chances 

at achieving good health (Braveman, 2014). Nevertheless, it is important to keep 

in mind that these definitions are not standardized and sometimes used 

interchangeably (Braveman, 2006).  

There are different ways to measure social inequalities in health, both on the 

absolute and relative scale. Absolute measures, such as rate or risk differences, 

quantify the absolute gap in health outcomes between social groups. These 
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measures provide a more tangible assessment of inequalities that can be better 

indices of public health importance (Shaw et al., 2007). For example, one study 

assessing the absolute differences in male mortality from smoking between high 

and low social strata found a mean absolute difference of 19%, concluding that 

“widespread cessation of smoking could eventually halve the absolute differences 

between these social strata in the risk of premature death” (Jha et al., 2006). On 

the other hand, relative measures, including risk or hazard ratios, offer a relative 

perspective, focusing on proportionate disparities. These ratios express how many 

times higher or lower the health risk is for one group compared to another, allowing 

for a more nuanced interpretation of the magnitude of inequalities. For example, 

in a European comparison between high and low socioeconomic status (education, 

occupation) between 1990 and 2010, absolute inequalities in self-rated health 

remained stable, while relative inequalities increased (Hu et al., 2016).  

The distinction between relative and absolute measures of social inequalities is 

important. It is often argued that relative risks are better indices of etiological 

effects, therefore more interesting to epidemiological studies, whereas absolute 

differences are more useful for public health interventions. This might explain why 

a review of 344 articles on health inequalities found that 88% reported a relative 

measure, 9% reported an absolute measure, and only 2% reported both (King et 

al., 2012). Experimental studies have shown that relative risk measures often lead 

to an overestimation of the efficacy of a particular treatment, thus affecting 

decision making (Forrow et al., 1992; Malenka et al., 1993). Absolute and relative 

inequalities sometimes also paint a different picture of whether health 

improvements have been made, as seen in the example above where absolute 

inequalities remained stable, but relative inequalities have increased. Thus, care 

should be taken when choosing how to report inequalities. For this thesis, as we 

are aiming to produce evidence useful for public health interventions, we are 

reporting absolute risk measurements (Chapters 5 and 6).  

 

Intergenerational inequalities in health 

Social inequalities in health are not limited to one lifetime, but can track 

intergenerationally (Hoke & McDade, 2014; Willson & Shuey, 2019). These 

inequalities are the result of a transmission of health advantages or disadvantages 

from one generation to the next, be it due to genetics, socioeconomic status, or 

shared environmental influences (Ahlburg, 1998; Bygren, 2013). For example, 

studies suggest that maternal economic disadvantage in the prenatal period leads 

to worse newborn health through poor health behaviors, exposure to harmful 

environmental factors, worse maternal health, and limited access to medical care 

(Aizer & Currie, 2014). A related but distinct concept is that of intergenerational 

social mobility which refers to the relationship between the socioeconomic status 

of parents and the status of their children (Causa & Johansson, 2009); this concept 

is discussed in more details in Chapters 4 to 7 and applied in Chapters 5 and 6.  
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There are multiple pathways that explain the intergenerational transmission of 

health. Firstly, there is a genetic component that makes individuals of the same 

family more likely to experience similar health outcomes (Thompson, 2014). 

Secondly, childhood and adolescence are time periods of strong social influence 

that establish health behaviors similar to that of the surrounding social network, 

i.e., family and peers (Perez-Felkner, 2013). Simply put, if parents smoke, 

consume alcohol, and never exercise, their offspring is likely to follow the same 

behaviors. Lastly, the social theory of cumulative dis/advantage states that 

advantages tend to lead to more advantages in the future, or “success breeds 

success”, and this also holds true across generations (Dannefer, 2003). Highly 

educated parents tend to raise highly educated children (Schuck & Steiber, 2018), 

wealth can be directly transferred to the next generation via inheritance, and 

strong social networks make it easier to establish even more helpful connections 

(Cullati et al., 2018). This theory can also be applied to health outcomes; for 

example, poor childhood health makes poor health in mid-life more likely, which 

in turn raises the risk of subsequent health limitations and premature mortality 

(Blackwell et al., 2001; Hayward & Gorman, 2004).  

 

 

Figure 2  | The eco-social perspective on health. This figure was reproduced from 

Ceasar et al. (2020). 

The intergenerational transmission of health inequalities can be stopped with the 

right public health interventions. To do so, it is crucial to recognize that these 

disparities are not solely a result of individual choices or behaviors but are deeply 

rooted in systemic, structural, and environmental factors (Krieger, 2001; Krieger 

& Davey Smith, 2004). The eco-social perspective on health (Figure 2) recognizes 

that individuals are embedded within multiple social circles, i.e., families, peers, 

neighborhoods, cities, countries, and each circle has an influence on health on a 

personal and population level (Krieger, 1994; Shultz et al., 2021). To break the 

intergenerational transmission of health inequalities, policies can target different 

eco-social levels across the life course. A helpful guideline here is the theory of 
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resource substitution which states that socioeconomic resources, like education, 

power, or wealth, can substitute for one another should one be lacking (Ross & 

Mirowsky, 2011). This means that the right interventions, like promoting high 

individual education in those with poorly educated parents, can help overcome 

health disadvantages due to family backgrounds. Such interventions can have 

long-lasting benefits that extend towards younger and older family members and 

can ensure that health advantages, rather than disadvantages, are passed on to 

future generations. 

 

 

Mortality  

Mortality is a fundamental measure of population health. Life expectancy at birth, 

i.e., the number of years a person can expect to live, has risen almost universally 

across the globe over the last decades, mostly due to a reduction in child mortality 

and mortality due to infectious diseases (Wang et al., 2016). The leading cause of 

death worldwide are now non-communicable diseases, mainly driven by 

cardiovascular diseases and cancer (Figure 3) (Roser, 2021). What makes 

mortality interesting as a public health target is that death cannot be prevented. 

Instead, interventions may focus on delaying death, improving quality of life 

leading up to death, or reducing inequalities in death.  

While life expectancies have continuously improved, from 61.7 years in 1980 to 

71.8 years in 2015, inequalities in life expectancies persist (Dugravot et al., 2020; 

Marmot et al., 1991; Wang et al., 2016). Individuals with high educational 

attainment (Mackenbach et al., 2019), higher occupational class (Stringhini et al., 

2017), and higher wealth (Demakakos et al., 2016) regularly outlive their less 

advantaged peers. For example, Mackenbach et al. (2019) found that the gap 

between life expectancies of low and high educated individuals was 2.3 (95% 

confidence intervals (CI): 2.2 to 2.6) to 8.2 (95% CI: 8.0 to 8.4) years among 

men and 0.6 (95% CI: 0.5 to 0.6) to 4.5 (95% CI: 4.2 to 4.7) years among women, 

depending on the country of residence. Not only that, but some countries, like 

England or the United States, experience a worsening of social inequalities in life 

expectancies (Bennett et al., 2018; Bosworth, 2018). Aiming to explain how social 

inequalities raise mortality risk, one study in the UK reported that low 

socioeconomic status increases the risk of multimorbidity, frailty, and disability, 

but does not affect mortality risk after the onset of these adverse health conditions 

(Dugravot et al., 2020). This indicates that socioeconomic factors might not have 

a direct effect on mortality, but work indirectly through intermediary health 

outcomes across the life course. 
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Figure 3  | Causes of death globally in 2019. This figure was reproduced from 

Roser (2021).  

In Europe, the situation is complex. Mackenbach et al. (2016) assessed changes 

in social inequalities in mortality, comparing low and high socioeconomic groups 

(education, occupational class), between 1990 and 2010 in 11 European countries. 

They found that all-cause mortality declined among both low and high 

socioeconomic groups in most European countries. Relative inequalities (rate 

ratios) in mortality, however, widened in almost all countries, due to a smaller 

percentage decline in mortality in lower socioeconomic groups. Conversely, 

absolute inequalities (rate differences) narrowed by up to 35%, due to a smaller 

absolute decline in mortality in higher socioeconomic groups. The same result was 

observed for premature mortality (Mackenbach et al., 2015). Interestingly, the 

improvements in absolute inequalities did not differ depending on whether 

countries had employed national strategies targeting health inequalities, 

suggesting these improvements were most likely a byproduct of population-wide 

behavioral changes and improvements in disease prevention and treatment 

overall.  

Taking these findings together, they suggest that while mortality trends have 

generally improved over the last decades, social inequalities in mortality persist, 

but potentially with differing patterns depending on whether one assesses them 

on the relative or absolute scale. One possible way for public health to address and 
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reduce social inequalities in mortality is wide-scale primary prevention, i.e., the 

prevention of the development of diseases in the first place (Gillman, 2015; Kaplan 

& Lynch, 1999). Individual risk factors need to be contextualized within 

socioeconomic structures that give differential access to health-protective 

resources, such as knowledge, money, or beneficial social connections, and thus 

determine which people are put “at risk of risks” (Link & Phelan, 1995; Phelan et 

al., 2010). Possible ways to achieve that could be a reduction of resource 

inequalities in the first place, or the development of interventions that benefit 

individuals irrespective of their own resources or behaviors, for example 

mandating salt (NaCl) reductions in food production rather than advising 

consumers to reduce their salt intake (Phelan et al., 2010). Ultimately, the aim 

should be to continuously improve mortality trends, while also distributing that 

health more equally.  

 

 

Multimorbidity 

Multimorbidity, also sometimes referred to as comorbidity, is the co-occurrence of 

two or more chronic diseases in the same person. It poses a challenge to 

individuals and health care systems alike since multimorbid patients are more 

likely to be admitted to hospitals, have a lower health-related quality of life, and 

die prematurely compared to those with singular or no chronic diseases (Menotti 

et al., 2001; Vogeli et al., 2007). Multimorbidity becomes more prevalent as people 

age (Figure 4) which poses a problem for societies facing an ageing population 

(Barnett et al., 2012). The findings of the most recent Global Burden of Disease 

Study (GBD) show that people are living longer, but with more diseases and 

increased disability, making multimorbidity a major public health challenge of the 

future (Atun, 2015; Vos et al., 2020).  

While the definition of the co-occurrence of minimum two chronic diseases in the 

same person is the most common definition of multimorbidity, much discourse 

around this topic exists. For one, the terms “multimorbidity” and “comorbidity” are 

sometimes used interchangeably, despite the latter more correctly referring to the 

co-occurrence of multiple diseases with one main index disease at the center 

(Valderas et al., 2009). Some studies define multimorbidity as three or more 

diseases, most often in the form of “complex multimorbidity”, the co-occurrence 

of three or more chronic conditions affecting three or more different body systems 

within one person (Harrison et al., 2014). There have also been suggestions to 

make multimorbidity more relevant for clinical work, namely by adding disease 

severity and symptoms into the definition (Willadsen et al., 2016). Other concepts 

often mentioned in this context are the Charlson Comorbidities Index (CCI), which 

considers 17 comorbidities and weighs them from 1 to 6 on their mortality risk and 

disease severity (Roffman et al., 2016), or the Index of Coexisting Disease (ICED) 
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that measures the severity of 14 chronic diseases and the resulting functional 

limitations (Diederichs et al., 2011).  

 

Figure 4 | Number of chronic disorders by age group in a Scottish patient 

population of 1,751,841 individuals. This figure was reproduced from Barnett et al. 

(2012). 

The biggest challenge in homogenously defining multimorbidity, however, lies in 

the question of which and how many chronic diseases to consider. A systematic 

review including 163 articles on multimorbidity definitions has found a range of 4 

to 147 different conditions considered (Willadsen et al., 2016). Most studies used 

diseases, i.e., diagnosed conditions, but others also included risk factors, e.g., 

hypertension or obesity (Agborsangaya et al., 2012), or symptoms, e.g., back pain 

or dizziness (Aarts et al., 2011). Unsurprisingly, multimorbidity prevalence can 

vary widely between studies, making it unclear whether these differences are due 

to actual differences between populations and study settings, or whether they are 

due to different definitions and conditions considered (Fortin et al., 2012).   

As a result, capturing the global burden of multimorbidity is challenging. One meta-

analysis of 70 observational studies across 49 countries gives a pooled 

multimorbidity prevalence of 33.1% (95% confidence intervals (CI): 30.0 to 36.3) 

in the general population (Nguyen et al., 2019). Within those studies, prevalence 

ranged in high-income countries from 3.5% (Hong Kong) to 70% (Russia), and in 

low- and middle-income countries from 1% (India) to 90% (China). Another meta-

analysis, based on 126 studies and including nearly 15.4 million people, finds 

similar results with a global multimorbidity prevalence of 37.2% (95% CI: 34.9 to 
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39.4) (Chowdhury et al., 2023). Other consistent findings are that multimorbidity 

risk is higher in socioeconomically disadvantaged (low education, low income) 

(Barnett et al., 2012; Salisbury et al., 2011) as well as older individuals (Barnett 

et al., 2012; Fortin et al., 2012). However, even though age is the strongest driver 

of multimorbidity, more people under the age of 65 are afflicted with 

multimorbidity than those over 65 in absolute numbers, partially because more 

people in the general population are in that age group (Skou et al., 2022). This 

highlights that multimorbidity is not an exclusively geriatric disease, but a public 

health burden that affects all age groups.  

In order to tackle this burden, two key aims emerge: one, shifting treatment 

paradigms from a singular-disease to a multi-disease perspective, and two, 

preventing the development of chronic diseases and thus multimorbidity in the 

first place. Regarding the treatment of multimorbid patients, many health care 

systems still employ a singular-disease perspective, often leading to a 

fragmentation of care over different medical specializations as well as to 

polypharmacy, the simultaneous and prolonged prescription of multiple drugs in 

one patient (Calderón-Larrañaga et al., 2012). A health care system recognizing 

the needs of multimorbid patients could coordinate treatments, be mindful of how 

different diseases interact, and focus on patients’ overall well-being (Salisbury, 

2012). Regarding prevention, life course epidemiology has made it clear that the 

origin of many chronic diseases can be traced back to early life. It is most effective, 

thus, to prevent the emergence of risk factors in the first place, such as health-

detrimental behaviors, hypertension, or obesity, by acting early in life (Skou et al., 

2022). Ideally, prevention and improved treatment should go hand-in-hand in 

order to reduce the burden of multimorbidity in the population and improve the 

quality of life of those afflicted by it.  

 

 

Summary 

At the heart of this thesis is a life course epidemiological perspective which is 

interested in the long-term processes that determine health in later life. Early life 

plays a key role in establishing patterns and setting trajectories that can, at least 

partially, explain health outcomes later in life. These trajectories are influenced by 

many factors, including socioeconomic factors like education or occupation, that 

result in social gradients in health where more advantaged individuals regularly 

experience better health outcomes than their less advantaged peers. Most 

importantly, many of these factors are modifiable, meaning if their link to health 

is better understood, they can be intervened on to improve population health.   

What is still unclear is how life-course socioeconomic trajectories exactly interact 

to affect health in later life and what the magnitude of the effect of this interaction 

on inequalities in mortality and multimorbidity is. Therefore, we aim to examine 
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how these social inequalities in health are linked to the life course at a population 

level, focusing particularly on the intergenerational transmission of health via 

educational attainment, since this exposure is a widely used indicator of 

socioeconomic position and can potentially be modified via social policies. For that, 

we have chosen the outcomes of mortality and multimorbidity, since they are 

comprehensive markers of overall population health. Throughout this work we aim 

to keep the link between life course epidemiological research and public health and 

hope that by doing so, we can not only deepen our understanding of social 

inequalities in health, but also create actionable evidence for a healthier and more 

equitable society.  
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Chapter 2 | Objectives 
 

The overarching objective of the research presented in this thesis is to assess the 

link between socioeconomic trajectories and inequalities in multimorbidity and 

mortality from a life course perspective. This objective is divided into four aims, 

each with their own research questions. The fourth aim is a more exploratory work 

that, besides answering the questions below, aims to place the three preceding 

studies into a wider context and to discuss the implications of life course research 

for public health.   

 

Aim 1 | Scoping review on the effect of life course socioeconomic 

trajectories on multimorbidity (Chapter 4) 

• What is the available evidence on the association between socioeconomic 

trajectories throughout the life course and multimorbidity in later life? 

• Which life course models and frameworks are supported by the empirical 

studies included in the scoping review? 

 

Aim 2 | Assessment of the effect of intergenerational educational 

trajectories on multimorbidity in later life (Chapter 5) 

• What is the role of parental and individual education in shaping 

intergenerational inequalities in multimorbidity? 

• Do these inequalities differ by sex? 

 

Aim 3 | Assessment of the effect of intergenerational educational 

trajectories on mortality in later life (Chapter 6) 

• What is the role of parental and individual education in shaping 

intergenerational inequalities in longevity? 

• Does country-level social net expenditure of the country of residence 

mitigate these inequalities? 

 

Aim 4 | Review on the implications of life course epidemiology for 

public health (Chapter 7) 

• How does life course epidemiology change the way the etiology of chronic 

diseases is understood? 

• How can life course epidemiology inform population-based, high-risk, and 

vulnerable-population preventive strategies? 
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Chapter 3 | Methodology 
 

This chapter gives a general overview of methods and data sources relevant to the 

research presented in this thesis. More detailed methods are described in each 

study. The SHARE cohort has been chosen as the data source for Chapters 5 and 

6 since it offers the necessary information needed to answer the research 

questions introduced in Chapter 2. It is a multi-country cohort with data on 

childhood (e.g., childhood health, used as a confounder in Chapter 5), parental 

education (part of the exposure in Chapters 5 and 6), as well as multimorbidity 

and mortality in later life (outcomes of Chapters 5 and 6, respectively). Since the 

underlying research questions are causal in nature, we performed causal inference 

using this observational data. Finally, the framework of scoping reviews provided 

the best way to collect and synthesize the studies presented in Chapters 4 and 7 

due to the open-ended nature of their research questions.    

   

SHARE cohort 

The Survey of Health, Ageing, and Retirement in Europe (SHARE) is a longitudinal 

cohort study with a participant population of community-based Europeans aged 50 

and above (Börsch-Supan et al., 2013; Börsch-Supan et al., 2015). It collects both 

prospective and retrospective data across financial, behavioral, social, and health 

dimensions, in order to study the well-being of an ageing population. SHARE is 

conducted across 28 European countries and Israel, allowing for cross-national 

comparisons. It was launched in 2004 and has been conducted biennially, with a 

total of 8 waves and over 140,000 participants available currently (Figure 5). 

Respondents are a representative sample of all people aged 50 years and older at 

the time of sampling who have their regular domicile in the respective SHARE 

country and are not living in nursing homes (Bethmann et al., 2019). 

Interviews are conducted using computer-assisted personal interviewing (CAPI) 

(Martin & Manners, 2014), as well as self-administered questionnaires. While most 

answers are self-reported, and therefore dependent on respondents’ knowledge 

and interpretation of a question, some physical measurements are taken as well, 

including grip strength or walking speed, though their application can vary between 

waves and countries (Börsch-Supan et al., 2013). Wave 3 was a retrospective life 

history survey called SHARELIFE, making use of life history calendars to collect 

data across the life course from childhood health and living conditions, to 

adulthood employment, accommodations, partnerships, and children (Freedman 

et al., 1988; Schröder, 2011). This retrospective life history survey was repeated 
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in Wave 7 for non-respondents in Wave 3 and for the new participants of countries 

included after Wave 3. Overall, SHARE aims to make their data easily interpretable 

and comparable, thus making use of generated variables, like multimorbidity 

status, and standardized measurements like the International Standard 

Classification of Education (ISCED) for educational attainment.  

 

Figure 5 | SHARE waves and field times. SCS1: first SHARE Corona Survey. This 

figure was reproduced from Bergmann et al. (2022). 

SHARE is part of a larger network of population-based cohort studies interested in 

healthy ageing (Lee et al., 2021). The 19 studies in 46 countries are often referred 

to as the Health and Retirement Study (HRS) family of surveys, named after the 

first study in this family launched in the United States in 1992 (Sonnega et al., 

2014). The Gateway to Global Aging Data is a data and information platform that 

creates and releases harmonized data sets containing a subset of data with 

variables defined to be as comparable as possible between these surveys and over 

time (Lee et al., 2021). Thus, it is possible to compare the findings of SHARE not 

only within its participating European countries, but also across continents with 

comparable data from the United States, Mexico, India, Japan, China, and others.  

 

Causal inference from observational data 

Causal inference from observational data aims to determine cause-and-effect 

relationships based on non-experimental or observational data (Listl et al., 2016). 



 
28 

 

In the case of this thesis, we are aiming to determine the effect of intergenerational 

educational trajectories on multimorbidity and mortality based on the 

observational data collected in the SHARE cohort study. In contrast to 

experimental studies, where researchers can manipulate variables and control for 

any potential confounders already at study design, observational studies rely on 

existing data collected without experimental control. In epidemiology, causal 

inference often needs to be drawn from observational data since experimental 

research is either unfeasible and/or unethical (Nichols, 2007).  

In order to perform causal inference from observational data, a causal model built 

from expert knowledge is needed. This means that as a first step to causal analysis, 

assumptions about the relationships between variables of interest need to be 

defined and described, often in the form of causal diagrams like directed acyclic 

graphs (DAGs) (Igelström et al., 2022). These assumptions need to be justified 

based on theory and/or existing evidence. This includes specification of exposure 

and outcome, potential confounders, mediators (if part of research question), as 

well as all assumed causal associations between these.  

The key challenge for causal research is the fact that observational data are not 

only subject to selection and measurement bias, like experimental studies are, but 

also to bias from confounding, which can result in an underestimation or 

overestimation of the effects of interest (Hammerton & Munafò, 2021). Therefore, 

researchers aiming at causal inference need to make use of different methods to 

mitigate these biases. One approach is that of triangulation where multiple 

approaches, both design-based and statistical, are used to strengthen research 

findings by either reducing the impact of biases or at minimum identifying their 

size and direction (Hammerton & Munafò, 2021). Since design-based adjustments 

were not possible for the work in this thesis, we have relied on statistical methods 

to strengthen our research findings in Chapters 5 and 6, such as inverse probability 

weighting.  

Inverse probability weighting (IPW) is based on knowledge gained from the causal 

model defined in the first analysis step, specifically which factors might be potential 

confounders. It assigns differential weights to each participant based on their 

probability of being selected as a participant, experiencing an exposure, or being 

lost to follow-up, depending on what the IPW is applied for (Mansournia & Altman, 

2016). This is a two-part process where first the probability, or propensity, of being 

exposed to the risk factor of interest is calculated, and then weights are calculated 

as the inverse of this propensity score (Chesnaye et al., 2022). This technique 

creates a “pseudo-population” in which confounders are equally distributed across 

exposed and unexposed groups, thus balancing the study population and reducing 

the impact of measured confounding. 
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Scoping reviews 

Scoping reviews are non-systematic reviews with the aim to synthesize and 

present research evidence on a chosen topic. They are similar to but distinct from 

other non-systematic reviews like mapping or narrative literature reviews (Grant 

& Booth, 2009). What differentiates scoping reviews from other formats is their 

focus on mapping the extent, range, and nature of research activities, whereas 

systematic reviews are generally aiming to sum up the best available research on 

a specific question, meaning they usually have to restrict the scope of this question 

to a single study design, exposure and outcome (Pham et al., 2014). Scoping 

reviews are especially useful when the topic of interest has not yet been 

extensively reviewed or is of a complex or heterogeneous nature, as is the case in 

the studies presented in Chapters 4 and 7. They can also serve as a pre-cursor to 

systematic reviews by identifying gaps in the literature and determining the 

potential scope of a systematic evaluation of the literature.  

Scoping reviews follow systematic and transparent guidelines, best summarized in 

the PRISMA-ScR guidelines (Preferred Reporting Items for Systematic reviews and 

Meta-Analyses extension for Scoping Reviews) (Tricco et al., 2018). Their checklist 

contains 22 reporting items aiming to increase methodological transparency. The 

full checklist can be found in Appendix B of Chapter 4.   



 
30 

 

References  

Bergmann, M., Kneip, T., De Luca, G., & Scherpenzeel, A. (2022). Survey participation in 
the Eighth Wave of the Survey of Health, Ageing and Retirement in Europe (SHARE). 
SHARE Work Pap Ser. Doi, 10(17617/2), 3390284.  

Bethmann, A., Bergmann, M., & Scherpenzeel, A. (2019). SHARE sampling guide–wave 8.  
Börsch-Supan, A., Brandt, M., Hunkler, C., Kneip, T., Korbmacher, J., Malter, F., Schaan, 

B., Stuck, S., & Zuber, S. (2013). Data resource profile: the Survey of Health, 
Ageing and Retirement in Europe (SHARE). International Journal of Epidemiology, 

42(4), 992-1001.  
Börsch-Supan, A., Kneip, T., Litwin, H., Myck, M., & Weber, G. (2015). Ageing in Europe: 

Supporting policies for an inclusive society. de Gruyter Berlin.  
Chesnaye, N. C., Stel, V. S., Tripepi, G., Dekker, F. W., Fu, E. L., Zoccali, C., & Jager, K. 

J. (2022). An introduction to inverse probability of treatment weighting in 

observational research. Clinical Kidney Journal, 15(1), 14-20.  
Freedman, D., Thornton, A., Camburn, D., Alwin, D., & Young-DeMarco, L. (1988). The life 

history calendar: A technique for collecting retrospective data. Sociological 
methodology, 37-68.  

Grant, M. J., & Booth, A. (2009). A typology of reviews: an analysis of 14 review types and 
associated methodologies. Health information & libraries journal, 26(2), 91-108.  

Hammerton, G., & Munafò, M. R. (2021). Causal inference with observational data: the 
need for triangulation of evidence. Psychological medicine, 51(4), 563-578.  

Igelström, E., Craig, P., Lewsey, J., Lynch, J., Pearce, A., & Katikireddi, S. V. (2022). 

Causal inference and effect estimation using observational data. J Epidemiol 
Community Health, 76(11), 960-966.  

Lee, J., Phillips, D., Wilkens, J., & Team, G. t. G. A. D. (2021). Gateway to Global Aging 
Data: Resources for cross-national comparisons of family, social environment, and 

healthy aging. The Journals of Gerontology: Series B, 76(Supplement_1), S5-S16.  
Listl, S., Jürges, H., & Watt, R. G. (2016). Causal inference from observational data. 

Community dentistry and oral epidemiology, 44(5), 409-415.  
Mansournia, M. A., & Altman, D. G. (2016). Inverse probability weighting. Bmj, 352.  
Martin, J., & Manners, T. (2014). Computer assisted personal interviewing in survey 

research. In Information technology for the social scientist (pp. 52-71). Routledge.  
Nichols, A. (2007). Causal inference with observational data. The Stata Journal, 7(4), 507-

541.  
Pham, M. T., Rajić, A., Greig, J. D., Sargeant, J. M., Papadopoulos, A., & McEwen, S. A. 

(2014). A scoping review of scoping reviews: advancing the approach and 
enhancing the consistency. Research synthesis methods, 5(4), 371-385.  

Schröder, M. (2011). Retrospective data collection in the Survey of Health, Ageing and 
Retirement in Europe. SHARELIFE methodology. Mannheim Research Institute for 
the Economics of Aging (MEA).  

Sonnega, A., Faul, J. D., Ofstedal, M. B., Langa, K. M., Phillips, J. W., & Weir, D. R. (2014). 
Cohort profile: the health and retirement study (HRS). International Journal of 
Epidemiology, 43(2), 576-585.  

Tricco, A. C., Lillie, E., Zarin, W., O'Brien, K. K., Colquhoun, H., Levac, D., Moher, D., 

Peters, M. D., Horsley, T., & Weeks, L. (2018). PRISMA extension for scoping 
reviews (PRISMA-ScR): checklist and explanation. Annals of internal medicine, 
169(7), 467-473.  

  



 
31 

 

  



 
32 

 

 

Chapter 4 | Life course 

socioeconomic conditions and 

multimorbidity in old age – A 

scoping review 
 

 

 

 

 

Authors and affiliations: 

Cornelia Wagner1 MSc  

Cristian Carmeli1 PhD  

Arnaud Chiolero1,2,3 MD PhD  

Stéphane Cullati1,4 PhD 

 

1 Population Health Laboratory (#PopHealthLab), University of Fribourg, 

Switzerland 
2 Institute of Primary Health Care (BIHAM), University of Bern, Switzerland 
3 School of Population and Global Health, McGill University, Canada 
4 Department of Readaptation and Geriatrics, University of Geneva, Switzerland 

 

 

 

 

 

 

 

Wagner, C., Carmeli, C., Chiolero, A., & Cullati, S. (2022). Life course 

socioeconomic conditions and multimorbidity in old age–A scoping review. Ageing 

research reviews, 78, 101630. 



 
33 

 

 

  



 
34 

 

 

  



 
35 

 

   



 
36 

 

    



 
37 

 

    



 
38 

 

   



 
39 

 

   



 
40 

 

    



 
41 

 

  



 
42 

 

 

Chapter 5 | Educational 

inequalities in multimorbidity at 

older ages: a multi-

generational population-based 

study 

 

 

 

 

Authors and affiliations:  

Cornelia Wagner1,2 MSc  

Josephine Jackisch1,3 PhD  

Natalia Ortega1,4 MSc  

Arnaud Chiolero1,2,4,5 MD PhD  

Stéphane Cullati1,2,6 PhD  

Cristian Carmeli1,2 PhD 

 

1 Population Health Laboratory (#PopHealthLab), University of Fribourg, 

Switzerland 
2 Swiss School of Public Health (SSPH+), University of Fribourg, Switzerland 
3 Centre for Health Equity Studies, Stockholm University, Sweden 
4 Institute of Primary Health Care (BIHAM), University of Bern, Switzerland 
5 School of Population and Global Health, McGill University, Canada 
6 Quality of care service, University Hospitals of Geneva, Switzerland 

 

 

  



 
43 

 

  

Abstract 

 

Background: Social inequalities in multimorbidity may occur due to familial and/or individual 

factors and may differ between men and women. Using population-based multi-generational 

data, this study aimed to (1) assess the roles of parental and individual education in the risk of 

multimorbidity and (2) examine the potential effect modification by sex.  

 

Methods: Data were analysed from 62,060 adults aged 50+ who participated in the Survey of 

Health, Ageing and Retirement in Europe, comprising 14 European countries. 

Intergenerational educational trajectories (exposure) were High-High (reference), Low-High, 

High-Low, and Low-Low, corresponding to parental-individual educational attainments. 

Multimorbidity (outcome) was ascertained between 2013 and 2020 as self-reported occurrence 

of ≥2 diagnosed chronic conditions. Inequalities were quantified as multimorbidity-free years 

lost (MFYL) between the ages of 50 and 90 and estimated via differences in the area under 

the standardized cumulative risk curves. Effect modification by sex was assessed via 

stratification. 

 

Results: Higher multimorbidity risk was associated with low individual education regardless of 

parental education. Compared to the High-High trajectory, Low-High was associated with -0.2 

MFYL (95% confidence intervals: -0.5 to 0.1), High-Low with 3.0 (2.4 to 3.5), and Low-Low 

with 2.6 (2.3 to 2.9) MFYL. This pattern was observed for both sexes, with a greater magnitude 

for women. This effect modification was not observed when only diseases diagnosed 

independently of healthcare-seeking behaviours were examined.  

 

Conclusions: Individual education was the main contributor to intergenerational inequalities 

in multimorbidity risk among older European adults. These findings support the importance of 

achieving a high education to mitigate multimorbidity risk. 

 

 

Key-words: Education, Europe, Intergenerational Inequality, Multimorbidity 
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Introduction 

Multimorbidity – two chronic conditions or more in an individual – is a growing public health 

challenge within ageing populations in Western countries as it is associated with poor quality 

of life, high health care costs, and an increased mortality risk.1, 2 The prevalence of 

multimorbidity is higher among adults living in disadvantaged socioeconomic conditions, 

particularly among those with a low level of education.3, 4, 5 This educational gradient can be 

explained by differential access to material and non-material health-beneficial resources.6 

However, educational inequalities in multimorbidity are influenced not only by individual but 

also by familial factors such as parental education, potentially leading to a long shadow of 

inequalities.7  

Parental education may contribute to the amount of cultural and social capital a person has 

access to, and eventually to social inequalities in offspring health.8 Particularly, parental 

education can affect offspring health via transference of educational attainments, as children 

of highly educated parents tend to be higher educated themselves. Additionally, parental 

education can affect offspring health via the promotion of health-beneficial behaviours like 

preventive healthcare use during the sensitive period of adolescence.9 One registry-based 

study of Danish individuals aged 32–56 years in 2010 reported that both low individual and 

parental educational levels increased the odds of multimorbidity observed during eight years 

of follow-up.10 Therefore, how the interplay between individual and parental education might 

affect the occurrence of multimorbidity in other Western countries and at older ages remains 

to be examined. What is also unclear is whether educational inequalities in multimorbidity risk 

differ by sex, as gender-related vulnerability mechanisms could either amplify or diminish the 

effect of education.11 Some sex-specific differences in multimorbidity risk and prevalence have 

been reported, though findings are inconclusive.12, 13, 14  

Using population-based multi-generational multi-country data, we aimed (1) to assess the role 

of parental and individual education in shaping educational inequalities in the risk of 

multimorbidity and (2) to assess potential effect modification by sex. While this is an 

observational study, we explicitly aimed at estimating causal effects of intergenerational 

educational trajectories on multimorbidity, drawing on a contemporary approach to causal 

inference from observational data. Specifically, we built a causal model and defined targeted 

estimands via counterfactual contrasts. 
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Methods 

Data source and study population 

 

Our study population stemmed from the Survey of Health, Ageing and Retirement in Europe 

(SHARE), a longitudinal cohort study spanning more than 20 European countries.15, 16, 17 The 

SHARE study started in 2004 and has been conducted biennially, resulting in a total of 8 waves 

until 2019/2020. Our study's baseline corresponded to wave 5 (2013) being the first wave to 

include an assessment of parental education. During that survey year, participants were from 

15 countries: Austria, Belgium, the Czech Republic, Denmark, Estonia, France, Germany, 

Israel, Italy, Luxembourg, the Netherlands, Slovenia, Spain, Sweden, and Switzerland. In our 

analysis, we excluded participants from Israel (n = 2,561) because it is not part of the European 

continent, and individuals with missing year of birth (n = 4). Our target population were 

individuals in their youth (<20 years), since potential interventions would target educational 

attainment in that early life period. SHARE measures both parental and individual education 

retrospectively.  

SHARE respondents are a representative sample of all people aged 50 years and older at the 

time of sampling who have their regular domicile in the respective SHARE country.18 

Additionally, current partners living in the same household are interviewed at each wave 

regardless of their age. The number of participants at wave 5 (baseline) was 66,188, including 

those partners. We excluded participants younger than 50 years (n = 1,181) at baseline to 

keep in line with SHARE eligibility rules.  

The study population at baseline was composed of 62,442 respondents (Figure S1). The 

analytic sample included 62,060 respondents, as we excluded those with a missing date of 

death (n = 90) and missing covariates at baseline (n = 292). During follow-up, 11,027 

participants became multimorbid (n = 24,700 were multimorbid at baseline; 35,727 total), 1,303 

passed away, and 12,237 were lost during follow-up, resulting in 12,793 participants being 

non-multimorbid and present at wave 8.  

Causal model, exposure, and outcome 

Our study relied on the causal model reported in Figure 1, that focuses on the putative effect 

of intergenerational educational trajectories (exposure) on multimorbidity (outcome). Four 

measured potential confounding factors were identified from background knowledge: 

childhood disease/disability, sex, country groups, and birth cohort. Their operationalization is 

described in supplementary materials.  

Educational trajectories were constructed through the combination of individual and parental 

education, both self-reported by study participants. Parental education was defined as the 

highest educational attainment reached by either mother or father; in case one was missing, 

the other’s educational attainment was used. Both individual and parental education were 

classified as "Low" for any achieved education up to lower secondary level (as per the 

International Standard Classification of Education (ISCED) 1997, levels 0-2) and as "High" for 

upper secondary education and beyond (ISCED-1997 level 3 or higher). Using this 

classification, we obtained four educational trajectories: High-High, Low-High, High-Low, and 

Low-Low, where the first part denotes the parents’ education level and the second part the 

individual’s education level.  
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Multimorbidity was operationalized as the self-reported occurrence of minimum two diagnosed 

chronic conditions from a list of pre-defined conditions. Specifically, participants were asked, 

“Has a doctor ever told you that you had / Do you currently have any of the conditions on this 

card?”. The list of possible responses spanned 17 different conditions, including “other 

conditions, not yet mentioned”. For this study, we followed a definition of chronic conditions as 

being permanent in their effects and requiring surveillance, among others.19, 20 Thus, we 

included 13 chronic conditions that met this definition from SHARE’s original list, described in 

supplementary materials. Conditions such as cataracts, hip fractures and other fractures were 

excluded. 

 

Assessment of intergenerational inequalities in multimorbidity 

Our estimand was the controlled direct effect of educational trajectories on multimorbidity, 

corresponding to the pathway unmediated by mortality in Figure 1. Specifically, we estimated 

three controlled direct effects by comparing the intergenerational trajectories High-Low, Low-

High, and Low-Low with the High-High trajectory. Colloquially, the chosen estimand formalizes 

educational inequalities in multimorbidity when participants are set to be immortal, thus 

blocking the pathway through mortality.21 The internal validity of these effect estimates relied 

on several statistical assumptions described in supplementary materials.  

Effects were quantified as multimorbidity-free years lost (MFYL) between ages 50 and 90. 

Multimorbidity-free years lost were calculated as differences between educational trajectories 

in expected years living without multimorbidity between ages 50 and 90. For each level of the 

exposure, expected number of years living without multimorbidity was calculated as the area 

under the corresponding cumulative risk curve standardized by the measured confounders. 

We chose MFYL to measure the size of inequalities on the absolute scale, to be more relevant 

in the evaluation of potential policy and public health actions on the examined exposure. In 

practice, multimorbidity probabilities were estimated via a weighted Kaplan-Meier non-

parametric estimator with age as time-scale. Since the exact time a participant became 

multimorbid was unknown, the event was treated as interval-censored between the interview 

at which multimorbidity was first reported and the last interview the participant reported not 

being multimorbid. For those multimorbid at study baseline, we considered the interval 

between age 20 and age at baseline. All participants who did not become multimorbid during 

follow-up were right-censored at the time of wave 8. Death was treated as a censoring event 

and those participants were included among those lost during follow-up. The Kaplan-Meier 

derived probabilities were computed using the icenReg R package.22 Effect modification (∆) by 

sex was implemented by stratifying the data, estimating MFYL for both men and women, and 

finally calculating the difference in these MFYL.  

Weights were the product of two separate stabilized inverse probability weights (IPWs) to 

account for (1) measured confounding and (2) potential non-random loss during follow-up.23, 24 

These models’ specification is described in supplementary materials. Confidence intervals (CI) 

were generated via percentiles of 1,000 bootstrap draws with replacement.  

Ethics approval was not required for this study. We analysed anonymized data and informed 

consent was obtained at the time of original data collection. All analyses were run in R 4.1.2. 
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Sensitivity analyses 

To assess the sensitivity of our estimates to the way diseases were ascertained (self-report of 

diagnosis), we examined the occurrence of only those diseases for which a diagnosis should 

be independent of healthcare-seeking behaviours. Specifically, we considered as the outcome 

a self-reported diagnosis of either stroke, cancer (excluding breast, thyroid, and prostate 

cancer), or stomach or duodenal ulcer. Given the small number of diseases, we focused on 

the occurrence of these morbidities and not of multimorbidity. Additionally, we repeated this 

analysis including hypertension and diabetes in the outcome – two diseases for which 

diagnosis can be related to healthcare-seeking behaviours. We hypothesized that if 

inequalities were only present when hypertension and diabetes were included, then 

inequalities or their potential effect modification by sex could be attributed to differences in 

healthcare-seeking behaviours and not in morbidity occurrence.  

To assess the sensitivity of our estimates to the way education was operationalized, we 

lowered the high-education threshold for parental education. Specifically, we re-classified 

parental education as “Low” for ISCED-1997 levels 0 and 1 and as “High” for levels 2 or higher. 

As a further analysis we applied the same operationalization to individual education as well, 

for those participants born in or before 1927. This analysis was meant to account for the fact 

that the meaning of a “high” education could have shifted between the parental and individual 

generations of this study due to the educational expansion taking place in Europe in the middle 

of the 20th century.25 Finally, we assessed the potential bias from the IPW models 

misspecification by incrementally truncating weights.24  

 

Results 

Analytic sample characteristics 

Characteristics of the analytic sample are reported in Table 1. Participants had a mean age of 

67 years at baseline and 55% were women. Approximately 40% of participants were 

multimorbid at baseline, and an additional 18% became multimorbid during follow-up (2013-

2020). Prevalence of the 13 chronic conditions from which multimorbidity was ascertained is 

reported in Table S2. Participants with High-High and Low-Low trajectories accounted 

altogether for 63% of the non-missing sample, meaning that more than half of the participants 

attained the same educational level as their parents. Approximately 30% of the participants 

experienced upward mobility and 6% downward mobility. Additionally, a high education was 

achieved by nearly eight out of ten participants with high educated parents, and by four out of 

ten participants with low educated parents. Compared to women, a Low-High trajectory was 

more prevalent for men (34% versus 28%). By contrast, a Low-Low trajectory was more 

prevalent among women (41%) compared to men (36%). Finally, men had a higher mortality 

rate than women. 

Intergenerational educational inequalities in multimorbidity 

Multimorbidity-free years and multimorbidity-free years lost (MFYL) between ages 50 and 90 

are reported in Table 2. While a High-High trajectory was associated with 21.1 multimorbidity-

free years (95% confidence intervals: 20.8 to 21.3), High-Low and Low-Low trajectories were 

associated with 3.0 (2.4 to 3.5) and 2.6 (2.3 to 2.9) fewer multimorbidity-free years, 

respectively. A Low-High trajectory was associated with 0.2 (-0.1 to 0.5) multimorbidity-free 

years gained. Taken together, these findings indicate that inequalities in multimorbidity were 
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associated with low individual education regardless of parental education. Multimorbidity-free 

years lost were higher for women than for men (Table 2 and Figure 2). Specifically, inequalities 

associated with both Low-High and Low-Low trajectories were approximately 2 years longer 

for women than for men. 

Sensitivity analyses 

Restricting the outcome to diseases assumed to be independent of healthcare-seeking 

behaviour yielded the same pattern of magnitude of inequalities across educational trajectories 

as in the main analysis, although the effect modification by sex vanished (Table S3). However, 

including hypertension and diabetes as outcomes reproduced the effect modification by sex 

observed in the main analysis (Table S4). This indicates that the sex differences observed in 

the main analysis could be attributed to differences in healthcare-seeking behaviours and not 

due to true differences in disease occurrence in men versus women. 

The re-classification of parental as well as individual education for participants born in or before 

1927 resulted in similar patterns and magnitude of inequalities compared to the one reported 

in the main results (Table S5 and Table S6). This indicates that the main findings are robust 

to potential misclassification of education because of potential bias in self-report or because 

of historical drifts in educational achievements. Lastly, when truncating weights, inequalities 

were similar to those reported in the main analysis (Table S7), suggesting negligible bias from 

the potential misspecification of the IPWs models. 

 

Discussion 

We assessed the educational inequalities in multimorbidity across parent-offspring generations 

among adults aged 50 and older from 14 European countries. Regardless of parental 

education, adults with low education experienced a loss of approximately 2.8 years free of 

multimorbidity compared to those with high education, indicating that these inequalities 

primarily stem from individual education. Additionally, inequalities were larger for women than 

for men, although a supplementary analysis indicated that this effect modification could 

potentially be attributed to differences in diagnosis occurrence and not true disease 

occurrence.  

This is one of few studies to examine inequalities in risk of multimorbidity by intergenerational 

educational trajectories among older adults. One Danish study reported both individual and 

parental education to be associated with the risk of certain multimorbidity patterns.10 By 

contrast, our findings from 14 European countries suggest that only individual education 

contributes to intergenerational inequalities in multimorbidity. However, it is important to 

highlight that our results point to an indirect effect of parental education whereby parental 

education affects multimorbidity only via individual education, as participants with highly 

educated parents were more likely to become highly educated themselves. Additionally, we 

acknowledge that our study and the Danish study differ in some relevant aspects. Specifically, 

Schramm et al. used register-based information on 47 chronic conditions, whereas we used 

self-reported information on 13 different conditions, potentially leading to an underestimation 

of multimorbidity in our study population. Furthermore, we did not assess inequalities in specific 

patterns or types of multimorbidity, due to limitations in the available data. Finally, the Danish 

study estimated odds ratios, which overestimate risk – particularly with a common outcome 
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such as multimorbidity – and suffer from bias related to non-collapsibility. Taken together, the 

comparability of these two studies is limited. 

The observed sex differences in educational inequalities are in line with other studies, whereby 

women experienced greater health-detrimental effects than men when exposed to low 

educational attainment.26, 27 Ross and Mirowsky (2010) propose the theory of resource 

substitution as an explanation.27 This theory states that socioeconomic resources can 

substitute for each other, meaning the less there is of one resource, the more important other 

resources become for compensation. The authors suggest that women may have fewer 

resources than men in society, including power, authority, and high earnings, making a high 

education more important for women. This could partially explain the observed findings, but it 

is important to not only consider sociological pathways (gender) but also the biological 

pathways (sex) at play. Research suggests that there are differences in health-relevant 

biomarkers according to sex at birth, with higher cardiometabolic biomarkers in men and higher 

inflammatory and neuroendocrine biomarkers in women, and that both sex and gender may 

lead to these differences.28  

Sensitivity analyses indicated that the observed effect modification by sex could be due to 

differences in diagnoses occurrence. Some evidence suggests that women are more likely to 

visit primary care providers and are thus more likely to be diagnosed with chronic conditions 

than men.29 Ultimately, this is a limitation stemming from how multimorbidity is ascertained in 

the SHARE dataset. Additional studies with multimorbidity ascertainment of higher validity are 

required to assess whether there are sex differences in educational inequalities that go beyond 

self-reported diagnoses.   

This study’s findings should be considered within the context of a few potential limitations. The 

findings may be subject to misclassification bias in the exposure and outcome since they were 

self-reported. For the outcome, misclassification could also be due to the operationalization of 

multimorbidity as diagnosed diseases, meaning undiagnosed diseases are missed, and 

because the list of diseases was limited. The potential direction of this bias is difficult to 

determine as it is very likely to be differential, and could have possibly masked a direct 

contribution of parental education to the inequalities. Future studies with more reliable 

ascertainment of both education and multimorbidity are warranted. Additionally, as this is an 

observational study, we may have bias from unmeasured confounding, and because we were 

unable to control for finer measured confounding factors due to positivity restrictions. Further, 

there could be selection bias as the study population comprises individuals that survived until 

age 50 or longer. This may have resulted in an underestimation of the inequalities.30 For men, 

this could also explain the observed small reverse inequalities in upwardly mobile individuals 

compared to High-High. Thus, overall the findings may not be generalizable to the target 

population. Particularly, it is unclear whether the findings can be applied to more recent birth 

cohorts, i.e. those born after 1963. Research suggests that the burden of morbidity – and by 

extension multimorbidity – is evolving across demographic cohorts. More recent generations, 

i.e. those born after 1945, in some European countries experience greater life expectancy, but 

also an expansion of morbidity.31, 32 

One key strength of our study is the utilization of a population-based multi-generational and 

multi-country data sample with multiple multimorbidity assessments. Further, we have adopted 

a causal framework to estimate marginal inequalities that, contrary to inequalities measured 
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via conditional hazard or odds ratios, are not affected by issues of non-collapsibility and implicit 

selection bias.21 

 

Conclusion 

Our analysis of educational inequalities in multimorbidity risk in later life provides some insights 

into the intergenerational transmission of social inequalities in health. The findings underscore 

the role of low individual education as a main contributor to higher multimorbidity risk, 

regardless of parental education. Additionally, inequalities were larger for women than for men, 

though whether this is a difference in disease diagnoses or in underlying health conditions 

warrants further investigation. Through a multi-generational, multi-country perspective, this 

study highlights the importance of achieving high education and of interventions facilitating it, 

in order to mitigate social inequalities in multimorbidity in later life. 
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Key Points 

- Multimorbidity risk is higher among older adults with a low achieved education 

compared to those with high achieved education; growing up in a family with parents 

of low education, too, may increase the risk of multimorbidity at older ages 

independently of individual education, but empirical evidence is limited. 

- Additionally, it is not well known whether intergenerational educational gradients in 

multimorbidity are different for women and men. 

- Low individual education was the main contributor to higher multimorbidity risk, 

regardless of parental education. 

- Educational inequalities in multimorbidity were approximately twice larger for women 

than for men, but it is unclear whether this is due to differences in multimorbidity 

occurrence or due to differences in disease diagnoses. 

- These findings underscore the importance of achieving a high education and of policies 

facilitating it in order to mitigate multimorbidity risk at older ages. 
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Tables and Figures 

Table 1 Characteristics of analytic sample. SD = standard deviation. Central and Southern 

Europe = Austria, Germany, Netherlands, France, Switzerland, Belgium, Luxembourg, 

Spain, Italy. Eastern Europe = Czech Republic, Slovenia, Estonia. Scandinavia = Sweden, 

Denmark.  

Characteristics Total Men Women 

Number of participants 62,060 27,695 (45%) 34,365 (55%) 

Age at baseline (years), mean and SD 67.1 (± 10.0) 67.1 (9.7) 67.1 (10.3) 

Birth cohorts     

   1909 – 1927 2,773 (4.5%) 1,036 (3.7%)   1,737 (5.1%)  

   1928 – 1938 12,312 (19.8%) 5,482 (19.8%)  6,830 (19.9%) 

   1939 – 1945 12,721 (20.5%) 5,974 (21.6%)   6,747 (19.6%) 

   1946 – 1955 22,140 (35.7%) 10,113 (36.5%)  12,027 (35.0%) 

   1956 – 1963 12,114 (19.5%) 5,090 (18.4%)   7,024 (20.4%) 

Childhood disease/disability    

   Yes 15,629 (30.0%)  7,731 (27.9%) 10,957 (31.9%) 

   No 36,334 (70.0%) 19,964 (72.1%)  23,408 (68.1%)   

Multimorbidity (min. 2 chronic conditions)    

  At baseline  24,700 (39.8%) 10,509 (37.9%) 14,191 (41.3%) 

  During follow-up  11,027 (17.8%) 5,054 (18.2%) 5,973 (17.4%) 

Limitations with activities of daily living 
(min. 1 limitation, at baseline) 

7,284 (11.7%) 2,951 (10.7%)   4,333 (12.6%) 

Number of deaths (2013-2020) 6,090 (9.8%) 3,259 (11.8%)   2,831 (8.2%)   

Death rate, crude (deaths per 100,000 
person-years) 

2,343 2,865 1,936 

Educational trajectories    

   High-High 12,589 (20.3%) 5,932 (21.4%)   6,657 (19.4%) 

   Low-High 15,607 (25.1%) 7,712 (27.8%)   7,895 (23.0%) 

   High-Low 2,986 (4.8%) 1,034 (3.7%)   1,952 (5.7%)   

   Low-Low 19,583 (31.6%) 8,085 (29.2%)   11,498 (33.5%) 

   Missing 11,295 (18.2%) 4,932 (17.8%)   6,363 (18.5%)   

Country groups    

   Central and Southern Europe 39,508 (63.7%) 17,947 (64.8%) 21,561 (62.7%) 

   Eastern Europe 14,054 (22.6%)   5,790 (20.9%)   8,264 (24.0%)   

   Scandinavia 8,498 (13.7%) 3,958 (14.3%) 4,540 (13.2%) 
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Table 2 Multimorbidity-free years between ages 50 – 90 years and multimorbidity-free years 

lost associated with different educational trajectories compared to High-High. Standardized by 

sex (in total sample), birth cohort, country group, and childhood disease/disability. ∆ represents 

effect modification. 

Educational trajectory Multimorbidity-free years 

(95% CI) 

Multimorbidity-free years lost 

(95% CI) 

   High-High 21.1 (20.8 to 21.3)  - 

   Low-High 21.3 (21.1 to 21.5) -0.2 (-0.5 to 0.1) 

   High-Low 18.1 (17.6 to 18.7) 3.0 (2.4 to 3.5) 

   Low-Low 18.5 (18.3 to 18.7) 2.6 (2.3 to 2.9) 

Men   

   High-High 21.0 (20.6 to 21.4) - 

   Low-High 21.6 (21.3 to 21.8) -0.6 (-1.0 to -0.1) 

   High-Low 19.2 (18.1 to 20.2) 1.8 (0.6 to 2.9) 

   Low-Low 19.6 (19.2 to 20.0) 1.4 (0.9 to 1.9) 

Women   

   High-High 21.1 (20.7 to 21.5) - 

   Low-High 21.1 (20.7 to 21.4) 0 (-0.5 to 0.5) 

∆ = 0.6 (-0.1 to 1.3) 

   High-Low 17.3 (16.7 to 18.0) 3.8 (3.1 to 4.5) 

∆ = 2.0 (0.6 to 3.2) 

   Low-Low 17.6 (17.3 to 17.9) 3.5 (3.0 to 4.0) 

∆ = 2.1 (1.4 to 2.8) 
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Figure 1 Causal model underlying our study. Solid arrows: putative effect of educational 

trajectories (exposure) on multimorbidity (outcome) via direct and indirect (all-cause mortality) 

pathways. Dotted arrows: measured time-invariant confounding factors. U: potential 

unmeasured confounding. 
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Figure 2 Sex-specific multimorbidity-free years between ages 50 – 90 years and differences 

in multimorbidity-free years (95% confidence intervals) associated with different educational 

trajectories.   
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Supplementary materials 

Table S1. Results of sensitivity analyses to assess potential violations of positivity in main 

analyses. Inequalities in longevity due to intergenerational trajectories are measured via years 

of life lost (YLL) with respect to the reference High-High trajectory. Analysis 1 (reported as 

main results) included country groups among the confounders the survival curves were 

standardized to and included participants from Southern Europe. Analysis 2 included country 

groups as a potential confounding factor, but excluded participants from Southern Europe. 

Analysis 3 did not include country groups into the confounders and included participants from 

Southern Europe. Analysis 4 excluded country groups from the confounders and excluded 

participants from Southern Europe. SE countries = Southern European countries. Reference 

= High-High (parental-individual education). Standardized by age at baseline, sex, birth period. 

Educational trajectory 

Analysis 1 Analysis 2 Analysis 3 Analysis 4 

YLL (95% CI) YLL (95% CI) YLL (95% CI) YLL (95% CI) 

   Low-High vs High-High 0.4 (-0.1 to 0.9) 0.1 (-0.1 to 0.9) 0.2 (-0.2 to 0.7) 0.0 (-0.4 to 0.6) 
   High-Low vs High-High 2.4 (1.1 to 3.6) 2.2 (1.1 to 3.6) 2.8 (1.7 to 3.9) 3.0 (1.8 to 4.0) 
   Low-Low vs High-High 2.9 (2.2 to 3.8) 3.0 (2.2 to 3.8) 2.7 (2.2 to 3.3) 2.9 (2.1 to 3.7) 

Table S2. Sample characteristics for participants lost at baseline. Educational trajectories 

correspond to parental-individual educational attainments, e.g., High-High = high parental 

education – high individual education. SD = standard deviation.  

Characteristics Analytic sample 
n (% or SD) 

Lost at baseline 
n (% or SD) 

Number of participants 52,271 10,429 
Sex 

Female 29,159 (56%) 5,672 (54%) 

Male 23,112 (44%) 4,757 (46%) 

Age (years), mean and SD 67.2 (± 10.0) 65.9 (± 10.5) 
Birth cohorts 

1909-1938  12,850 (25%) 2,306 (22%) 

1939-1945 10,890 (21%) 1,836 (18%) 

1946-1964  28,531 (55%) 6,287 (60%) 

Multimorbidity (min. 2 chronic conditions) 

Yes 25,448 (49%) 4,668 (45%) 

No 26,823 (51%) 5,761 (55%) 

Limitations with activities of daily living 

No limitations 46,069 (88%) 9,290 (89%) 

1 limitation  3,049 (6%) 541 (5%) 
Min. 2 limitations  3,153 (6%) 598 (6%) 

Number of deaths (2013-2020) 6,044 (12%) - 

Educational trajectories 
High-High (reference) 10,841 (21%) 1,888 (18%) 

Low-High 13,118 (25%) 2,683 (26%) 

High-Low 2,523 (5%) 496 (5%) 
Low-Low 16,439 (31%) 3,333 (32%) 

Missing 9,350 (18%) 2,029 (20%) 
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Table S3. Life expectancies (years) between ages 50 – 90 years and years of life lost (YLL) 

due to different educational trajectories when truncating IPWs to the 1st and 99th percentiles. 

Reference = High-High (parental-individual education). Standardized by age at baseline, sex, 

birth period, country group. 

 

Educational trajectory Life expectancies (95% CI) YLL (95% CI) 

   High-High 33.9 (33.5 to 34.2) - 

   Low-High 33.4 (33.0 to 33.7) 0.5 (0.1 to 0.9) 

   High-Low 31.6 (30.4 to 32.6) 2.2 (1.1 to 3.5) 

   Low-Low 30.8 (30.3 to 31.4) 3.0 (2.4 to 3.7) 

 

Table S4. Life expectancies (years) between ages 50 – 90 years and years of life lost (YLL) 

due to different educational trajectories when truncating IPWs to the 1st and 95th percentiles. 

Reference = High-High (parental-individual education). Standardized by age at baseline, sex, 

birth period, country group. 

 

Educational trajectory Life expectancies (95% CI) YLL (95% CI) 

   High-High 33.9 (33.5 to 34.2) - 

   Low-High 33.4 (33.1 to 33.8) 0.4 (0.0 to 0.9) 

   High-Low 31.5 (30.4 to 32.6) 2.3 (1.2 to 3.5) 

   Low-Low 31.0 (30.5 to 31.5) 2.8 (2.2 to 3.5) 
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Figure S2. Correlation between life expectancy (years, between 50-90 years of age) and social 

net expenditure as percentage of GDP (mean, 2013-2018) by country. Split by individual 

educational attainment. Bubbles correspond to individual countries; sizes correspond to 

precision of the estimate, i.e., the larger the circle the wider the 95% confidence interval. 
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Chapter 8 | Discussion 
 

Summary of main findings 

In Chapter 4, we investigated empirical studies examining the association between 

life course socioeconomic conditions (SEC) and later-life multimorbidity, and 

assessed to which extent they supported different life course causal models: 

critical period, sensitive period, accumulation, pathway, or social mobility. We 

identified four studies (25,209 participants) with the first measure of SEC in 

childhood (before age 18) and five studies (91,236 participants) with the first 

measure of SEC in young adulthood (after age 18). In the former, childhood SEC 

was associated with multimorbidity in old age in all studies, and the associations 

were partially or fully attenuated upon adjustment for later-life SEC; in the latter, 

associations with multimorbidity in old age as well as the effects of adjustment for 

later-life SEC were inconclusive as they differed from one study to the other, 

depending on location, study population, and/or tested SEC. Among the nine 

included studies, none tested the social mobility nor the accumulation model, so 

no conclusion could be drawn about them. Of the tested models, the results were 

consistent with the sensitive period and the pathway models. This indicates that 

SEC in early life could have an effect on multimorbidity not entirely explained by 

SEC in adulthood. 

In Chapter 5, we assessed the effect of intergenerational educational trajectories 

(High-High, Low-High, High-Low, Low-Low) on inequalities in multimorbidity, 

measured in multimorbidity-free years lost (MFYL). We found that regardless of 

parental education, individuals with low individual education (High-Low, Low-Low) 

experienced a loss of around 2.8 multimorbidity-free years, indicating that these 

inequalities primarily stemmed from individual education. Additionally, we 

assessed whether these inequalities were modified by sex and found that, when 

exposed to low individual education, women experienced a twice greater 

magnitude of inequalities compared to men. However, this sex difference could 

partially be explained via health-seeking behaviors in additional sensitivity 

analyses. Thus, potential sex differences in the size of inequalities require 

additional studies with multimorbidity ascertainment of higher validity. 

In Chapter 6, we assessed the effect of intergenerational educational trajectories 

(High-High, Low-High, High-Low, Low-Low) on inequalities in longevity, measured 

in years of life lost (YLL). There were approximately 2.5 years of life lost when 

having a low individual education regardless of parental education, indicating that 

inequalities were driven by individual education. Next, we assessed the potential 

mitigation of inequalities by increased social expenditure of the country of 
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residence, and observed that the higher the social expenditure, the larger the life 

expectancy, but not smaller the inequalities. These findings suggest that in 

European countries, individual education could be the main driver of inequalities 

in longevity for adults older than 50 years of age and born before 1965. Further, 

higher social expenditure improved longevity for both high and low educated 

participants, and could therefore not reduce educational inequalities in longevity.  

In Chapter 7, we described how life course epidemiology changed the way the 

etiology of chronic diseases is understood, taking the examples of hypertension, 

breast cancer, and dementia, and how life course epidemiology can guide 

preventive strategies. For hypertension, risk factors have been identified across 

the life course, starting from fetal exposure to undernutrition, to increased salt 

intake in the first months of life, and health-detrimental behaviors like smoking or 

high alcohol intake in mid and later life. For breast cancer, focus has shifted slightly 

away from hormonal risk factors and secondary prevention through 

mammography screenings in mid-life, towards a wider perspective that includes 

early-life and environmental risk factors like health behaviors and exposure to air 

pollution or heavy metals. For dementia, life course epidemiology suggests that 

increasing and maintaining cognitive reserves throughout the life course is key in 

preventing or delaying the onset of dementia. The origins of many chronic diseases 

can now be traced back to early life, opening the door to new intervention 

strategies that target specific times during the life course in order to reduce the 

burden of chronic diseases in the population. 

 

Discussion and comparison to the literature 

The first paper of this thesis (Chapter 4) has found consistent evidence that the 

associations between childhood SEC and later-life multimorbidity are partially or 

fully attenuated by later-life SEC, and we could support this finding with our study 

using SHARE data (Chapter 5). Pavela and Latham (2016) found that lower 

childhood SEC (including parental education) was associated with increased 

number of chronic conditions; however, childhood SEC was no longer associated 

with chronic conditions after adjustment for adulthood SEC (including individual 

education). This mirrors the findings of our research presented in Chapters 5, 

describing an effect of individual education on multimorbidity, regardless of 

parental education. We did not examine the contribution of intermediate factors, 

like occupation or health behaviors, as this is outside this scope of this thesis work. 

The studies presented in Chapter 5 and Chapter 6 are highly comparable, not only 

in their research design but also in their findings. Both studies indicated that 

educational inequalities in longevity and multimorbidity are determined by 

individual education and not parental education. Thus, these findings partially 

contradict the theory of cumulative dis/advantage, discussed in the Introduction, 

as we observed, one, that around one quarter of the study participants were 

upward socially mobile (Low-High), and two, that these upward socially mobile 
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participants had health outcomes basically indistinguishable from those with the 

most advantageous trajectory (High-High). However, this does not imply that 

parental education plays no role; rather it points to an indirect effect of parental 

education whereby parental education affects individual education but not the 

health outcome directly. The effect sizes of these inequalities, too, were similar 

with 2.9 (95% CI: 2.2 to 3.6) years of life lost and 2.6 (95% CI: 2.3 to 2.9) 

multimorbidity-free years lost for the lowest intergenerational trajectory (Low-

Low) compared to the highest (High-High) between the ages of 50 and 90. Thus, 

our empirical studies point to the importance of achieving high education for these 

two health outcomes. This is in line with previous research showing an association 

between low education and an increased risk of multimorbidity (Pathirana & 

Jackson, 2018) and lower life expectancy (Mackenbach et al., 2019). 

Where the two studies differ is in the role of sex. For longevity (Chapter 6), years 

of life lost due to low education were larger in men compared to women. For 

multimorbidity (Chapter 5), women experienced larger educational inequalities 

than men, though sensitivity analyses suggested that this could partially be due 

to differences in health-seeking behaviors. Nevertheless, it has consistently been 

observed that women generally live longer than men, but do so in poorer health – 

known as the gender paradox in health and mortality (Luy & Minagawa, 2014). 

Regarding the reasons underlying the differential effect of education on health 

between men and women, some evidence exists that low education may be more 

detrimental to women than to men. Ross and Mirowsky (2010) propose the theory 

of resource substitution that states that resources can substitute for each other, 

meaning the less there is of one resource, the more important other resources 

become for compensation. The authors suggest that women may have fewer 

socioeconomic resources than men, including power, authority, and high earnings, 

making a high education more important for them. It is possible that this is the 

reason for our observed sex inequalities in multimorbidity, but it does not explain 

why the opposite effect modification was observed for educational inequalities in 

longevity (YLL for Low-Low versus High-High were 4.0 years (2.6 to 4.6) in men 

and 2.0 years (1.3 to 2.7) in women). Ross et al. (2012) report similar patterns, 

with an effect of education that is larger in women for self-rated health and larger 

in men for mortality. A potential explanation can be found in the causes of death: 

sex differences in the effect of education were strongest for lung cancer, 

respiratory disease, stroke, homicide, suicide, and accidents. These causes of 

death are linked to behavioral risk factors like smoking, excessive alcohol 

consumption, and aggressive behaviors, which tend to be more socially patterned 

in men compared to women (Mackenbach et al., 1999). This might partially explain 

the contrasting sex differences found in Chapters 5 and 6 of this thesis.  

Educational inequalities in longevity (Chapter 6) were not improved by higher 

social net expenditure of the country of residence since all trajectories benefitted 

equally. This mirrors the interpretation by Mackenbach et al. (2016), described in 

the Introduction, reporting that European improvements in absolute inequalities in 

longevity were not dependent on whether countries had employed national 
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strategies targeting health inequalities or not. This suggests that this progress 

could have been a side effect of population-wide behavioral changes and 

improvements in prevention and treatment, especially since the narrowing of 

absolute inequalities was most pronounced in mortality from ischemic heart 

disease, smoking-related causes, and causes amenable to medical intervention. 

What does this mean for public health? As suggested in Chapter 7, key for reducing 

the burden of many chronic diseases in the population is primordial prevention, 

i.e., the prevention of risk factors. By starting upstream, in early life, and targeting 

the entire population, more diseases can be prevented than by narrowing the focus 

on high-risk populations, as is done in many strategies targeting health inequalities 

(Rose, 1981).  

 

Strengths and limitations 

The work presented in this thesis has multiple limitations. For the original research 

studies presented in Chapters 5 and 6, methodological limitations exist. Our 

findings may be subject to misclassification bias, especially in the exposure since 

education is self-reported and recalled much later in life. To partially account for 

this, we have performed a sensitivity analysis in Chapter 6, classifying individual 

education into three instead of two levels, and have found no strong differences, 

indicating that the bias due to misclassification of education is likely to be small. 

There might also be a selection bias as our study population comprised individuals 

that survived until at least age 50. This limitation, however, is inherent to our 

research questions as we are interested in health in later life and thus are reliant 

on study participants surviving until that point. We are also aware that residual 

and unmeasured confounding might be present in both original research papers.  

Another limitation is the measurement of multimorbidity in Chapters 4 and 5. As 

discussed in the Introduction, the definition of multimorbidity is not clear-cut and 

may differ from study to study. This was observed in the scoping review paper 

(Chapter 4), where multimorbidity was defined in almost all included studies as 

the co-occurrence of minimum two chronic conditions, but the number of 

conditions considered ranged from 5 to 46. Similarly, in the original research based 

on SHARE data (Chapter 5), 13 different conditions were considered for 

multimorbidity status, but some represented singular conditions (e.g., “high blood 

cholesterol”), while others combined multiple conditions (e.g., “other affective or 

emotional disorders, including anxiety, nervous or psychiatric problems”). This 

could lead to an underestimation of multimorbidity in the participants and thus a 

misclassification in the outcome.  

One key strength of this work is the use of a large longitudinal data set that is 

population-based and offers multi-generational and multi-country data. Further, 

we are explicit in our causal aims, with transparent identifying assumptions to 

interpret inequalities as effects of education. We also report absolute measures of 

inequalities, which are more relevant in the evaluation of potential policy and public 
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health actions. Finally, with our scoping reviews (Chapters 4 and 7) we gave 

informative overviews over two broad yet important research questions (“What is 

the available evidence on the association between socioeconomic trajectories 

throughout the life course and multimorbidity in later life?” and “How can life 

course epidemiology inform public health preventive strategies?”) which would not 

have been possible with systematic reviews.  
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Chapter 9 | Conclusion 
 

This thesis examined the interplay between socioeconomic trajectories and health 

in later life, ascertained through multimorbidity and mortality. Throughout this 

research, we have applied a life course framework to understand how health and 

health inequalities in later life are shaped throughout the life course, and even 

being influenced by the previous generation. Our findings only partially underscore 

the influence of early-life circumstances on health outcomes in later life. 

Educational inequalities were observed in both multimorbidity and mortality, but 

with individual education as the main driver. The influence of parental education 

was more indirect than direct, by making offspring more likely to obtain the same 

level of educational attainment, but not affecting multimorbidity or longevity 

directly. Thus, our work supports the importance of achieving a high education, 

and of interventions facilitating it.  

Taken together, the findings of this thesis suggest that early life sets the 

foundations for life-long health trajectories, but that these trajectories can be 

changed with the right interventions. It is a reassuring finding that the longevity 

and multimorbidity risk of those with upward social mobility were indistinguishable 

from those with consistently high educational trajectories. It indicates that a 

detrimental start into life can be overcome if the right resources are invested at 

the right time, for example by supporting high educational attainments. It is also 

important to note that while increased social net expenditure of the country of 

residence did not reduce inequalities in longevity, it did improve life expectancy 

for everyone equally, thus overall improving the health of the population. Thus, 

continuous and supportive social policies are vital to improve population health in 

later life.  

Future research in this field could aim to further specify the type and timing of 

interventions needed to reduce social inequalities in health. While there is some 

evidence in this thesis for the positive effects of wide-spread population-based 

interventions, like the above-mentioned effect of social net expenditure on 

longevity (Chapter 6) or of reduced salt intake on hypertension (Chapter 7), more 

targeted high-risk interventions might be needed to mitigate social inequalities 

and these need to be explored more across the life course. Further, since 

multimorbidity is likely to remain a major public health challenge, future research 

should address the key challenge of how best to define and measure it. As it 

stands, capturing the burden of multimorbidity is still challenging and without 

strong descriptive data effective interventions cannot be designed. Comparable 

and reproducible research findings are key to address this health issue and a 

consistent definition is the first step in the right direction.  

Ultimately, this thesis underscores the importance of considering the entire life 

course when examining health outcomes in later life. In our research we could 
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observe an effect of education on multimorbidity and longevity decades after the 

highest educational attainment was reached. This effect unfortunately results in 

social inequalities in health and more research is needed to effectively address this 

persistent social issue. By adopting a comprehensive approach that considers the 

lifelong impact of socioeconomic trajectories, we can work towards a more equal 

and healthier future for all individuals, regardless of their socioeconomic 

background. 
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