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Social participation and cognitive activities as explanation factor for the association between income and self-rated health for older adults
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Introduction: Health disparities pose a considerable challenge for older adults individuals, particularly those with a heightened risk of developing dementia. Discrepancies in health status among various income brackets are only partially attributable to structural factors such as working and living conditions or the quality of food. The aim of this study was therefore to explore whether and to what extent various health-promoting behaviors can explain the association between household income and self-rated health among older people at risk of dementia.

Methods: The sample consisted of 845 participants (average age 68.9 years; 52.6% female) from the AgeWell.de study, an intervention trial aiming to preserve cognitive function. The participants exhibited an increased risk of dementia, defined by a CAIDE (Cardiovascular Risk Factors, Aging and Dementia) score of at least nine points. To explore the relationship between household income and self-rated health, measured using the EQ-5D-VAS, a regression analysis was conducted. This association was then examined using four mediation analyses that included health-promoting behaviors such as fruit and vegetable consumption, social participation, physical activities, and cognitive activities.

Results: The results reveal a positive association between higher income and self-rated health. This relationship is mediated by social participation. Additionally, cognitive activities were found to partially mediate this correlation. Neither physical activities nor fruit and vegetable consumption could account for the association between income and self-rated health.

Conclusion: The findings have the potential to advance research on the correlation between income and health among older age cohorts at risk of developing dementia. They highlight the potential significance of social engagement and cognitive activities for health and may inspire the development of strategies aimed at enhancing accessibility to activities such as cultural events, educational institutions, and participation in courses for a wider audience.
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Introduction

General health has improved over the past decades in all countries for which data are available (1). However, this development appears to progress slowest in socially disadvantaged groups (2). It was found that there are internationally consistent differences in morbidity, mortality, and life expectancy among social strata, with individuals from lower status groups being disadvantaged (3). Higher education and elevated occupational status can positively influence health, as individuals with higher education tend to possess greater knowledge about health promotion, while those in higher-skilled positions often experience lower levels of workplace stress (4). Similarly, income disparities can have a significant impact on various aspects of life and consequently on dimensions of health. A low income is associated with various restrictions and burdens in everyday life, such as precarious living conditions, unhealthy working environments, and limited access to material resources, necessities and consumer goods (5, 6). All these factors, in turn, have a negative impact on mental and physical health, and lastly on mortality (5, 7, 8). Therefore, income serves as an important tool in assessing health inequalities. Particularly for the health of individuals aged 60 and above, income has been identified as a significant indicator of social status compared to education and occupation (9). For older adults at heightened risk of developing dementia, the relationship between income and health may play a particularly relevant role. After all, they face significant challenges including limited mobility, social isolation, and the risk of cognitive decline (10). Several studies have already found an association between lower income and higher dementia prevalence (11, 12). Therefore, this demographic may stand to benefit particularly from adequate healthcare and support in adopting health-promoting behaviors.

Bartley (13) argues, that the effect of income on health, as evidenced by numerous studies, cannot solely be attributed to factors such as living and working conditions or the quality of food. In addition to these structural conditions, health-promoting behaviors can also be considered (5). However, health behavior should not be perceived as individualized, but also as a product of structural inequalities. Subjective behavioral decisions can be viewed against the backdrop of structural conditions, such as societal positioning within the social hierarchy. Income, which is unevenly distributed across social strata, serves as an important indicator of this positioning within the hierarchical structure. In Germany, previous studies on the topic of health behavior and social inequality have mostly focused on the relationship between socioeconomic status and health-promoting behaviors. However, since this status includes not only income but also the dimensions of education and occupation, examining the relationship between income and health behavior can provide additional insights.

Self-rated health is a common measure of health status (14), explicitly recommended by the WHO (15). This is due in part to its outstanding prognostic properties (14). Self-rated health has the advantage over other health measurement instruments in that it can take into account many different factors (16). In addition to well-known and easily ascertainable aspects such as diagnoses or physical or mental health symptoms, latent characteristics such as the subjective severity and impact of health problems can also be captured (17). It has been shown to be an appropriate measure of health status, particularly for older age groups (ibid.). Against this background, this study addressed the following research question:


To what extent do various forms of health-promoting behaviors influence the relationship between income and self-rated health among older people at risk of developing dementia?
 

Therefore, this study examines the influence of the following health-related behaviors, chosen for their established links to cognitive decline in older adults (18–21), which are also amenable to modification within the context of a prevention. It is expected that a stronger engagement in these behaviors will lead to higher self-rated health. One aspect to be examined is the impact of a healthy diet measured through fruit and vegetable consumption on self-rated health. The German Nutrition Society (DGE) recommends that adults consume at least 400 grams of vegetables and 250 grams of fruit daily, which is approximately equivalent to five servings of fruits and vegetables (22). Studies have shown that higher income is associated with increased consumption of fruits and vegetables (23–25). It has been found that poor nutrition and below-average physical activity are associated with obesity, hypertension, and diabetes mellitus (26, 27). These factors, in turn, contribute to the onset of dementia (18) and are associated with an increased risk of cardiovascular diseases such as heart attack or failure, tumors, and respiratory diseases (28).

A second factor to be investigated for its influence on the relationship between income and health concerns social participation. Social participation, in the context of this study, encompasses both social activities in private settings with family and friends, as well as integration into societal life and cultural events. Research has shown that there is an association between income poverty and social integration in societal life as well as cultural participation opportunities (5, 29, 30). Furthermore, engagement in social participation opportunities appears to decline with increasing age (31). However, they assume a particularly significant role in older age, as social contacts and participation in public life are associated not only with higher life satisfaction and lower levels of depression (19) but also with a reduced risk of developing dementia (32, 33). Moreover, Lindstrom and colleagues found in a case–control study that social activities, such as membership in social or religious organizations, visits with friends, or phone calls, have a reducing effect on the likelihood of developing Alzheimer’s disease (33).

Subsequently, the influence of physical activity on the relationship between income and self-rated health is being explored. Physical activity includes all forms of bodily exertion in daily life, whether through intentional sport or as a side effect of everyday activities. Various studies have found that each the frequency and the duration of engaging in physical activities varies according to income group and diminishes with advancing age (34–36). Physical activities, in turn, are associated with reducing various health risks (18, 26–28) and have a positive effect on cognitive function. Twenty-two physical activity intervention studies showed an effect on the cognitive function of persons with dementia, 0.4803 (95% CI = 0.1901–0.7704), with a high percentage of heterogeneity (I2 = 86%, p ≤ 0.0001) (ibid.). Furthermore, Netz and colleagues (37) provide an overview of the evidence regarding the effects of physical activities on the mental health of older adults based on their meta-analysis, in which they compiled the results of 36 intervention studies. They noted that there was a significant association between the overall effect of intervention groups engaging in physical activity over several weeks and well-being compared to control groups (ibid.).

Finally, the influence of cognitive activities, defined as mentally stimulating endeavors such as acquiring new skills, solving puzzles, and reading, on the relationship between income and self-rated health was examined. Studies have found a positive correlation between the financial status and the frequency of engaging in cognitively stimulating activities (38). For older age groups, engaging in cognitive activities appears to be particularly important, as it has been found to be associated with improved cognitive performance (20) and a reduced likelihood of developing Alzheimer’s disease (33).



Methods


Study population

The analyses were conducted using the baseline data collected in 2019 from the AgeWell.de study. This is a multicentred, cluster-randomized, controlled multi-component intervention study in primary care, aiming at preventing cognitive decline in older adults through a two-year intervention (39). Overall, 1,030 primary care patients, including 537 (52.1%) women, were recruited at five locations (Greifswald, Halle, Kiel, Leipzig, Munich) from June 2018 to October 2019 (39). The participating general practices were randomized into the intervention and control groups (40). The multi-component intervention included medication management, nutritional counseling, physical activity, cognitive training, social activities, and intervention in case of grief and depression. The control group received general health counseling regarding the intervention components, along with standard care from their general practitioners (ibid.). At the time of the baseline assessment, no intervention had yet been implemented; therefore, group assignment will not be considered in the following analysis. Baseline data were collected through personal interviews, during which neuropsychological testing was conducted to assess cognitive performance. Sociodemographic information, along with various health-related aspects and lifestyle factors, was also collected. Additionally, participants were provided with a self-administered questionnaire that solicited detailed information regarding dietary habits and alcohol consumption.

After excluding all cases where at least one item was unanswered, the sample consisted of 845 participants. The inclusion criteria comprised a minimum age of 60 years and an elevated risk for dementia development, as defined by a CAIDE-score of at least 9 points. The exclusion criteria, on the other hand, included diagnosed or suspected dementia by the primary care physicians, severe clinical depression, significant pre-existing medical conditions, severe hearing, visual, communication, or mobility impairments, lack of proficiency in the German language, and participation in another intervention study (39).



Variables/measures

Health status, the dependent variable, was assessed in this study using self-rated health, measured by the EQ-5D-VAS. This instrument employs a visual analog scale, akin to a thermometer, where participants indicate their current health status (41). The participants estimate their current health on a scale from 0 to 100 points, whereby higher score indicates better self-rated health.

The household income serves as the independent variable, selected for its capacity to accurately depict an individual’s financial standing, particularly considering the common disparity in income distribution among household members. The question is derived from a standardized questionnaire developed by the Institute of Social Medicine, Occupational Medicine, and Public Health (ISAP), Medical Faculty, University of Leipzig. Household income was reported in 100 Euro intervals after deduction of insurance contributions, taxes, and operational expenditures.

The analyses were controlled for age at the beginning of the study, gender, coded dichotomously, as well as education, measured using the CASMIN (Comparative Analysis of Social Mobility in Industrial Nations) classification, which considers various general and vocational qualifications, dividing them into three levels: low, medium, and high (42), and household size.


Mediators

The questions regarding fruit and vegetable consumption originate from the German Health Interview and Examination Survey for Adults (DEGS) nutritional questionnaire developed by the Robert Koch Institute (22). To conduct the variable, the following foods were queried: fresh fruit, cooked fruit, fruit juice, fresh vegetables, cooked vegetables, legumes, and vegetable juice. For each form of food, participants were asked how often they consumed it and how many portions they ate on average. For juice intake, they were also asked about the mixing ratio. Subsequently, the values were converted to daily consumption and a composite score was created from the seven items. For the present study, fruit and vegetable consumption was integrated into the model in kilograms.

The items concerning social participation are derived from a standardized questionnaire catalog developed by ISAP (40). This included the following nine items: regular engagement in hobbies with others, such as playing cards, gymnastics, dancing, or similar activities; involvement in a church organization; participation in a club, association, or political party; regular social activities such as going to the cinema, theater, restaurants, or pubs; traveling with others; hiking or cycling tours with others; volunteering activities; attending local adult education centers; and other social activities. One point was assigned for each social activity if it was performed regularly, otherwise, zero points were given. Finally, a total score was calculated from the items, with a maximum of nine points.

The questions regarding physical and cognitive activities are also drawn from a standardized questionnaire catalog developed by ISAP (39). The coding methodology adhered to the framework outlined by Verghese et al. (43), assigning 0 points to the response categories Never and Less than once a week, 1 point to Once a week, 4 points to Several times a week, and 7 points to Every day. Subsequently, sum scores were computed for both physical and cognitive activities based on these points. The first 10 questions of the questionnaire address physical activities such as cycling; walking; swimming; gymnastics or calisthenics; fitness or strength training; sports such as football, handball, basketball, volleyball, badminton, rowing, martial arts; other sports such as bowling, dancing, stationary cycling, light jogging, golf; pedometer use; house and garden work; and caring for relatives or friends. The remaining 12 questions pertained to cognitive activities: crossword puzzles; memory and cognitive tasks; card and board games, such as chess; social engagement, such as caring for the needy, tutoring, volunteering, in the church community, in a nursing home, political party, or association; learning new things, for example, in a sports, dance, cooking, or language course; reading books, newspapers, or recipes; writing stories, poems, or letters; playing musical instruments, in a choir, or with family; phone calls; mobile phone usage; computer usage; usage of other technical devices such as a video recorder or a DVD player.

The internal consistencies of the three sum scores for social participation (Cronbach’s α = 0.64), physical activities (Cronbach’s α = 0.40), and cognitive activities (Cronbach’s α = 0.57) did not approach the threshold of 0.80 as recommended by Bortz and Döring (44). However, the three indices are each formative measurement models, in which the items, unlike reflective models, are not influenced by a common factor (45) but complement each other substantively. Consequently, it is also not necessary for the items to exhibit clear correlations with each other or to be internally consistent (ibid.). Given the utilization of standardized questionnaires in all cases and the complementary nature of the questions in content, no selection process was undertaken to avoid loss of information. Moreover, no substantial improvement in any composite score was observed by removing any item, with a gain exceeding 0.03.




Statistical analysis

The item Other social activities of the variable Social Participation generated 222 missing values. Upon closer examination of the data, it seemed plausible that a lack of response to this question should be interpreted as “no other activities,” hence these cases were not excluded from the sample.

Conducting Welch tests revealed that the group of participants differed significantly only in terms of household size from the group with item non-response, t = 2.25, p < 0.05. The group of those excluded from the analyses lived on average in a larger household than the group of participants. However, the effect size is only 0.2, categorizing it as small according to Cohen’s classification (46).

To gain an overview of the data, initial descriptive analyses were conducted. In the next step, the relationship between income and self-rated health was determined using a regression with bootstrapping. This method was chosen because the Shapiro–Wilk test suggested a violation of normal distribution during the assumption checking process for linear regression, W = 0.96, p < 0.001. Regression with bootstrapping is a robust procedure and offers the advantage over linear regressions of not making assumptions about the distribution of residuals (47).

Subsequently, the impact of health-related behaviors including fruit and vegetable consumption, social participation, physical, and cognitive activities on the association between income and self-rated health was assessed. For this purpose, four mediation analyses using bootstrapping were conducted. During the assumption checks, Rainbow tests indicated no violation of the linearity assumption. Given the robust procedure chosen, assumption checks concerning the distribution of residuals were deemed unnecessary. Each of the four mediations was computed with 10,000 bootstraps. Covariates including age, gender, education, and household size were controlled for in all five models.

All analyses were conducted using the statistical software R-Studio, Version 1.3.1093. The mediation analyses were performed using the PROCESS extension developed by Andrew F. Hayes (48).




Results


Descriptive overview

Table 1 provides a descriptive overview of the results. 50% of the participants rated their health on a scale of 0 to 100 with at least 80 points.



TABLE 1 Sample characteristics (n = 845).
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The median household income was 1875 euros. Only 26.51% of the participants consumed the recommended minimum amount of 650 grams of fruits and vegetables daily. On average, participants consumed 530 grams of fruits and vegetables per day and regularly took part in three social participation opportunities. Half of the respondents scored a maximum of 14 out of 70 possible points for physical activities and 32 out of 84 points for cognitive activities. At the time of the survey, the mean age of the participants was 69 years, with 52.54% of them being female. The majority of respondents, 53.37%, had a moderate level of education, while 24.14% had a low level and 22.49% had a high level of education. A significant portion of the participants, 66.04%, lived in households with two members, 30.77% lived alone, and 3.19% lived in households with three or more individuals.



Income and health

Table 2 shows the results of the regression model of the association between income and self-rated health. The results indicate that household income has a small but positive effect on self-rated health, b = 0.17, p < 0.001. For every increase of 100 euros in income, self-rated health increases by 0.17 points. None of the covariates had a significant effect on health. The model explains approximately 3% of the total variance in self-rated health status and demonstrates a significant model fit, p < 0.001.



TABLE 2 Robust regression with bootstrapping to the association between income and self-rated health.
[image: Table2]



Influence of health-related behaviors

Table 3 shows the results from the mediation analyses. Fruit and vegetable consumption had no effect on the relationship between income and self-rated health, indirect effect ab = 0.00; 95% CI[−0.004; 0.011]. The results also indicate that women consume more fruits and vegetables than men.



TABLE 3 Mediation analyses.
[image: Table3]

However, social participation mediates the relationship between income and health, with an indirect effect of ab = 0.08; 95% CI[0.048; 0.114]. The percentage of the total effect mediated is 47%, suggesting that almost half of the overall effect may be explained by social participation. Additionally, the results suggest that women participate significantly more in social activities compared to men, and that social participation increases with higher education levels. For a visual representation of the mediation (see Figure 1).

[image: Figure 1]

FIGURE 1
 Mediation on household income, social participation, and self-rated health. Significance: *p < 0.05, **p < 0.01, ***p < 0.001. Significant effects are highlighted in green, non-significant in red. + represents a positive effect, − represents a negative effect. c = total effect, c‘= direct effect, a = effect of independent variable on mediator, b = effect of mediator on dependent variable. Only control variables with a significant effect on the mediator variable were included in the figure. Health was measured using self-reported health (self-rated-health, EQ-5D-VAS), income values are given in 100-euro increments based on household income, male gender as reference category.


Physical activities cannot explain the relationship between income and self-rated health, indirect effect ab = 0.01; 95% CI[−0.003; 0.035]. However, they are positive associated with self-rated health, b = 0.38, p < 0.001. Furthermore, the findings suggest that individuals with higher levels of education and women engage in physical activity significantly more frequently compared to those with lower education levels and men.

Cognitive activities partially mediate the association between income and self-rated health, indirect effect ab = 0.02; 95% CI[0.005; 0.045]. This implies that cognitive activities may account for a portion of the effect that household income has on self-rated health. However, there remains a distinct and significant effect between the two variables (see Figure 2). The percentage of the total effect mediated is 12 percent. As shown in Table 3, the frequency of engaging in cognitive activities decreases with increasing age and household size. Conversely, education level appears to have a positive influence. Additionally, women engage in cognitive activities significantly more often than men.

[image: Figure 2]

FIGURE 2
 Mediation on household income, cognitive activities, and self-rated health. Significance: *p < 0.05, **p < 0.01, ***p < 0.001. Significant effects are highlighted in green, non-significant in red. + represents a positive effect, − represents a negative effect. c = total effect, c‘= direct effect, a = effect of independent variable on mediator, b = effect of mediator on dependent variable. Only control variables with a significant effect on the mediator variable were included in the figure. Health was measured using self-reported health (self-rated-health, EQ-5D-VAS), income values are given in 100-euro increments based on household income, male gender as reference category.





Discussion

The present study aimed to investigate whether and to what extent various forms of health-related behaviors could explain the association between income and self-rated health. The study was conducted on a sample of individuals aged between 60 and 78 years at the time of data collection, who exhibited an increased risk of developing dementia.

The analyses have yielded, as expected, that higher household income is associated with higher self-rated health. Reasons for this may include material living conditions and income-specific health behaviors (13). This result is consistent with various studies that have found a positive effect of income on health (3, 5, 49–51). The findings indicate that income remains a significant factor even in advanced age and among demographic groups at risk for dementia, as illustrated by the inclusion of individuals with conditions such as obesity and hypertension in the composition of the CAIDE score. However, neither fruit and vegetable consumption nor physical activity could account for this association.

This finding is incongruous with the results of previous studies, which have found a positive effect of income on fruit and vegetable consumption (23–25) and, subsequently, of fruit and vegetable consumption on health (26, 27). Additionally, it contradicts findings suggesting a positive effect of income on physical activity (34, 35). The result of the positive association between physical activity and self-rated health is consistent with various studies (18, 26–28).

The finding that neither fruit and vegetable consumption nor physical activity influenced the association between income and self-rated health contradicts the theoretical assumption that individuals from lower income groups would resort to unhealthier but cheaper food alternatives due to a lack of financial resources. Similarly, it could not be confirmed that they are less physically active because of insufficient financial resources for sports equipment or access to sports courses and events. One plausible explanation for the result could stem from the sample selection. Thus, a CAIDE score of at least 9 points and shared commonalities such as advanced age, lower levels of physical activity, elevated blood pressure and total cholesterol levels already preselects the sample (52). Elevated blood pressure and high cholesterol levels, in turn, may be a consequence of unhealthy diet (26, 27). A portion of physical health, influenced by diet and exercise, may already exhibit burdens in this sample. Additionally, participants in this study, due to this sample selection, may already demonstrate similar behavioral patterns regarding diet and exercise compared to the general population. In the case of a preselected sample, the influence of income on diet and exercise may be underestimated.

However, it was found within the scope of this investigation that social participation mediates the association between income and self-rated health. This relationship could be explained by the fact that some of these social participation opportunities involve monetary costs, which are more challenging for individuals with lower incomes to bear. The results are consistent with various studies that have identified a positive influence of income or socioeconomic status on societal and social participation (5, 32). Additionally, prior research has already found a correlation between higher social engagement and a reduced risk of developing depression (19), dementia (32), or Alzheimer’s disease (33). The present study shows that persons at risk for dementia, including individuals in older age groups with certain health predispositions such as obesity, hypertension, and high cholesterol levels, benefit from social participation. Another notable aspect is that within this investigation, social participation was operationalized beyond social engagement, encompassing various social activities such as traveling or attending events and facilities.

Furthermore, cognitive activity frequency appears to exert a partially mediating effect on the relationship between income and self-rated health. This finding may be attributed to the fact that the acquisition of certain cultural goods and participation in cognitively stimulating events or courses also entail monetary costs that pose a greater financial burden on individuals with lower incomes. It is congruent with previous research that has identified a positive association between higher income and a greater level of participation in cognitive activities (38). Moreover, this finding is consistent with research suggesting a positive effect of cognitive activities on health (20, 33).

The study also found that, compared to men, women consume more fruits and vegetables, participate more regularly in social activities, and engage more frequently in both physical and cognitive activities. The findings contradict the results of Simonson et al., who concluded in their study that women engage in social activities less frequently than men (53). However, it should be noted that the variable of social participation in this study consists only of one-third social engagement, with various other social activities included. Additionally, it contrasts with the findings of Grünheid, which suggest that men engage in sports activities more frequently and for longer durations than women (36). However, they align with previous findings indicating that women consume fruits and vegetables more frequently (ibid.) and engage in cognitive activities more often than men (54). These results, showing that women engage more strongly in all four health-promoting activities measured, are surprising given that gender does not significantly influence self-rated health. Furthermore, in subsequent bivariate analyses, no relationship was found between gender and self-rated health. However, they did reveal a higher income for men compared to women. This suggests that despite having lower financial resources on average, women more frequently adopt health-promoting behaviors.

Individuals with higher education levels exhibit greater social participation and are more likely to engage in both physical and cognitive activities. This finding is consistent with the results of Simonson et al., which demonstrate that individuals from higher socioeconomic status groups engage in volunteer activities significantly more frequently, with education being one of three indicators of social status (53). The finding that highly educated individuals engage in more physical activities contradicts the results of Hoebel et al., who found that lower education is associated with higher levels of physical activity (34). However, it should be noted that within the present study, physical activities include deliberate sports participation, while Hoebel et al. distinguish between sports and other physically demanding activities. Another result of this study was that individuals with higher education engage in cognitive activities more frequently than those with lower education. This result aligns with the findings of a study by Wilson et al., which concluded that individuals with more years of education tend to be more cognitively active (54).

An additional outcome is that with increasing age, the frequency of engaging in cognitive activities decreases, which is consistent with the findings of Wilson et al. (54). Moreover, there is an inverse association between the number of household members and the frequency of participation in cognitive activities. One possible explanation could be that individuals with more household members are more socially included, and therefore may have less time or inclination for activities such as puzzles or reading.


Limitations

Since cross-sectional data were used for the present analyses, it is important to note that this study cannot make definitive conclusions about the direction of the relationships. It is possible that poorer health limits both the opportunities for obtaining higher-paying jobs and people’s ability to engage in health-promoting activities, such as physical exercise. Several studies suggest, however, that the assumption of reverse causality can only explain a small part of health inequalities (55, 56). The more significant explanation appears to be that income influences health behavior, which in turn affects health. In 2002, Mulatu and Schooler examined the relationship between social status and health bidirectionally (56). They found that both factors influence each other, with the influence of social status on health being of greater relevance (ibid.).

The sample is preselected based on a CAIDE score of at least 9 points. As discussed in the previous chapter, this preselection may lead to participants exhibiting more homogenous eating and exercise behaviors compared to the general population. Consequently, this could result in an underestimation of the findings.

In the context of the age-as-leveler hypothesis, it should also be considered that there might be another selection bias leading to an underestimation of the influence of income differences in this sample. This hypothesis suggests that in older age groups, individuals with significant health problems or a higher likelihood of premature mortality may participate less frequently in studies (57). Given the assumption that low income could have a negative impact on health, there is a possibility that individuals with low income have already been filtered out, resulting in a more homogeneous sample.

Biases could also arise from the fact that in this study, all variables of interest were collected through self-reports. While this approach offers advantages, such as the ability to include various health aspects in self-rated health, self-reports can be prone to biases due to social desirability or inaccurate self-assessment. Objective measures could provide additional information in future analyses.



Outlook and implementations

With an explained variance of 3%, a large portion of self-rated health remains unexplained. Future analyses should focus on additional socioeconomic factors, such as employment status, the socioeconomic background of the neighborhood, access to healthcare services, or housing conditions, which may interact with the health behavior of older adults. For example, various studies have identified a significant association between deprived neighborhoods and physical inactivity (58).

Future research could consider including factors such as wealth and homeownership in addition to household income in their analyses. Particularly for studying health disparities among older individuals, the consideration of assets may be relevant to capture financial advantages or disadvantages that accumulate over time (9). The inclusion of homeownership, for example, could help control for rental expenses, which may limit the actual disposable income.

As no mediating effect of fruit and vegetable consumption on the association between income and self-rated health was found in this study, it could be beneficial to incorporate further aspects to assess healthy eating habits. For instance, the DGE advises not only consuming five portions of fruits and vegetables daily but also avoiding fatty foods, consuming dairy products daily, maintaining a varied diet, and regularly opting for whole grain products (59).

To determine where interventions can be particularly effective, it would also be interesting to examine the various forms of societal and social participation more closely. A potential investigation could examine the question of which specific forms of societal and social participation are most frequently selected by low-income groups and which factors influence these decisions. This could help to find out whether differences in social participation between income groups are primarily due to financial barriers or whether people from higher-income brackets also predominantly practice cost-effective social activities. Furthermore, it would be insightful to explore which aspects of social participation have a particularly positive impact on self-rated health in order to derive possible interventions from this.

Since no significant association was found between income and physical activities, it could also be informative to consider the intention behind physical activity. Thus, analogous to Hoebel et al. (34), making a distinction between deliberate engagement in sports and physical activities incidental to necessary tasks, such as movement through household and gardening activities, could be valuable. To determine the intensity of physical or sports activities, it would also be possible to assess not only the frequency but also the duration of the activity. Furthermore, a distinction could be made between cost-free sports activities and those sports that are associated with membership fees for clubs or sports courses. This differentiation would help to further examine the potential influences of financial barriers on physical activity (60).

Another important and interesting finding of our study is that women engage more frequently in health-promoting behaviors despite lower average incomes. This provides insightful information for the implementation for future interventions and should be considered, accordingly. One idea, how men could be involved more in prevention and interventions were surveyed previously (61). Additionally, it could be interesting to take a deeper look at the associations between income, health behavior, and self-rated health across genders. Future studies could address the question of which factors underlie the circumstance that men, despite having a higher average household income than women, exhibit fewer health-promoting behaviors. Moreover, these studies could examine the absence of gender effects on self-rated health despite differences in health behavior.

A factor that could be associated with both income and self-rated health is access to healthcare services. Future analyses could provide further clarity in this regard.

As technology increasingly assumes a significant role in healthcare, it would be valuable to investigate the impact of digital health interventions on low-income older adults. These interventions could potentially facilitate access to healthcare for individuals from lower social strata.




Conclusion

An important insight garnered from this investigation is the critical role of social participation in elucidating the association between income and self-rated health in an older sample at increased risk. This highlights the imperative to deliberate strategies aimed at dismantling financial barriers and rendering social participation. Another notable finding is the relevance of cognitive activities, which also serve as a conduit for a portion of the impact of income on self-rated health. Hence, health interventions should encompass measures for cognitive stimulation, contemplating the provision of support for learning opportunities and intellectual engagement. It can be concluded that social and cognitive activities mediate the influence of income on self-reported health among individuals over 60 years old who are at increased risk of dementia, while healthy eating and ample exercise do not affect this relationship. Therefore, activities that primarily impact mental and cognitive health may be particularly relevant for this target group. These findings could prompt raise awareness of the mental health of older individuals with low income and considering targeted measures to support this group specifically.
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