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Background: Adverse socioeconomic conditions at the individual and regional levels are associated with an increased risk of mortality. However, few studies have examined this relationship using multilevel analysis and, if so, only within a single country. This study aimed to examine this relationship using data from several European countries.

Methods: Individual-level data were obtained from Waves 5 to 9 of the Survey of Health, Ageing and Retirement in Europe, while regional-level data were obtained from the Luxembourg Income Study Database. Cox regression analysis with gamma-shared frailty and a random intercept for country of residence was used to examine the association between individual mortality from all causes, cancer, heart attack, and stroke and measures of socioeconomic deprivation at the individual level, including material and social deprivation indices, and at the area level, including the Gini index.

Results: The risk of mortality from all causes was increased for respondents with material deprivation (hazard ratio (HR) = 1.77, 95% CI = [1.60, 1.96]) and social deprivation (HR = 7.63, 95% CI = [6.42, 9.07]) compared with those without. A similar association was observed between individual deprivation and the risk of mortality from cancer, heart attack, or stroke. Regional deprivation had a modest contextual effect on the individual risk of death from all causes and cancer. However, when individual-level deprivation was included in the models, no contextual effects were found.

Conclusion: The results indicate that individual socioeconomic conditions significantly predict causes of death in older European adults, with those with material deprivation and social deprivation having a higher risk of death from all causes, including cancer, heart attack, and stroke, while the Gini index has a minimal effect, although the Gini index reflects regional disparities across Europe.
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Introduction

Life expectancy has increased markedly in numerous European countries over the past few decades (1). This favorable trend can be attributed to advances in the diagnosis, treatment, and prevention of common diseases that are major causes of death (2–4). Nevertheless, despite these improvements, cardiovascular disease and cancer, with a median onset age of 65–70 years (5–8), remain the leading causes of death in Europe (9, 10). They also have a significant economic impact (11).

It has been proposed that adverse socioeconomic conditions at the individual and regional levels contribute to the development of cardiovascular disease, including ischemic heart disease [i.e., heart attack (12–14)] and cerebrovascular disease [i.e., stroke (15, 16)]. Furthermore, studies have demonstrated associations between socioeconomic indicators and certain cancers (17–19).

The concept of individual socioeconomic status is constituted by a complex network of interrelated factors that are inextricably linked to an individual’s material and social context. Such factors include, but are not limited to, educational attainment, income, and occupation (20). Nevertheless, income-based measures may prove to be particularly inadequate proxies for material conditions in older individuals, for example, when they are retired (21). In addition to the potential for financial losses, the transition to retirement is frequently accompanied by alterations in an individual’s social networks and participation in shared activities (22, 23). These changes have the potential to influence an individual’s health (24, 25) and quality of life (26). In contrast, regional socioeconomic measures, as exemplified by single measures or multidimensional deprivation indices, focus on material and social indicators at the area level (27, 28).

The extant literature examines the relationship between individual or regional socioeconomic measures and the underlying causes of death within a country. However, few studies have considered both individual and regional levels of analysis simultaneously using a multilevel approach, which constrains the inferences that can be drawn from existing studies. Moreover, there are notable socioeconomic and health disparities between European countries, as evidenced by the findings of numerous studies (29, 30), which further constrains the external validity of these studies.

The objective of this study was to examine the association between socioeconomic deprivation and the actual causes of death among older people in the European Region, with consideration of area-level information in addition to individual-level information. The hypothesis was that elevated mortality risk is associated with higher levels of socioeconomic deprivation at both the individual and area levels.



Materials and methods


Study population and procedure

The data from Waves 5 to 9 of the Survey of Health, Ageing and Retirement in Europe (SHARE) (31) were subjected to analysis. The SHARE population included individuals aged 50 and older and their spouses and partners, regardless of age, from 14 European countries and Israel who were permanent residents of each country. Individual data were available at the major socioeconomic region level (NUTS 1) for respondents in Belgium, Germany, Israel, Italy, Slovenia, Spain (only the Autonomous Community of Este), and Sweden, and at the country level (NUTS 0) for respondents in Austria, the Czech Republic, Denmark, Estonia, France, Luxembourg, the Netherlands, Spain (excluding the Autonomous Community of Este), and Switzerland. Wave 5, which was administered in 2013, encompassed computer-assisted personal interview data for 66,038 individuals. This data included information on individual-level socioeconomic deprivation, specifically on material and social deprivation. Subsequent follow-up was conducted approximately every 2 years for a period exceeding 8 years (Waves 6 to 9). This included information on vital status and disease burden. A total of 9,509 respondents lacked information on material and social deprivation and thus were excluded from the analysis. In addition, 968 respondents were less than 50 years of age and were also excluded, as the deprivation index utilized (see below) is validated for the 50-year-old and older population (32). The final analytical sample consisted of N = 55,561 individuals for the material and social deprivation and cause of death analyses.



Measures


Ascertainment of vital status

Information on vital status was obtained from the status of their participation in the follow-up period. If a participant completed the survey in the corresponding Waves 6 to 9, their vital status was designated as “alive.” When information was available on individuals who died during the follow-up period, the cause of death was documented by conducting an “end-of-life interview” with close relatives of the deceased respondent. The outcomes of interest in this study were all-cause death and death due to public health causes, including cancer, stroke, and heart attack. The reported time of death (month/year) was defined as the endpoint of the observation period.



Area-level variable

The Gini index was employed to evaluate regional deprivation for each country and for the corresponding SHARE Wave 5 to 9 years. This approach is consistent with that employed in other studies that have examined area-level socioeconomic deprivation in European countries (33, 34). The Gini index is a measure of the extent to which the distribution of income or consumption among individuals or households within an economy deviates from a perfectly equal distribution. The Gini index is defined on a scale of 0 to 100, with higher values indicating greater levels of inequality. The data were obtained from the Luxembourg Income Study (LIS) Database (35), which contains harmonized microdata collected from approximately 50 countries across Europe, North America, Latin America, Africa, Asia, and Australasia, spanning five decades. The Gini indices utilized in this analysis were constructed with weighted data on household income from population surveys conducted during the SHARE Waves 5 to 9 (i.e., in the years 2013, 2015, 2017, 2019, and 2021). It is important to note that the Gini index does not indicate the absolute level of income of the population. This implies that an area or country with a very low absolute income can have an equal income distribution and still have a very poor population. Consequently, an adjustment was made for the relative poverty rate, as detailed below.



Individual-level variables

Material deprivation was operationalized at the individual level by aggregating 11 items related to the affordability of basic needs and the prevalence of financial difficulties (36). The items are listed in Table 1 and described in detail elsewhere (37). They address various aspects of economic circumstances. These include the ability to afford meat or fruit more than three times per week, the affordability of specific items such as groceries and vacations, the necessity to limit expenses in items such as footwear or heating to maintain affordable living costs, and the inability to access medical care due to financial constraints. The material deprivation index (MDI) aggregates binary indicators on whether an individual is deprived of a specific item, employing so-called “hedonic weights” derived from a multiple regression of all items on a single life satisfaction measure (32, 36). The final MDI is defined on a scale from 0 to 1, with higher values indicating a greater degree of deprivation.



TABLE 1 Material and social deprivation items.
[image: Table1]

Social deprivation was operationalized at the individual level by aggregating 15 items related to participation in everyday life, social activities, and the quality of the neighborhood. The items are listed in Table 1 and described in detail in another source (38). They comprise social isolation and lack of social support, as well as normative integration. The social deprivation index (SDI) also aggregates binary indicators on whether an individual is deprived of a specific item, employing the “hedonic weights” derived from a multiple regression of all items on a single life satisfaction measure (32, 36, 38). The final SDI is defined on a scale from 0 to 1, with higher values indicating a greater degree of deprivation.



Covariates

Area-level covariates encompass data on the percentage of the migrant population and the relative poverty rate. The data were obtained from the Luxembourg Income Study (LIS) Database (35). The relative poverty rate represents the proportion of households whose incomes fall below the median equivalized household disposable income in the total population and corresponding year. Covariates at the individual level encompass data on age, sex (female, male), education (low, medium, high), migration background (absent, one-sided, two-sided), and disease burden. A two-sided migration background is defined as the case of individuals with both parents who are citizens of a foreign country or who were born in a country other than the one in which they currently reside. In contrast, a one-sided migration background is defined as the case of individuals with only one parent who is a citizen of a foreign country or who was born in a country other than the country in which the respondent currently resides. The disease burden was quantified through a modified version of the Charlson comorbidity index (39, 40), wherein the following diseases (ever diagnosed) were assigned weighted scores: a score of two was assigned to conditions including heart attack or congestive heart failure, Alzheimer’s disease or dementia, cancer, and stroke; a score of one was assigned to chronic pulmonary disease, rheumatologic disease, and diabetes. Subsequently, the index was calculated by summing the weighted scores of diseases self-reported by the individuals, with higher scores indicating a greater burden of disease.




Statistical analysis

Descriptive statistics were employed to ascertain respondents’ and country-specific characteristics. To illustrate the regional distribution of the Gini index, a quintile-based choropleth map was created. Furthermore, Kaplan–Meier curves were created for all-cause mortality among subgroups of MDI, categorized into unexposed (due to a spike at zero, as illustrated below) and tertiles of MDI greater than zero (low, medium, high) and SDI, categorized into quartiles (low, medium-low, medium-high, high). The association between socioeconomic deprivation and individual mortality was evaluated using a Cox regression model with gamma shared frailty and a random intercept for country of residence. The independent variables considered in the regression models for all-cause mortality (model 1), cancer mortality (model 2), heart attack mortality (model 3), and stroke mortality (model 4) were the Gini index (basic model) as well as MDI and SDI (full model). These variables were analyzed as continuous variables. To account for demographic and health differences, the regression models (basic and full models) were adjusted for the aforementioned area-level and individual-level covariates. Explained variation (R2) for basic and full survival models was measured according to Royston (41). As the exposure variable MDI comprises positive continuous values with a spike at zero (SAZ), a number of different linear methods were evaluated for model selection. These included (i) modeling the SAZ variable continuously and untransformed, (ii) modeling it using the fractional polynomial (FP) approach, (iii) modeling it continuously and untransformed, including a binary indicator for SAZ, and (iv) modeling it using the FP method, including a binary indicator for the SAZ, as proposed by Lorenz and colleagues (42). The results of the model selection for each outcome of interest can be found in Supplementary material S1. The association between individual socioeconomic deprivation and individual mortality stratified by quintiles of the Gini index was also examined. The stratified models were adjusted for the aforementioned area-level and individual-level covariates to account for potential confounding factors. The proportional hazards assumption was evaluated through a graphical examination of the Schoenfeld residuals, and no serious violation of the assumption was observed. Associations were presented as hazard ratios (HR) and 95% confidence intervals (CI). All analyses were performed with STATA/MP 18.




Results

Table 2 provides a summary of the characteristics of the study population for SHARE Waves 5 to 9. The sample was composed of slightly more women (55.8%) than men (44.2%), and the majority of the participants did not have a migration background (80.9%). The mean age of the participants was 69.4 years. One-fourth of the participants reported high levels of education.



TABLE 2 Characteristics of the SHARE study population† by Wave.
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The country’s Gini index exhibited a range from a minimum of 24.9 in the Czech Republic to a maximum of 40.7 in Israel, with a mean value of 29.4 and a standard deviation of 2.9 across all countries. Figure 1 depicts the regional disparities observed in the distribution of the Gini index quintiles. A more detailed illustration of the country’s Gini index across SHARE Waves 5 to 9 can be found in Supplementary material S2. The distribution of the relative poverty rate and the percentage of the migrant population can be found in Supplementary materials S3, S4, respectively.
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FIGURE 1
 Distribution of the Gini index, the arithmetic mean of the years 2013 to 2021.


The mean value ± standard deviation for material deprivation index (MDI) was 0.13 ± 0.19 (min, max: 0.00, 0.99) across all countries, while that for social deprivation index (SDI) was 0.17 ± 0.14 (min, max: 0.00, 0.92). The respondents from Denmark exhibited the lowest mean values for both MDI = 0.04 and SDI = 0.09, while those from Estonia (MDI = 0.31, SDI = 0.22) and Italy (MDI = 0.21, SDI = 0.24) demonstrated the highest.

Figure 2 illustrates the all-cause survivor function for discrete subgroups of MDI (Figure 2A) and SDI (Figure 2B). Individuals who were not exposed to material deprivation (51.8%) and those with low MDI (19.0%) exhibited superior survival outcomes compared to those with medium and high MDI. A comparable pattern can be discerned regarding SDI, albeit with a more pronounced survival advantage from low to high SDI quartiles.

[image: Figure 2]

FIGURE 2
 Kaplan–Meier estimates for material deprivation (A) and social deprivation (B) categories.


The results of the adjusted Cox regression between the Gini index and individual mortality (basic model) indicated a positive association between higher levels of regional income inequality and an increased risk of mortality from all causes (HR = 1.06, 95% CI = [1.02, 1.10], R2 = 0.738). However, no association was observed between the Gini index and the risk of mortality from cancer (HR = 1.03, 95% CI = [0.98, 1.07], R2 = 0.515), heart attack (HR = 1.05, 95% CI = [0.98, 1.13], R2 = 0.707) or stroke (HR = 1.00, 95% CI = [0.89, 1.07], R2 = 0.759).

Figure 3 presents HRs and 95% CIs for the effects of individual-level socioeconomic deprivation and the Gini index on individual mortality risk (full model). The full model results, including estimates for covariates, are provided in Supplementary material S5. The results demonstrate that SDI exerts a larger effect on mortality in terms of HR. In Model 1 (R2 = 0.764), there was no longer evidence for a relationship between the Gini index and the individual all-cause mortality risk. However, the mortality risk for respondents with social deprivation was more than seven times that of respondents without social deprivation (HR = 7.63, 95% CI = [6.42, 9.07]). Similarly, respondents with material deprivation exhibited a higher risk of mortality than those without (HR = 1.77, 95% CI = [1.60, 1.96]). Similarly, Model 2 (R2 = 0.531) also revealed no relationship between the Gini index and the individual cancer mortality risk. Nevertheless, respondents with material and social deprivation exhibited a mortality risk that was more than twice that of respondents without material (HR = 2.00, 95% CI = [1.50, 2.65]) and social deprivation (HR = 2.77, 96% CI = [1.90, 4.04]), respectively. The results of Model 3 (R2 = 0.749) demonstrate that respondents with material and social deprivation exhibited a mortality risk due to heart attack that was more than three times and eight times higher, respectively, than that observed in individuals without material (HR = 3.65, 95% CI = [2.42, 5.52]) and social deprivation (HR = 7.21, 95% CI = [4.18, 12.41]). However, no evidence was found to indicate a relation between the Gini index and the individual risk of mortality from heart attacks. The results of Model 4 (R2 = 0.785) indicate that individuals with material deprivation exhibited a higher risk of stroke mortality in comparison to those without (HR = 1.95, 95% CI = [1.37, 2.77]). In contrast, the risk of stroke mortality for those with social deprivation was eight times that of individuals without (HR = 7.94, 95% CI = [4.36, 14.45]). As with the preceding disease-specific models, no evidence was found to indicate a relation between the Gini index and the individual risk of mortality from stroke.

[image: Figure 3]

FIGURE 3
 Relationship between socioeconomic deprivation and causes of death.


Table 3 presents the results of the association between individual socioeconomic deprivation and individual mortality stratified by quintiles of the Gini index. No mortality-specific pattern was identified, nor was there any evidence to suggest a difference or trend for MDI and SDI through quintiles of the Gini index, as indicated by the overlap of the 95% CIs. However, it is notable that SDI shows the largest effects in the lower and middle quintiles (except for heart attack), while MDI shows the largest effects, especially for heart attack in regions with the lowest deprivation. Overall, the findings indicate that there is weak evidence to suggest an association between individual mortality from all causes, cancer, heart attack, or stroke, and the Gini index as a measure of area-level socioeconomic inequality. Conversely, there is substantial evidence to suggest an association between individual socioeconomic deprivation and individual mortality.



TABLE 3 Cox regression models with gamma shared frailty and random intercept for country of residence examining the association between material and social deprivation and cause of death, stratified by quintiles of the Gini index in the country of residence.
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Discussion

This study examined the effect of individual and regional socioeconomic deprivation on individual mortality risk among older people in the European Region. The findings indicate that the Gini index, which served as a measure for regional deprivation, exerts a modest contextual effect on individual mortality risk for all causes and cancer, once sociodemographic characteristics are taken into account. However, the inclusion of individual-level deprivation in the models did not result in any discernible contextual effects. Instead, it became evident that individual socioeconomic status plays a more significant role in determining the actual causes of death among older individuals in the European Region, which is known as a compositional effect (43).

Previous multilevel studies that have examined the contextual effect of income inequality on mortality have yielded comparable results after adjusting for individual socioeconomic status (44, 45). However, the assertion that an individual’s socioeconomic status is the sole determinant of their mortality risk is not supported by the findings of this study. Prior research (46–49) also indicates that the individual effect may vary depending on contextual factors, underscoring the necessity for a more comprehensive study that incorporates these influences. In this study, the effect size of area-level deprivation may have been underestimated because socioeconomic heterogeneity within countries was not taken into account. This is because individual SHARE data were only available at the NUTS 0 level and in some cases at the NUTS 1 level for data protection reasons. Therefore, regional deprivation could only be considered at this aggregated level. It would be beneficial for future studies to attempt comparisons between spatial units at a more granular level, such as local administrative units within each country in the European Region. The regions under consideration exhibit considerable variation in population size and socioeconomic deprivation, with considerable heterogeneity within countries. When deprivation and mortality data are analyzed at a smaller scale, conclusions may change, a phenomenon known as the modifiable area unit problem (50). However, since these data are not available for all of Europe, small-scale analyses are very difficult to perform.

In contrast, the findings of this study indicate that individual socioeconomic deprivation, particularly in the domains of material and social resources, is associated with an increased risk of individual mortality from all causes, as well as specific conditions such as cancer, heart attack, and stroke. This finding is consistent with previous research from Europe (44, 51, 52), the United States (45, 53), and Asia (17), although individual socioeconomic status has typically been operationalized in terms of educational attainment, income, and occupation. A single prospective cohort study conducted in France was identified that examined the one-year survival rate following a stroke in patients with and without individual social deprivation (54). The findings of the French study indicated that patients with social deprivation exhibited a mortality risk that was more than twice that observed in patients without. However, the results of this study demonstrated that mortality rates were increased for both material deprivation and social deprivation, but with larger effects observed for social deprivation.

This study’s primary strength is its use of prospective data from the most comprehensive pan-European social science panel study (31), merged with area-level data obtained from the LIS Database (35). The study was limited by the exclusive use of a single indicator, the Gini index, for the investigation of regional socioeconomic deprivation. This was due to the unavailability of a validated multidimensional instrument for all European countries included in this study. For example, the European Deprivation Index is currently available for England, Italy, Portugal, Slovenia, and Spain (55, 56). It is thus imperative to recognize that the Gini index serves as a metric for income inequality, rather than a gauge for socioeconomic deprivation. The application of the Gini index is limited by the possibility that an area may exhibit a low Gini index due to its socially homogeneous nature, yet still demonstrate considerable socioeconomic deprivation in absolute terms or, conversely, display high levels of affluence. Consequently, statistical models were adjusted for the relative poverty rate. Moreover, a restricted number of social deprivation items, such as local vandalism and the accessibility of community resources, are indicative of characteristics intrinsic to the social context, situated at the meso level rather than the individual level. Nevertheless, the individual’s lifeworld is shaped by social behaviors and individual consumption patterns, including residential choices, among other factors. Additionally, the SHARE data set is constrained by the inclusion of self-reported diagnoses and a paucity of data concerning disease-specific obstacles and additional factors that may have influenced the vital status of the respondents.

Despite these limitations, this study contributes to our understanding of the relationship between socioeconomic deprivation and the underlying causes of mortality among older people in Europe. Further research is needed to clarify this relationship and to develop targeted health strategies at the European level. This will facilitate the reduction of social inequalities and their impact on health outcomes, thereby contributing to the promotion of social justice.



Conclusion

The results confirm that individual socioeconomic status is a main predictor of actual causes of death among older adults in Europe. Individuals with material deprivation and social deprivation had a higher risk of mortality from all causes, as well as from cancer, heart attack, and stroke, compared to less disadvantaged individuals. The Gini index shows a negligible additional contextual effect on individual mortality, at least partly because of its inherent limitations as a measure of absolute deprivation. Nevertheless, the Gini index shows regional disparities across Europe, and future studies should examine regional measures of deprivation at a more granular level.
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