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Awareness of Age-Related Change (AARC) describes to what extent people become aware of changes which they attribute to getting older. So far little is known regarding how different AARC dimensions change over time, to what extent these changes in different domains of AARC gains and losses are interrelated, and which predictors account for inter-individual differences in within-person longitudinal trajectories. Specifically, the extent to which individuals perceive age-related gains and losses might be shaped by their chronological age, their personality as well as by their general views on aging (i.e., their age stereotypes). We investigated changes in global and domain-specific AARC gains and losses over about five years in a sample of originally N = 423 participants aged 40 to 98 years at baseline. We analyzed the role of personality traits and age stereotypes for levels and changes of AARC, taking into account participants' age at baseline and controlling for gender, education, and subjective health. Based on longitudinal multilevel regression models, we observed mean-level declines in most AARC gain domains. In contrast, perceived general AARC losses, as well as AARC losses in health and physical functioning, in cognitive functioning and in social-cognitive/socio-emotional functioning remained, on average, stable over time. Baseline scores on AARC gains (global scale) were higher among individuals with higher neuroticism, openness, conscientiousness and more positive age stereotypes. Additionally, the association of higher neuroticism with higher AARC gain scores was stronger among individuals with more positive age stereotypes. Higher neuroticism and more negative age stereotypes also predicted higher baseline scores on AARC losses (global scale). At the same time, higher neuroticism was associated with a steeper decrease in AARC loss perceptions over time. Most of the intercorrelations within the intercepts and within the intra-individual trajectories of the different AARC domains were positive, but small in size. Our findings show the importance of considering trajectories of age-related gains and losses in parallel and across multiple developmental domains when investigating the subjective perception of the aging process. They also suggest that personality traits and general age stereotypes are related with individual experiences of aging.
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INTRODUCTION

Aging is a process that is continuously ongoing throughout the life span. However, how people subjectively perceive their aging process is by no means deterministically related to the chronological passing of lifetime. The concept “Views on aging” describes how individuals perceive, evaluate and interpret aging (1–4), encompassing both how they view aging or older adults in general (general views on aging; e.g., age stereotypes) but also their own aging (personal views on aging; e.g., self-perceptions of aging). Views on aging are inherently multidimensional in nature (5), comprising various domains, facets and constructs. Examples are subjective age, attitude toward own aging (6) or aging-related cognitions (7). These measures are interrelated, but distinguishable, and they reveal distinct associations with general dispositions (such as optimism, well-being, or health; (8). Generally, more positive views on aging are associated with various beneficial developmental outcomes, including greater well-being, better health and greater longevity (9–13). Therefore, it is important to study views on aging, their change and changeability over time, and their determinants, in order to derive interventions to promote favorable views on aging.

With the intention to enrich the conceptualization and measurement of views on aging, Diehl and Wahl (14) have, rather recently, proposed the concept “Awareness of age-related change” (AARC), which “refers to a person's state of awareness that his or her behavior, level of performance, or way of experiencing life has changed as a consequence of having grown older” [(14), p. 342]. Other than many of the existing concepts and operationalizations of views on aging which are unidimensional—and thus fall short in reflecting the inherent multidimensionality of lifespan development (15)- AARC explicitly takes into account the multidimensionality of views on aging. Specifically, AARC includes perceived age-related changes in five major developmental domains, namely health and physical functioning, cognitive functioning, interpersonal relations, social-cognitive and social-emotional functioning, as well as lifestyle and engagement. The conceptualization of these five domains was empirically supported in a qualitative-quantitative analysis based on a diary study (16). Moreover, different domains of AARC gains and losses differ in their relations with other variables such as age, well-being, or other views on aging constructs (17).

Informed by the principle of life span psychology that human development at any point in ontogenesis comprises both gains and losses (15, 18), AARC also differentiates between perceived gains vs. losses in each of the five domains. The AARC framework thus allows for a differential analyses of change in multiple AARC domains: In line with the general multidirectionality of lifespan development (15), individuals might perceive increasing age-related losses in certain developmental domains (such as health or cognitive functioning) when getting older, whereas other domains (such as interpersonal relations or social-cognitive and social-emotional functioning) might not necessarily reveal a trend of increasing losses, and even generate gains, with increasing age.

Of note, AARC is not the only views on aging concept that takes a multidimensional perspective, but its differentiation of five domains of gains and losses is unique. Another multidimensional construct of views on aging are the “personal experiences of aging” conceptualized by Steverink et al. (7), which are frequently referred to as “AgeCog scales” [aging-related cognitions (3, 4)] and comprise the dimensions physical decline, social loss, and continuous growth. Similarly, Laidlaw et al.'s (19) Attitudes Toward Aging Questionnaire consists of three subscales, namely psychological growth, psychosocial loss, and physical change. Finally, tapping into eight different life domains in which age stereotypes and future self-views are rated, Kornadt and Rothermund (20) also proposed a multidimensional measure of views on aging. However, longitudinal studies on changes in these measures are still rare.

A considerable number of studies shows that individuals' awareness of their aging is related to outcomes of health and functioning. For instance, higher scores on AARC gains and lower scores on AARC losses are associated with better physical and mental health (17, 21–28). Moreover, higher AARC losses—but also higher AARC gains—are cross-sectionally associated with poorer cognitive performance (29, 30). The authors discuss this unexpected finding by speculating that individuals with poorer cognitive functioning might be “paying more attention to their cognitive gains as this may facilitate acceptance of negative changes and re-establishment of self-efficacy and positive emotional states” (30). However, as these findings are cross-sectional, no firm causal conclusions can be drawn. Higher scores on AARC losses are also associated with greater pain (31). Moreover, greater perceived age-related gains as well as fewer perceived age-related losses are meaningfully related to a lower mortality risk in late life, and these effects remained robust when controlling for health, socio-demographic indicators as well as psychosocial factors (32). The AARC construct thus seems to have a unique and robust prognostic effect on outcomes such as mortality.

Given these findings and the role of change as an inherent component of AARC, a better understanding of how AARC develops across the second half of life, and which factors predict AARC developmental trajectories is of high importance. So far, however, little is known about age-related changes in AARC, particularly regarding differential age-related trajectories across the specific AARC subdomains. Moreover, determinants of AARC and of AARC changes have rarely been empirically addressed and could hardly be identified so far. To give one example, whereas AARC has been found to longitudinally predict depressive symptoms, the opposite effect, from depressive symptoms to AARC, could not be empirically supported (23, 24). In this study, we will thus investigate AARC changes over approximately 5 years in middle-aged and older adults by taking a multidimensional perspective and contrasting trajectories of gains and losses in all 5 AARC domains. We will also investigate the extent to which the AARC dimensions and their age-related changes are interrelated and whether “de-differentiated,” strongly interrelated changes across AARC domains—e.g., a general trend of decreasing gains and increasing losses across all domains—can be observed. Finally, we will analyze the role of age stereotypes and personality, which—according to the conceptual AARC framework proposed by Diehl et al. (33)—represent proximal and distal AARC antecedents, as well as of their interaction for age-related changes in general AARC gains and losses.


Developmental Trajectories of AARC

Most studies investigating the relationship of AARC with chronological age have thus far been cross-sectional. Some of the available cross-sectional evidence suggests that both AARC gains and losses reveal a positive association with chronological age among samples of middle-aged and older adults, with stronger age associations for losses than for gains (17, 22). With increasing age, individuals thus seem to perceive more age-related changes both on the gain side and on the loss side, which could indicate a general age-related increase in sensitivity for perceiving age-related change. However, Sabatini et al. (34) found in their study that when controlling for socio-demographic variables, only AARC losses are positively related with age, whereas the association of AARC gains with age is negative.

Generally, such cross-sectional associations of AARC with age might to some extent reflect cohort differences rather than age effects. Moreover, findings from cross-sectional studies cannot reveal whether change in AARC varies according to age. For instance, as cognitive and health-related resources decrease from midlife to old age, a steeper increase of perceived losses in these domains in in late life than in midlife can be assumed (35). Therefore, it is unfortunate that the nature and extent of age-related change in AARC across midlife and old age from a genuinely longitudinal perspective has so far found limited empirical attention.

One of the very few available longitudinal studies found that in a German sample of more than 900 adults aged 80 years and older, AARC gains decreased, whereas AARC losses increased within a 2 year time period (35). However, these change trends may be specific to the life phase of very old age, which is generally characterized by a heightened (physical) vulnerability and closeness to death (36, 37). Diehl et al. (33) investigated changes in aging-related cognitions—which reveal some conceptual overlap with AARC—in the second half of life. They found a mean-level increase in physical decline and in social loss, as well as a mean-level decrease in continuous growth. All these mean-level changes were non-linear, with steeper changes toward losses in old and very old age.

In a previous contribution (38), we analyzed trajectories of AARC based on the same data set that will be used in the following analyses, but without a distinction of the AARC subdomains. Given that 2020 was the time of the outbreak and spreading of COVID-19 in Germany, Wahl et al. (38) empirically differentiated between age-related and pandemic-related change in AARC. AARC-gains and losses both significantly decreased between 2012 and 2017, potentially reflecting age-related change, whereas they increased between 2017 and 2020, which might have been, at least to some extent, due to the outbreak of the pandemic in 2020.

In conclusion, knowledge regarding age-related changes in AARC is very limited, with findings restricted to the general domains of AARC losses and gains without subdomain-specific differentiations. However, following the principles of multidimensionality and multidirectionaliy of life span development in general (15), it is very plausible that gains and losses of the different AARC subdomains also differ with regard to (direction and rate of) change. For instance, health and (fluid) cognitive abilities typically decline with advancing age (39–44), which might result in an age-related increase in perceived AARC losses in these domains. At the same time, more differentiation might be needed, as crystallized cognitive abilities, unlike fluid ones, remain stable or even increase from midlife on and do not decline before very old age [e.g., (45, 46)]. Similarly, objective health declines in old and very old age, whereas subjective perceptions of health seem to remain stable even in the oldest-old (47). It is thus highly plausible that perceived age-related gains and losses in domains such as cognitive functioning or health co-occur.



AARC Trajectories From a Multidimensional and Multidirectional Perspective

With regard to the emergence of AARC and the potential onset of AARC changes in the second half of life, Diehl et al. (48) state that “middle-aged adults (…) are at a life stage when they become aware of age-related changes” (p. 583). Generally, middle adulthood seems to be “point in life when vulnerabilities begin to emerge” (49). Similarly, according to Westerhof and Wurm (3), midlife “marks the shift from the predominance of growth and gains to an increasing risk of age-related losses” (p. 152). Therefore, increases in perceived age-related losses can be expected from midlife on. However, as not all perceived age-related changes are necessarily negative, and since late midlife might be a time in which changes—positive as well as negative ones—are particularly frequently attributed to aging (50), it is possible that not only perceived loss- but also age-related gains increase in midlife. Examples for potential age-related gains are interpersonal relations as well as socio-cognitive and social-emotional functioning, which do not necessarily reveal negative trends with advancing age; rather, emotionally meaningful relationships get more important with advancing age (51), and the family network remains stable from adolescence into old age, whereas the friendship network as well as other networks decrease (52). Also, according to empirical evidence, social relationships get more positive across adulthood (53), and the extent to which social needs are fulfilled is very similar between different age groups ranging from emerging adults to oldest-old individuals (54). Individuals may invest more resources in interpersonal relations when getting older and, in consequence, may even perceive gains in this domain. At the same time, developmental gains and losses can co-occur (15), and AARC gains and losses have been found to be positively interrelated (21, 22). Older adults might thus not only perceive more gains, but also—due to factors such as widowhood, death of age peers etc- more losses in interpersonal relations compared to middle-aged adults. With regard to socio-cognitive and socio-emotional functioning, certain aspects or skills such as affect regulation and emotional stability seem to improve with age (55, 56), so that individuals might in consequence perceive more gains in this domain when getting older.

These examples underline the importance of distinguishing between different AARC domains when investigating age-related change in perceived AARC gains and losses. In addition, given that depending on the specific domain, changes might be more or less likely attributed to age (50), a domain-specific perspective on AARC change is imperative. To additionally analyze to what extent change dynamics in AARC are indeed multidirectional, or rather follow a trend of dedifferentiation and general decline– as has been observed in cognitive aging research with regard to changes in different cognitive abilities and their couplings (57, 58)—we will also investigate the associations between levels and changes of the different AARC subdomains.



Personality and Age Stereotypes as Antecedents of AARC

According to the theoretical framework developed by (59), both distal and proximal antecedents shape an individual's awareness of age-related change. Previous findings (22, 50, 60) show the particular relevance of two of these antecedents, namely personality (distal antecedent) and age stereotypes (proximal antecedent) for AARC. In addition, both personality as well as age stereotypes might affect the general likelihood of experiencing life events and changes—which might be interpreted as age-related— (61, 62).


Personality Traits as Distal Antecedents of AARC

Personality traits, such as the Big Five (63, 64) affect individuals' attitudes and mindset and might therefore also have an impact on how individuals perceive their aging. This is most obvious for neuroticism as a general disposition of emotional instability and a tendency to worry. Higher neuroticism might be associated with a greater focus on perceived age-related losses than on age-related gains. It might also promote the experience of losses since individuals scoring high on neuroticism tend to have suboptimal, passive and less effective coping strategies (65, 66), potentially also when coping with age-related changes and challenges. Greater neuroticism is also positively associated with physical symptom reporting (67), which might in turn trigger perceptions of age-related losses.

Regarding the other Big Five traits, a higher openness to experience could also include a higher openness toward the aging process per se and its ambiguity, so that not every perceived age-related change might be perceived as negative among individuals with high openness scores. Greater extraversion and agreeableness are associated with characteristics of social networks [such as larger friend network size; higher felt closeness to confidants; (68)] and also with adaptive coping strategies such as support seeking, positive reappraisal or problem-focused coping (65, 66), which might be also helpful when facing age-related changes. Finally, higher conscientiousness, a trait associated with better health behaviors, better health and longevity (69–71), might help individuals to influence their aging in a way that results in perceptions of fewer age-related losses and of more age-related gains. In conclusion, extraversion, openness, agreeableness and conscientiousness are expected to promote the perceptions of age-related gains and to be inversely associated with perceived age-related losses.

With regard to empirical evidence, Kornadt et al. (72) investigated longitudinal associations between personality traits and attitudes toward own aging in middle-aged and older adults across a time period of 20 years. They found that lower neuroticism, higher conscientiousness, as well as higher openness were predictors of more positive attitudes, whereas the effect of extraversion varied in direction over time. Shenkin et al. (73) investigated personality predictors of attitudes to aging (psychosocial loss, physical change, psychological growth) in older adults. Greater neuroticism predicted greater psychosocial loss. All three attitudes to aging dimensions were more positive among individuals scoring higher on extraversion, agreeableness and conscientiousness. Higher openness scores were related with more positive perceptions of physical change and psychological growth. Apart from physical change perceptions, which were most closely related with indicators of physical function, personality traits contributed—together with anxiety and depression—to the greatest proportion of variance in attitudes to aging accounted for, with their predictive impact exceeding the one of socio-demographic variables as well as of cognitive and physical functioning.

With regard to AARC, Rupprecht et al. (60) investigated the role of personality traits for AARC trajectories across 4.5 years in adults aged 40 to 98 years. Their analyses yielded a positive cross-sectional association between neuroticism and AARC losses, but neuroticism was, besides openness and conscientiousness, also positively associated with AARC gains. Longitudinally, only higher conscientiousness was a predictor of decreases in AARC losses over time. In the current study, we use the same data set as analyzed by Rupprecht et al. (60), but extend their findings by investigating more measurement occasions, by taking a domain-specific, multidimensional and –directional perspective on AARC changes and also by considering the role of age stereotypes for AARC, in addition to personality. Also, potential interactions of personality with age stereotypes as predictors of AARC trajectories will be investigated.



Age Stereotypes as Proximal Antecedents of AARC

Beliefs and perceptions about older people and the aging process in general are of considerable significance in determining whether change is perceived as age-related or not (50). Age stereotypes serve as expectations against which changes are interpreted. Thus, if persons believe that a certain characteristic will change as a function of age, they are more likely to attribute experienced changes to age. Besides, according to stereotype embodiment theory (74) and according to the conception of “age stereotype internalization/contamination” (75, 76) as well as other conceptual frameworks [e.g., (4)], age stereotypes are internalized and become increasingly self-relevant with advancing age. When growing older, individuals become targets of their own age stereotypes so that their age stereotypes might turn into a self-fulfilling prophecy. Therefore, it is very likely that negative age stereotypes predict fewer perceptions of age-related gains as well as less favorable change of these perceptions, whereas they are associated with more perceived age-related losses and an increase thereof over time. Indeed, based on longitudinal data with a sample of German and US middle-aged and older adults, Brothers et al. (22) found that negative age stereotypes predicted greater perceived age-related losses as well as fewer perceived age-related gains ~2.5 years later. AARC gains and losses also seemed to mediate associations of age stereotypes with subsequent mental and physical health.

Regarding potential interactions between personality and age stereotypes, we refer again to the theoretical framework by Diehl et al. (59), which postulates that distal and proximal antecedents of AARC may interact. Therefore, we will also investigate interactions between age stereotypes and personality traits. For instance, it is possible that certain stereotype-personality constellations, such as negative age stereotypes combined with high neuroticism, are particularly predictive of greater perceived age-related losses and fewer age-related gains, whereas personality traits such as conscientiousness or openness might to some extent operate in a compensatory way, potentially counteracting the presumed detrimental impact of negative age stereotypes on awareness of age-related change. Furthermore, we will control for the additional categories of distal antecedents postulated in the (59) model, namely sociodemographic antecedents (age, gender, education) and biological/health-related antecedents (subjective health).




The Present Study

Awareness of age-related change (AARC) is a rather recent construct that was found to be important for health and well-being in late life. Evidence with regard to AARC change and its determinants is still scarce. We will therefore investigate trajectories of the global AARC gain and loss scales as well as of different AARC gain and loss subdimensions over approximately 5 years in a sample of middle-aged and older adults. Our study aims are

1. To describe trajectories of AARC-Gains and AARC-Losses in general as well as across the different subdomains (health and physical functioning, cognitive functioning, interpersonal relations, social-cognitive and social-emotional functioning, as well as lifestyle and engagement). Further, to determine the extent to which changes in AARC domains are interrelated and potentially dedifferentiated vs. multidirectional and independent of each other.

2. Following the conceptual framework by Diehl et al. (59), we also aim at investigating the role of personality traits and age stereotypes as distal and proximal antecedents for general AARC gains and losses as well as their changes (controlling for age, gender, education and subjective health). For these analyses, we focus solely on the two overarching AARC scales rather than on the gain and loss subdomains. We decided for this approach in order to limit the number of statistical models, to avoid the risk of Type I error inflation due to multiple testing, to reduce the complexity of results, as well as for the sake of comparability with previous studies, which mostly used the broad AARC scales without a differentiation of subdomains. We expect that higher neuroticism scores might predict more perceived age-related losses and gains over time, whereas the other Big Five traits might be positively related with change in AARC gains, but negatively with change in AARC losses. Negative age stereotypes are expected to be related with perceptions of fewer age-related gains and of more age-related losses over time.




MATERIALS AND METHODS


Sample

We used data from three measurement occasions (T1 in 2012, n = 423; T2 in 2015, n = 356; T3 in 2017, n = 299). The data were collected via paper-pencil questionnaires that were sent to the study participants with paid return service.

We decided not to include the fourth measurement occasion (T4 in June-September 2020, n = 233) for the following reasons: First, the COVID-19 outbreak in spring 2020 in Germany with its far-reaching consequences for individuals' lives, well-being and attitudes (77, 78) might have also affected how individuals perceive their own aging (38, 79). The “normative” age-related changes in AARC, which are of primary interest in this study, might thus be biased when including this peri-pandemic measurement occasion. Moreover, at T4, a short-form for the assessment of AARC was used [AARC-10 SF (25)], comprising only 10 items and thus not allowing for a differentiation of AARC subdomains. Finally, data were to a large extent (79%) collected online in 2020, whereas only paper-pencil questionnaires were administered from 2012 to 2017, which might have implications with regard to potential assessment mode effects that could bias estimates of AARC changes.

All individuals provided written informed consent prior to the study participation at each measurement occasion. Approval for Wave 4 of the longitudinal data used in this study was received from the Institutional Ethics Review Board of the Faculty of Behavioral and Empirical Cultural Sciences of Heidelberg University (AZ Wahl 2020 1/1). Wave 3 was approved by the same board with a letter dating from February 17, 2017 (no protocol no.). Waves 1 and 2 were approved by the Colorado State University (CSU) Institutional Review Board (IRB) protocol #10-2080H based on a formal cooperation between Heidelberg University and CSU. All study participants were informed that they could change their minds and withdraw their agreement at any time. Contact data of the participants were stored locally on a university computer as a data file with password protection. Participants were also informed that their data were used and analyzed solely for scientific purposes, and that their data were not shared with any third parties. Analyses of the data was done with personal identifiers removed. Data are archived for 10 years, in agreement with the recommendations of the German Research Foundation. This study was designed and organized in line with the rules and guidelines specified in the “Leitlinien zur Sicherung guter wissenschaftlicher Praxis,” 2019 [GOOD RESEARCH PRACTICE. Guidelines for Safeguarding Good Research Practice, 2019; access via: https://wissenschaftliche-integritaet.de/en/code-of-conduct/) by the German Research Foundation.

A sample description is provided in Supplementary Table 1. Study participants were 40–98 years old at baseline (M = 62.94 years, SD = 11.84 years). The majority of the sample (64.3%, n = 272) were women. Individuals participated up to three times (M = 2.55, SD = 0.71; individuals with one study participation: n = 54 [12.8%]; individuals with two study participations: n = 83 [19.6%]; individuals with three study rocher participations: n = 286 [67.6%]).



Measures
 
Awareness of Age-Related Change (AARC)

A questionnaire comprising 50 items [AARC-50, comprising 25 gain-related items and 25 loss-related items (21)] was used for the assessment of AARC. All items begin with the stem “With my increasing age, I realize that...,” which is followed either by a gain-related (e.g., “…my friendships and relationships have become stronger”) or a loss-related statement (e.g., “…I am more forgetful”). Participants indicated their agreement to each statement on a 5-point response scale from 1 (=not at all) to 5 (=very much). Brothers et al. (21) found a 2-factor solution for this questionnaire, both based on exploratory and confirmatory factor analysis, with the gain and loss scales constituting one overarching gain and loss factor. They also demonstrated convincing psychometric properties of the instrument in terms of scale and item reliability, convergent and divergent validity, and predictive validity.

All gain-related and all loss-related items were combined into a mean score of general AARC gains (Cronbach's α T1–T3:0.92, 0.92, 0.93) and general AARC losses (Cronbach's α T1–T3:0.92, 0.92, 0.93), respectively. Moreover, as the questionnaire includes 10 items for each subdomain (gains/losses in health and physical functioning, cognitive functioning, interpersonal relations, social-cognitive/social-emotional functioning, and lifestyle and engagement), mean gains and losses score for each subdomain were computed as well (Cronbach's α gains and losses across all domains and measurement occasions are listed in Supplementary Table 1 and ranged from 0.67 to 0.87).



Personality

At the first measurement occasion, the Big Five personality traits were assessed based on the NEO Five Factor Inventory [NEO-FFI (80)]. Each trait was assessed by 12 items, with a 5-point response format (1 = completely untrue, 5 = completely true); Cronbach's α at T1: neuroticism 0.83; extraversion: 0.77; openness: 0.62; agreeableness: 0.69; conscientiousness:0.80.



Age Stereotypes

The multidimensional age stereotype scale (20) was used to measure age stereotypes. This assessment instrument differentiates between eight stereotype domains (physical and mental fitness, health, and appearance; family and partnership; friends and acquaintances; personality and way of living; work/employment; spirituality; finances; leisure). Each stereotype domain consists of 3–4 items. Every item comprises two opposing statements representing a stereotypic belief about older adults and is answered on an 8-point Likert scale in-between these statements. As an example, one of the items belonging to the friends and acquaintances subscale is “Older persons… (1) …have problems establishing new friendships” to “(8) …can easily establish new friendships.” As we were interested in the association of general, rather than domain-specific, age stereotypes with AARC and AARC changes, we computed a mean score of age stereotypes across all 25 items, resulting in a very high internal consistency (Cronbach's α at T1:0.90).



Covariates

We took sociodemographic and health-related antecedents of AARC, specified as distal antecedents in the (59) framework, into account by controlling for age, gender, education and subjective health in all analyses. Education was measured by years of schooling. Self-rated health was assessed by a single-item question (“How would you rate your health in general?”) with a 5-point response format ranging from 1 (excellent) to 5 (poor).




Analyses

We computed longitudinal multilevel regression models (81, 82) to investigate the linear trajectories of general AARC gains and losses, as well as of domain-specific AARC gains and losses, controlling for age, gender, education, and subjective health. To test for non-linear associations of baseline age with the AARC domains at baseline as well as with AARC changes, we included an age2 term, which remained in the model only if it reached statistical significance. By using full information maximum likelihood (FIML) estimation, we made sure that all information was used for parameter estimations, including data from those study participants who dropped out of the study and who thus provided only one or two observations.

To quantify the extent to which the different AARC domains—and particularly their changes—are interrelated, we analyzed the correlations of the individual level and slope estimates, as obtained from the multilevel regression analyses, across all subdomains. Finally, we additionally included the Big Five personality traits, age stereotypes and their interactions as predictors of general AARC gains and losses as well as of their trajectories. Due to missing values on the covariates and on specific AARC items, the sample size for these analyses ranged from 397 (models including personality, age stereotypes, and all covariates) to 410 (models including all covariates).




RESULTS


Trajectories of AARC Gains and Losses

Controlling for age, gender, education, and subjective health, the following mean-level changes in AARC gains and losses were identified (see Tables 1, 2 and Figures 1, 2): There was a mean-level decline in general AARC gains (by about 0.06 points per year), whereas mean-level change in general AARC losses was not significant (p =0.08), indicating overall stability across 5 years.


Table 1. Longitudinal multilevel regression models of changes in AARC gains.

[image: Table 1]


Table 2. Longitudinal multilevel regression models of changes in AARC losses.
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FIGURE 1. Trajectories of AARC gains. Figures adapted from Gerstorf et al. (84). The figure shows model-implied 5 year within-person changes in AARC gains by baseline age as short, thick lines. The single linear age trend in AARC gains is shown as long, thin line. Models are adjusted for gender, education, and self-rated health. The graphs illustrate a general trend of 5 year declines in AARC gains across the different domains (with the exception of interpersonal relations, which—on average—remained stable over 5 years). At the same time, baseline AARC gains in general as well as with regard to health and physical functioning were greater among older adults compared to middle-aged individuals. Gains in lifestyle and engagement at baseline were nonlinearly related with age (see Supplemental Figure 1).



[image: Figure 2]
FIGURE 2. Trajectories of AARC losses. Figures adapted from Gerstorf et al. (84). The figure shows model-implied 5 year within-person changes in AARC losses by baseline age as short, thick lines. The single linear age trend in AARC losses is shown as long, thin line. Models are adjusted for gender, education, and self-rated health. The graphs illustrate a general trend of mean-level stability in AARC losses across the different domains, with the exception of losses in interpersonal relations and in lifestyle and engagement, which decreased over time. At the same time, perceived losses in general and across most domains at baseline were greater among individuals who were older. Only losses in socio-cognitive/social-emotional functioning were not related with age. The association of losses in interpersonal relations with age was non-linear (see Supplemental Figure 1).


With regard to gain subdomains, AARC gains in health and physical functioning declined, on average, over time (by about 0.06 points per year). Also, AARC gains in cognitive functioning revealed a significant mean-level decline (by about 0.08 points per year), whereas AARC gains in interpersonal relations remained, on average, stable over 5 years. Mean-level declines in AARC gains regarding social-cognitive/social-emotional functioning (by about 0.04 points per year) and regarding lifestyle and engagement (by about 0.08 points per year) were both significant.

Regarding subdomains of AARC losses, there was no significant change in perceived age-related losses of health and physical functioning as well as in social-cognitive/social-emotional functioning. Also, perceptions of losses in cognitive functioning remained, on average, stable over time. Perceived losses in interpersonal relations revealed a significant mean-level decline, which amounted to an annual decrease of about 0.02 points. Also, perceived losses in lifestyle and engagement significantly declined by, on average, 0.04 points per year.

In terms of covariates, age was positively associated with general baseline AARC gains and with gains in health and functioning. Age was non-linearly related with gains in lifestyle and engagement at baseline, which were highest among individuals in early-old age, but lower in middle-aged and very-old adults (see Supplementary Figure 1). Apart from these cross-sectional associations of age at baseline with AARC scores at baseline, an older age was also significantly related with a steeper longitudinal decline in general AARC gains as well as in gains in cognitive functioning and in lifestyle and engagement over time. Individuals who were older also had higher baseline general AARC loss scores and higher baseline loss scores in health and functioning, cognitive functioning, as well as lifestyle and engagement. The association of age with baseline AARC losses in interpersonal relations was non-linear (see Supplementary Figure 1), with particularly high baseline loss scores among the oldest-old.

Women had higher scores on general AARC gains at baseline as well as on gains in social-cognitive/social-emotional functioning than men. However, they also scored higher on baseline AARC losses in in social-cognitive/social-emotional functioning, and in lifestyle and engagement than men. Rate of change in AARC gains and losses, both for the general scales as well as across the different AARC subdomains, did not differ by gender.

More years of education were associated with a steeper decline in general AARC gains and in gains regarding social-cognitive/social-emotional functioning as well as lifestyle and engagement. At the same time, higher education was related with higher baseline gain scores in social-cognitive/social-emotional functioning.

Finally, a poorer subjective health was associated with less decline in general AARC gains and in gains related to health, cognitive functioning, and social-cognitive/social-emotional functioning. However, the association of subjective health with AARC seems to be complex, as all baseline AARC loss scores—with the exception of those referring to interpersonal relations—were higher among those reporting poorer health, although poorer health was also associated with steeper longitudinal decreases in AARC health losses.

Overall proportional reduction in residual variance (computed according to Xu (83)) across the models ranged from 0.09 ≤ R2 ≤ 0.21 for all AARC gain domains and from 0.09 ≤ R2 ≤ 0.14 for all AARC loss domains.



Intercorrelations of AARC Levels and Changes

Regarding the intercorrelations of AARC levels (see Table 3, values above the diagonal), all intercorrelations were positive. Higher perceived gains are thus related with higher perceived losses. For general AARC gains and losses, this correlation was r = 0.31. General AARC gains were strongly related with all domain-specific gains, and similarly, general AARC losses revealed strong associations with domain-specific losses (all r > 0.67). Generally, and not surprisingly, levels within gains and within losses were more strongly interrelated (all r > 0.35) than were gain levels with loss levels across the different domains (0.07 ≤ r ≤ 0.38).


Table 3. Associations between AARC domains.
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Associations between AARC changes (see Table 3, values below the diagonal) were generally weaker than those between AARC levels, but associations were again—apart from two exceptions pointing at very small negative associations—consistently positive. Steeper declines in AARC gains over time thus seem to be associated with steeper declines in AARC losses. However, several correlations were small and below 0.20. For instance, the association between change in general AARC gains and change in general AARC losses was r =0.18. Change in general AARC gains was positively related with change in domain specific gains (0.12 ≤ r ≤ 0.62), and the same was true—with stronger intercorrelations—for change in general and domain-specific losses (0.41 ≤ r ≤ 0.80). The strongest change correlations were found between general AARC losses and AARC losses in health (r = 0.80) as well as between general AARC losses and AARC losses in social-cognitive/social-emotional functioning (r = 0.78). Changes within gains (0.12 ≤ r ≤ 0.62), and within losses (0.17 ≤ r ≤ 0.80) were more closely interrelated than changes in gain-loss pairings (−0.02 ≤ r ≤ 0.31). The changes in gains with regard to lifestyle and engagement were not significantly related with changes in any loss domain, and the changes in losses related to cognitive functioning were not significantly related with changes in any gain domain. Generally, our findings do not support the assumption of a dedifferentiated trend of very strongly coupled AARC changes.



The Role of Personality and Age Stereotypes for Trajectories of General AARC Gains and Losses

When investigating the role of personality traits and age stereotypes as well as their interactions for the prediction of AARC gains and losses, we retained—for the sake of model parsimony—only those personality-stereotype interaction terms in the models that reached statistical significance. Regarding the associations of personality and age stereotypes with general AARC gains, higher neuroticism, higher openness, higher conscientiousness, and more positive age stereotypes were significantly related with more perceived AARC gains at baseline (see Table 4). Moreover, there was a significant interaction of neuroticism with age stereotypes: The relationship of higher Neuroticism with more AARC gains at baseline was stronger when age stereotypes of an individual were more positive (see Figure 3). Neither personality traits nor age stereotypes (nor their interactions) were predictors of changes in general AARC gains over time.


Table 4. Longitudinal multilevel regression models: personality and age stereotypes as predictors of changes in AARC gains and losses.
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FIGURE 3. Associations of neuroticism with general AARC gains, by age stereotypes, and with general AARC losses. Left Figure: Both greater neuroticism and more positive age stereotypes predicted higher general AARC gain scores at baseline. Additionally, the interaction of neuroticism with age stereotypes reached statistical significance, indicating that the association between greater neuroticism and higher AARC gain scores was stronger among individuals who had more positive age stereotypes. Right Figure: Individuals scoring higher on neuroticism reported greater general AARC losses at baseline, but, at the same time, decline in AARC losses over time was also steeper among those scoring higher on neuroticism.


General AARC loss scores at baseline were higher among individuals with more negative stereotypes, as well as among those scoring higher on neuroticism (see Table 4 and Figure 3). No other personality trait was significantly related with general AARC losses, and no significant personality-age stereotypes interactions emerged. With regard to change in AARC losses, higher neuroticism—though associated with higher AARC losses at baseline—predicted a steeper decrease in AARC losses over time (see Figure 3).




DISCUSSION

Research on views on aging needs to better consider the multidimensionality of views of aging and the multidirectionality of their changes over time (33). In this study, we therefore investigated trajectories of awareness of age-related change (AARC) over up to ~5 years, including overall gains and losses as well as gains and losses across 5 subdomains (health and physical functioning, cognitive functioning, interpersonal relations, social-cognitive and socio-emotional functioning, lifestyle and engagement). We also analyzed how personality traits and age stereotypes, as well as their interactions, are associated with AARC and changes thereof.


Developmental Trajectories of AARC Gains and Losses

Controlling for age, gender, education, and self-rated health, we found that overall AARC gains, as well as all AARC gain subdomains—except gains in interpersonal relations, revealed a mean-level decline. For AARC losses, a significant mean-level decline was observed only for losses in interpersonal relations and in lifestyle and engagement, whereas all other domains remained, on average, stable over time. Decreasing AARC gains over time have been reported before (38), also in very old adults (35), whereas stability in AARC losses is not in line with the available prior evidence. However, as pointed out before, prior longitudinal findings on AARC trajectories are scarce and limited to overall AARC gains and losses, rather than to AARC subdomains.

Across most domains, individuals thus tend to perceive decreasing gains over time, although this trend is—at least from a mean-level perspective—not accompanied by perceiving increasing losses over time. It might be the case that decreasing gains are particularly salient in later life, whereas losses occur more gradually over time and are maybe anticipated to a stronger extent by aging individuals than decreasing gains. The relation of changes and their attribution to age might also be rather complex and change over time (50). The only domain not revealing a mean-level gain decline, but at the same time revealing a mean-level loss decline, is the one of interpersonal relations. This domain could thus be a particularly “loss-resilient” resource (53, 54).

It could be argued that such mean-level trends are misleading, as they do not take differences in change according to baseline age into account. Indeed, we found that among those who were older at baseline, decreases in general AARC gains and in gains related to cognitive functioning and lifestyle and engagement were steeper; however, also AARC losses in cognitive functioning revealed a steeper decrease over time with advancing chronological age. Thus, at least across some domains, decreases in perceptions of gains are more pronounced with increasing age, which might reflect objective age-related declines in domains such as cognitive functioning [e.g., (41, 46, 85)]. However, the pattern of AARC changes and their association with chronological age is even more complex. For instance, not only perceived gains in cognitive functioning decreased to a stronger extent among individuals who are older, but also perceived losses in the same domain. Moreover, whereas most AARC gain domains revealed a trend toward decline over time, baseline age differences in overall AARC gains as well as in AARC gains regarding health and functioning were in favor of older adults. Baseline age and gains in lifestyle and engagement were non-linearly associated, with highest scores among young-old individuals and lower scores among middle-aged and (very) old adults. This finding might reflect the so-called “honeymoon effect” (86, 87) among individuals who just retired from work and now perceive plenty of options with regard to lifestyle and leisure activities. Baseline age and AARC loss domains were positively interrelated (except for the age association with losses in social-cognitive/socio-emotional functioning, which was not significant), that is, with advancing age individuals perceived more losses across the different domains. This age effect was particularly striking with regard to losses in interpersonal relations which were non-linearly associated with age and thus seem to accumulate in old and very old age. This is in line with findings of an increased prevalence of loneliness in very old age [e.g., (88, 89)], although reported findings are not entirely consistent, and not all studies confirm such an age trend in loneliness [e.g., (90)]. This age pattern also calls into question our interpretation of the “age resilience” with regard to interpersonal relations: Although perceived gains in interpersonal relations remained, on average, stable over time, and perceived losses in this domain even decreased, levels of AARC losses in interpersonal relations were higher among individuals who were older.

This complex pattern of divergent trends of longitudinal change in AARC vs. cross-sectional age differences in AARC at baseline underlines the importance and necessity to investigate AARC longitudinally: The age group differences in several AARC gains that are in favor of older adults should not be misinterpreted as evidence for longitudinal increase in AARC gains over time, as we actually observed mean-level decreases in most AARC gain domains over time. Similarly, the positive associations between age and most AARC loss domains at baseline are in contrast to the observed stable or decreasing AARC losses over time. Age differences in AARC gains and losses could thus reflect cohort rather than aging effects. According to Beyer et al. (91), there has indeed been a secular change toward less loss-oriented views on aging, which is in line with the positive cross-sectional association of age with AARC losses—if interpreted as a cohort effect—that we observed. However, Beyer et al. (91) also report a cohort effect toward more gain-oriented views on aging in terms of perceptions of continuous growth, which is in contradiction to our observation of higher baseline AARC gains across several domains among individuals who were older at baseline and thus represent earlier-born birth cohorts. Also, Wahl et al. (92) did not find any cohort differences in attitude toward own aging. Available findings with regard to cohort trends in views on aging are thus scarce and not consistent, and more research is required.

Another explanation for the discrepancy of longitudinal change trends vs. cross-sectional age differences in our study could be that 5 years might not be sufficient to observe a meaningful increase in AARC losses. The overall stability or even decrease AARC loss domains could also imply that middle-aged and older adults might be successful in preventing (perceived) losses. The underlying reason or mechanism might be that from midlife to older age, the general goal focus shifts, due to changes in the overall gains-losses ratio, toward prevention of loss, rather than toward increases of gains (18, 93), which might also explain why decreases in AARC gains over time were observed in this study.



Intercorrelations of AARC Levels and Changes

However, mean-level changes in AARC gains and losses are by no means sufficient for a comprehensive understanding of dynamics in AARC, and particularly of couplings across AARC changes. Therefore, we additionally investigated to what extent baseline scores across all AARC gain and loss domains, as well as their changes over time are interrelated. Little evidence was found for an “AARC dedifferentiation” in terms of uniform and strongly interrelated changes across the different AARC domains: Baseline AARC gains and baseline AARC losses revealed stronger associations than changes in AARC gains and AARC losses. Not surprisingly, levels and changes within AARC gain domains and within loss domains were more strongly interrelated than correlated changes of gain-loss constellations. Finally, both levels and changes of gains and losses were mostly positively, though overall weakly interrelated. That is, individuals scoring higher on certain AARC gain domains tended to score also higher in AARC loss domains, which is in line with prior research (21, 22). In addition, individuals revealing steeper decreases in AARC gain domains also tended to reveal steeper decreases in AARC loss domains. There might thus be an overall sensitivity to age-related change, and those who reveal such a higher sensitivity score higher on both AARC losses and gains, whereas individuals who are less sensitive and attentive toward age-related changes score lower on both AARC losses and gains. However, none of the correlations between intercepts or slopes of gain-loss pairings, all adjusted for age, gender, education, and self-rated health, reached a large effect size [i.e., all r < 0.50 (94)], and only one correlation of change in AARC gains with change in AARC losses reached a medium effect size (r ≥ 0.30). AARC gains and losses are thus to a large extent independent of each other, and their changes do not follow a pattern of dedifferentiation and strong coupling. A stronger coupling seems to exist between overall AARC loss changes and changes in the different AARC loss domains than between overall AARC gain changes and changes in the AARC gain domains. Perceiving change in general AARC losses over time might thus “spread” across the different AARC domains which are all perceived to change, whereas such a coupling is less pronounced within AARC gains.



The Role of Personality and Age Stereotypes

With regard to associations between personality traits and general AARC gains and losses, we found that higher neuroticism scores were associated with both greater AARC gains and greater AARC losses at baseline. Additionally, higher openness and conscientiousness were associated with greater AARC gains at baseline. Only one personality trait reached statistical significance as predictor of AARC changes, namely neuroticism, with greater neuroticism predicting a steeper decline in AARC losses. These findings largely correspond to the findings reported by Rupprecht et al. (60), which were based on the same data set, as well as to findings relating personality to other views on aging domains (72, 73). However, we were not able to replicate the association of conscientiousness with change in AARC losses reported by Rupprecht et al. (60); instead we found a longitudinal association of greater neuroticism with steeper decline of AARC losses. This discrepancy could be due to different statistical approaches, to a different set of covariates and predictors (for instance, we additionally included age stereotypes as predictors) as well as to a different number of measurement occasions [we included one additional measurement occasion compared to Rupprecht et al. (60)].

Generally, our findings suggest that associations of personality with AARC mostly emerge on a cross-sectional level, whereas only neuroticism was significantly related with change in AARC losses. The role of neuroticism is particularly interesting and complex, as greater neuroticism was related with both greater AARC gains and AARC losses at baseline. Additionally, it was related with a greater decrease in AARC losses over time. Rupprecht et al. (60) discuss in this context that “This association [between neuroticism and AARC gains] may stem from tendencies toward caution and carefulness in individuals scoring high in neuroticism which may resonate with aspects of AARC gains (e.g., ‘With my increasing age, I realize that I pay more attention to my health')” (p. 64). There might thus be a form of “healthy neuroticism” (95, 96), such as high neuroticism coupled with high conscientiousness, that promotes AARC gains and declines in AARC losses over time. This might be an interesting avenue for further research. Given that greater neuroticism is associated with greater attention to one's own health—which might not only result in greater symptom reporting (67), but also in more frequent medical consultations, check-ups and greater general caution with regard to potential health risks-, such behaviors associated with neuroticism might contribute to reduce AARC losses over time. Alternatively, individuals who score high on neuroticism might also be particularly pessimistic with regard to anticipated age-related changes. When having reached a certain age, these individuals might be surprised that not all anticipated age-related losses have set in, so that their individually perceived AARC losses decrease over time.

Finally, the role of neuroticism for AARC gains was found to be moderated by age stereotypes. With increasing positivity of these stereotypes, the positive associations between neuroticism and AARC gains at baseline was stronger. Neuroticism might thus have a stronger positive impact on AARC gains when an individuals' general age stereotypes are positive, whereas negative age stereotypes mitigate this impact. However, given that this moderating role of age stereotypes was only found for the cross-sectional association between AARC gains and neuroticism, conclusions regarding cause and effect cannot be drawn. It is also important to point out that this interaction effect of personality with age stereotypes was the only one out of 10 potential interactions that reached statistical significance. Associations of personality and age stereotypes with AARC thus seem to be to a large extent independent of each other.

Regarding the role of age stereotypes, we found that more negative age stereotypes were associated with greater AARC losses and fewer AARC gains at baseline, which corresponds to the predictions of stereotype embodiment theory (74) and to other empirical findings (22, 50), although there were no significant longitudinal effects of age stereotypes on AARC changes. Our measurement interval might have been too short to detect such effects. Further research is thus needed to investigate which age stereotypes affect within-person trajectories in views on aging under which circumstances [cf. (50)].



Strengths and Limitations

Research on long-term changes in multidimensional views on aging is still scarce. With this study, we aimed to address this research gap by investigating AARC changes in middle-aged and older individuals over a period of about 5 years, with an explicit distinction between all AARC subdomains. Moreover, this is, to our knowledge, the first study analyzing a multidimensional concept of views on aging in parallel with both personality and age stereotypes, as well as their interaction.

Apart from these strengths, our study is also subject to several limitations. We restricted our measurement interval to about 5 years, comprising 3 measurement occasions. Even though we had a fourth measurement from 2020 at our disposal, we decided not to include it, as it might have been affected by a COVID-19 period effect (38, 79). Moreover, only a short-form of the AARC scale [AARC-10 SF (25)] was included in the 2020 measurement occasion, so that AARC subdomains were not covered. In addition, there was a shift in assessment mode in 2020, from paper-pencil questionnaires to an online survey (at least for the majority of study participants), which might bias estimate of AARC changes between 2012 and 2020. Having only three measurement occasions at our disposal, we were not able to model potential non-linear changes in AARC. Also, our observation period might have been too short to detect an accumulation of AARC losses over time and to identify further effects of personality or age stereotypes on AARC changes. Therefore, future studies on AARC changes based on longer time intervals and more measurement occasions are desirable.

Further, although the original construction of the different AARC subscales were conceptually and empirically driven (14, 16), note that a 10-factor solution has not been confirmed in prior studies. Hence, caution is in place with respect to the interpretation of our domain-specific findings. However, if there was a very high overlap between the AARC domains, and if the AARC domains did not differentiate between different aspects of perceived age-related change, stronger associations between the levels, and particularly the changes, of the AARC domains should have resulted. However, we did not find evidence of strong couplings among the different AARC subdimensions and of an “AARC dedifferentiation.”

The very limited effects of personality and age stereotypes on AARC changes might to some extent be due to our very broad approach of using the Big Five personality traits and general age stereotypes. Personality facets, rather than overall traits, as well specific stereotype domains, rather than general age stereotypes, might be stronger predictors of AARC changes. Also, testing the stereotype-matching hypothesis (97) by linking specific stereotype domains (e.g., regarding health) with congruent AARC subdomains, rather than general age stereotypes and overall AARC gains and losses, might result in stronger longitudinal effects of age stereotypes on AARC, which requires further investigation. Besides, internal consistency (Cronbach's α) of some personality scales was low, so that the effects of personality need to be interpreted with caution. However, Cronbach's α provides a conservative estimation of reliability, and low α scores do not necessarily indicate a lack of reliability, but might also reflect (particularly in the case of openness) that a scale or construct is not unidimensional. Finally, personality traits and age stereotypes are to some extent plastic and changeable (38, 75), also in old and very old age (44, 98, 99), so that changes in personality, age stereotypes and views on aging might be interrelated [see for instance (72)], maybe more strongly than are associations of personality and age stereotypes when considered as time-invariant and thus measured at only one point in time with change in AARC or in other views on aging domains.




CONCLUSION

Our study shows that how individuals perceive their aging process and the changes that are attributed to this process is highly dynamic, depends on the valence (gain vs. loss) and the specific domain of change, as well as on individuals' age, personality and age stereotypes. Overall, our findings regarding the differences in AARC gain and loss trajectories support the conceptualization of views on aging as a multidimensional and multidirectional construct: Whereas a decline in perceived age-related gains—at least in some domains—might be unavoidable for many middle-aged and older adults, individuals seem to be good at “loss management” and to some extent resilient against increases in AARC losses. This knowledge might be used when developing interventions to change views on aging in later life. Future studies also need to take these complexities into account when investigating and disentangling age differences vs. changes of views on aging across the life span.



DATA AVAILABILITY STATEMENT

The dataset presented in this article is not readily available; explicit informed consent from all study participants is, according to the general data protection regulation of the European Union (100), according to German law (101), and according to the ethical principles of the Declaration of Helsinki, mandatory when ever data—even if deidentified—are made available to persons beyond the project team. We also received a clear statement from the Institutional Ethics Review Board of the Faculty of Behavioral and Empirical Cultural Sciences of Heidelberg University, according to which we need explicit consent from study participants to make any data available. Moreover, it is important to point out that absolute deidentification may no longer be warranted as soon as information on only a few sociodemographic variables is available [e.g., (102)]. The “Rat für Wirschafts- und Sozialdaten” [German Data Forum; (103)] states that whenever it is planned and necessary to forward data to research partners, repositories, and other institutions with the purpose of joint use, archiving, or publishing of anonymized data, this needs to be stated already within the informed consent for study participant (p. 27; original citation in Germany language: “Auch eine möglicherweise geplante und notwendige Weitergabe von Daten an Forschungspartner, Repositorien und andere Stellen zum Zwecke der gemeinsamen Bearbeitung, einer Archivierung bzw. Nachnutzung oder einer Veröffentlichung in anonymisierter Form ist bereits in der Einwilligung zu verankern”). The informed consent text which the study participants received in this study was quite restrictive and therefore leaves us no permission to share the data, as study participants were assured that their data will under no circumstances be forwarded to any persons who are not involved in this study project. This was a formulation that was recommended in order to give study participants the highest possible control over their data. Sharing the data with researchers via repositories or any other formats would thus be in a clear contradiction to what we communicated to the study participants. Two years after having carried out the study, it is simply not possible to recontact all study participants so as to ask for their consent to share and store the data in a repository. Therefore, there is, unfortunately, no option for data sharing available to us that would not violate German or European data protection law. Still, we declare that we are ready to fully collaborate with scholars aiming to replicate our findings. For example, we are ready to rerun in full transparency in a respective meeting with an interested scholar, online or face-to-face, our original data analytical code with the data on which this article is based, to show the findings, as well as to run additional analyses as requested by such a scholar.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Institutional Ethics Review Board of the Faculty of Behavioral and Empirical Cultural Sciences of Heidelberg University. The patients/participants provided their written informed consent to participate in this study. Approval for Wave 4 of the longitudinal data used in this study was received from the Institutional Ethics Review Board of the Faculty of Behavioral and Empirical Cultural Sciences of Heidelberg University (AZ Wahl 2020 1/1). Wave 3 was approved by the same board with a letter dating from February 17, 2017 (no protocol no.). Waves 1 and 2 were approved by the Colorado State University (CSU) Institutional Review Board (IRB) protocol #10-2080H based on a formal cooperation between Heidelberg University and CSU.



AUTHOR CONTRIBUTIONS

MW computed all statistical analyses and wrote the results section. AK, MW, and H-WW conceptualized the study (introduction section), wrote the discussion section, and contributed to all other parts of the manuscript. All authors were involved in writing the article and approved the submitted version.



FUNDING

The data collection for this study was made possible by funding from the Carl Zeiss Foundation (Project P2017-01-002; HEIAGE, Heidelberg University, Germany) and a Humboldt Research Award to Manfred Diehl and Hans-Werner Wahl based on their Transcoop funding scheme.



ACKNOWLEDGMENTS

The article processing charge was funded by the Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) - 491192747 and the Open Access Publication Fund of Humboldt-Universität zu Berlin.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.902909/full#supplementary-material



REFERENCES

 1. Faudzi FNM, Armitage CJ, Bryant C, Brown LJE. A systematic review of the psychometric properties of self-report measures of attitudes to aging. Res Aging. (2019) 41:549–74. doi: 10.1177/0164027518825117

 2. Hess TM. Seventeen - attitudes toward aging and their effects on behavior. In: Birren JE, Schaie KW, Abeles RP, Gatz M, Salthouse AT, editors. Handbook of the Psychology of Aging. 6th ed. San Diego: Academic Press (2006). pp. 379–406. 

 3. Westerhof GJ, Wurm S. Longitudinal research on subjective aging, health, and longevity: current evidence and new directions for research. Ann Rev Gerontol Geriatr. (2015) 35:145–65. doi: 10.1891/0198-8794.35.145 

 4. Wurm S, Diehl M, Kornadt A, Westerhof G, Wahl HW. How do views on aging affect health outcomes in adulthood and late life? Explanations for an established connection. Dev Rev. (2017) 46:27–43. doi: 10.1016/j.dr.2017.08.002

 5. Kornadt AE, Kessler EM, Wurm S, Bowen CE, Gabrian M, Klusmann V. Views on ageing: a lifespan perspective. Eur J Ageing. (2019) 17:387–401. doi: 10.1007/s10433-019-00535-9

 6. Lawton MP. The Philadelphia geriatric center morale scale: a revision1. J Gerontol. (1975) 30:85–9. doi: 10.1093/geronj/30.1.85

 7. Steverink N, Westerhof GJ, Bode C, Dittmann-Kohli F. The personal experience of aging, individual resources, subjective well-being. J Gerontol Ser B. (2001) 56:P364–73. doi: 10.1093/geronb/56.6.P364

 8. Spuling SM, Klusmann V, Bowen CE, Kornadt AE, Kessler E.-M. The uniqueness of subjective ageing: convergent and discriminant validity. Eur J Ageing. (2019) 17:445–55. doi: 10.1007/s10433-019-00529-7

 9. Kotter-Grühn D, Kleinspehn-Ammerlahn A, Gerstorf D, Smith J. Self-perceptions of aging predict mortality and change with approaching death: 16-year longitudinal results from the Berlin Aging Study. Psychol Aging. (2009) 24:654–67. doi: 10.1037/a0016510

 10. Levy BR, Slade MD, Kunkel SR, Kasl SV. Longevity increased by positive self-perceptions of aging. J Pers Soc Psychol. (2002) 83:261–70. doi: 10.1037/0022-3514.83.2.261

 11. Maier H, Smith J. Psychological predictors of mortality in old age. J Gerontol B Psychol Sci Soc Sci. (1999) 54:P44–54. doi: 10.1093/geronb/54B.1.P44

 12. Tully-Wilson C, Bojack R, Millear PM, Stallman HM, Allen A, Mason J. Self-perceptions of aging: a systematic review of longitudinal studies. Psychol Aging. (2021) 36:773–89. doi: 10.1037/pag0000638

 13. Westerhof G, Miche M, Bothers A, Barrett A, Diehl M, Montepare J, et al. The influence of subjective aging on health and longevity: a meta-analysis of longitudinal data. Psychol Aging. (2014) 29:793–802. doi: 10.1037/a0038016

 14. Diehl MK, Wahl HW. Awareness of age-related change: examination of a (mostly) unexplored concept. J Gerontol B Psychol Sci Soc Sci. (2010) 65B:340–50. doi: 10.1093/geronb/gbp110

 15. Baltes PB, Lindenberger U, Staudinger UM. Life span theory in developmental psychology. In: Lerner RM, Damon W, editors. Handbook of Child Psychology. Theoretical Models of Human Development. Hoboken, New Jersey: John Wiley and Sons Inc. (2006). pp. 559–664. 

 16. Miche M, Wahl HW, Diehl M, Oswald F, Kaspar R, Kolb M. Natural occurrence of subjective aging experiences in community-dwelling older adults. J Gerontol Psychol Sci. (2014) 69B:174–87. doi: 10.1093/geronb/gbs164

 17. Brothers A, Miche M, Wahl HW, Diehl M. Examination of associations among three distinct subjective aging constructs and their relevance for predicting developmental correlates. J Gerontol Ser B. (2017) 72:547–60. doi: 10.1093/geronb/gbv085

 18. Heckhausen J, Dixon RA, Baltes PB. Gains and losses in development throughout adulthood as perceived by different adult age groups. Dev Psychol. (1989) 25:109–21. doi: 10.1037/0012-1649.25.1.109 

 19. Laidlaw K Power MJ Schmidt S WHOQOL-OLD WHOQOL-OLD Group The Attitudes to Ageing Questionnaire (AAQ): development and psychometric properties. Int J Geriatr Psychiatry. (2007) 22:367–79. doi: 10.1002/gps.1683

 20. Kornadt AE, Rothermund K. Contexts of aging: assessing evaluative age stereotypes in different life domains. J Gerontol Ser B. (2011) 66B:547–56. doi: 10.1093/geronb/gbr036

 21. Brothers A, Gabrian M, Wahl HW, Diehl M. A new multidimensional questionnaire to Assess Awareness of Age-Related Change (AARC). Gerontologist. (2018) 59:e141–51. doi: 10.1093/geront/gny006

 22. Brothers A, Kornadt AE, Nehrkorn-Bailey A, Wahl HW, Diehl M. The effects of age stereotypes on physical and mental health are mediated by self-perceptions of aging. J Gerontol Ser B. (2020) 76:845–57. doi: 10.1093/geronb/gbaa176

 23. Dutt AJ, Gabrian M, Wahl HW. Awareness of age-related change and depressive symptoms in middle and late adulthood: longitudinal associations and the role of self-regulation and calendar age. J Gerontol Psychol Sci. (2018) 73:944–53. doi: 10.1093/geronb/gbw095

 24. Dutt AJ, Wahl H.-W. Future time perspective and general self-efficacy mediate the association between awareness of age-related losses and depressive symptoms. Eur J Ageing. (2019) 16:227–36. doi: 10.1007/s10433-018-0482-3

 25. Kaspar R, Gabrian M, Brothers A, Wahl HW, Diehl M. Measuring awareness of age-related change: development of a 10-item short form for use in large-scale surveys. Gerontologist. (2019) 59:e130–40. doi: 10.1093/geront/gnx213

 26. Neupert SD, Bellingtier JA. Aging attitudes and daily awareness of age-related change interact to predict negative affect. Gerontologist. (2017) 57:S187–92. doi: 10.1093/geront/gnx055

 27. Sabatini S, Silarova B, Martyr A, Collins R, Ballard C, Anstey KJ, et al. Associations of awareness of age-related change with emotional and physical well-being: a systematic review and meta-analysis. Gerontologist. (2020) 60:e477–90. doi: 10.1093/geront/gnz101

 28. Zhang S, Neupert SD. Within- and between-person relationships among health, awareness of aging, and control beliefs: a microlongitudinal study. J Gerontol B Psychol Sci Soc Sci. (2021) 76:858–70. doi: 10.1093/geronb/gbaa180

 29. Sabatini S, Ukoumunne O, Ballard C, Collins R, Anstey KJ, Diehl M, et al. Higher perceived age-related gains and losses relate to lower objective cognitive scores. Alzheimer's Dement. (2020) 16. doi: 10.1002/alz.043999 

 30. Sabatini S, Ukoumunne OC, Ballard C, Collins R, Anstey KJ, Diehl M, et al. Cross-sectional association between objective cognitive performance and perceived age-related gains and losses in cognition. Int Psychogeriatr. (2021) 33:727–41. doi: 10.1017/S1041610221000375

 31. Sabatini S, Ukoumunne OC, Ballard C, Collins R, Corbett A, Brooker H, et al. The cross-sectional relationship between pain and awareness of age-related changes. Br J Pain. (2020) 15:335–44. doi: 10.1177/2049463720961798

 32. Kaspar R, Wahl HW, Diehl M. Awareness of age-related change as a behavioral determinant of survival time in very old age. Front Psychol. (2021) 12:727560. doi: 10.3389/fpsyg.2021.727560

 33. Diehl M, Wettstein M, Spuling SM, Wurm S. Age-related change in self-perceptions of aging: longitudinal trajectories and predictors of change. Psychol Aging. (2021) 36:344–59. doi: 10.1037/pag0000585

 34. Sabatini S, Ukoumunne OC, Ballard C, Brothers A, Kaspar R, Collins R, et al. International relevance of two measures of Awareness of Age-Related Change (AARC). BMC Geriatr. (2020) 20:359. doi: 10.1186/s12877-020-01767-6

 35. Kaspar R, Wahl HW, Diehl M, Zank S. Two-year change in subjective views of aging in very-old age: the predictive role of health, functional status, cognitive performance, and engagement with life. Psychol Aging. 

 36. Baltes PB, Smith J. New frontiers in the future of aging: from successful aging of the young old to the dilemmas of the fourth age. Gerontology. (2003) 49:123–35. doi: 10.1159/000067946

 37. Wahl HW, Ehni HJ. Advanced old age as a developmental dilemma: an in-depth comparison of established fourth age conceptualizations. J Aging Stud. (2020) 55:100896. doi: 10.1016/j.jaging.2020.100896

 38. Wahl H.-W., Wettstein M, Tseng H.-Y., Schlomann A, et al. Has the COVID-19 pandemic affected older adults' personal and general views on aging? Evid Losses Gains Dev Psychol. (2022) doi: 10.1037/dev0001348

 39. Henning G, Berg AI, Cengia A, Hansson I, Spuling SM, Wettstein M. Do neuroticism and conscientiousness interact with health conditions in predicting 4-year changes in self-rated health among Swedish older adults? Psychol Aging. (2021) 36:730–743. doi: 10.1037/pag0000626

 40. Jacobs JM, Maaravi Y, Cohen A, Bursztyn M, Ein-Mor E, Stessman J. Changing profile of health and function from age 70 to 85 years. Gerontology. (2012) 58:313–21. doi: 10.1159/000335238

 41. Salthouse TA. When does age-related cognitive decline begin? Neurobiol Aging. (2009) 30:507–14. doi: 10.1016/j.neurobiolaging.2008.09.023

 42. Schaie KW. Developmental Influences on Adult Intelligence: The Seattle Longitudinal Study. 2 ed. (2013).

 43. Wettstein M, Spuling SM, Cengia A, Nowossadeck S, Tesarz J. Associations of age and pain with 9-year functional health trajectories. GeroPsych. (2020) 33:183–95. doi: 10.1024/1662-9647/a000221 

 44. Wettstein M, Tauber B, Wahl HW. Associations between cognitive abilities and 20-year personality changes in older adults in the ILSE study: does health matter?. J Gerontol B Psychol Sci Soc Sci. (2020) 75:1206–18. doi: 10.1093/geronb/gby155

 45. McArdle JJ, Hamagami F, Meredith W, Bradway KP. Modeling the dynamic hypotheses of Gf–Gc theory using longitudinal life-span data. Learn Individ Differ. (2000) 12:53–79. doi: 10.1016/S1041-6080(00)00036-4 

 46. Park DC, Reuter-Lorenz P. The adaptive brain: aging and neurocognitive scaffolding. Annu Rev Psychol. (2009) 60:173–96. doi: 10.1146/annurev.psych.59.103006.093656

 47. Wettstein M, Schilling OK, Wahl H-W. “Still feeling healthy after all these years”: The paradox of subjective stability versus objective decline in very old adults' health and functioning across five years. Psychology and Aging. (2016). 31, 815–30. doi: 10.1037/pag0000137

 48. Diehl M, Smyer MA, Mehrotra CM. Optimizing aging: a call for a new narrative. Am Psychol. (2020) 75:577–89. doi: 10.1037/amp0000598

 49. Infurna FJ, Gerstorf D, Lachman ME. Midlife in the 2020s: opportunities and challenges. Am Psychol. (2020) 75:470–85. doi: 10.1037/amp0000591

 50. Rothermund K, de Paula Couto MCP, Fung HH, Graf S, Hess TM, Liou S, et al. Age-related attributions of experienced changes in life: origins and implications. J Gerontol Ser B. (2021) 76:881–93. doi: 10.1093/geronb/gbaa160

 51. Carstensen LL. The influence of a sense of time on human development. Science. (2006) 312:1913–15. doi: 10.1126/science.1127488

 52. Wrzus C, Hänel M, Wagner J, Neyer FJ. Social network changes and life events across the life span: a meta-analysis. Psychol Bull. (2013) 139:53–80. doi: 10.1037/a0028601

 53. Luong G, Charles ST, Fingerman KL. Better with age: social relationships across adulthood. J Soc Pers Relat. (2011) 28:9–23. doi: 10.1177/0265407510391362

 54. Buijs VL, Jeronimus BF, Lodder GMA, Steverink N, de Jonge P. Social needs and happiness: a life course perspective. J Happiness Stud. (2021) 22:1953–78. doi: 10.1007/s10902-020-00287-9

 55. Carstensen LL, Turan B, Scheibe S, Ram N, Ersner-Hershfield H, Samanez-Larkin GR, et al. Emotional experience improves with age: evidence based on over 10 years of experience sampling. Psychol Aging. (2011) 26:21–33. doi: 10.1037/a0021285

 56. Kessler EM, Staudinger UM. Affective experience in adulthood and old age: the role of affective arousal and perceived affect regulation. Psychol Aging. (2009) 24:349–62. doi: 10.1037/a0015352

 57. de Frias CM, Lövdén M, Lindenberger U, Nilsson L.-G. Revisiting the dedifferentiation hypothesis with longitudinal multi-cohort data. Intelligence. (2007) 35:381–92. doi: 10.1016/j.intell.2006.07.011 

 58. Ghisletta P, Lindenberger U. Age-based structural dynamics between perceptual speed and knowledge in the Berlin Aging Study: direct evidence for ability dedifferentiation in old age. Psychol Aging. (2003) 18:696–713. doi: 10.1037/0882-7974.18.4.696

 59. Diehl M, Brothers A, Wahl HW. Self-perceptions and awareness of aging: past, present, and future. In: Schaie KW, Willis LS, editors. Self-Perceptions and Awareness of Aging: Past, Present, and Future. 9 ed. Academic Press (2021). 

 60. Rupprecht FS, Dutt AJ, Wahl HW, Diehl MK. The role of personality in becoming aware of age-related changes. GeroPsych. (2019) 32:57–67. doi: 10.1024/1662-9647/a000204

 61. Denissen JJA, Luhmann M, Chung JM, Bleidorn W. Transactions between life events and personality traits across the adult lifespan. J Pers Soc Psychol. (2019) 116:612–33. doi: 10.1037/pspp0000196

 62. Voss P, Kornadt AE, Rothermund K. Getting what you expect? Future self-views predict the valence of life events. Dev Psychol. (2017) 53:567–80. doi: 10.1037/dev0000285

 63. Costa PT, McCrae RR. Four ways five factors are basic. Pers Individ Dif. (1992) 13:653–65. doi: 10.1016/0191-8869(92)90236-I

 64. Goldberg LR. An alternative 'description of personality': the Big-Five factor structure. J Pers Soc Psychol. (1990) 59:1216–29. doi: 10.1037/0022-3514.59.6.1216 

 65. Connor-Smith JK, Flachsbart C. Relations between personality and coping: a meta-analysis. J Pers Soc Psychol. (2007) 93:1080–107. doi: 10.1037/0022-3514.93.6.1080

 66. Watson D, Hubbard B. Adaptational style and dispositional structure: coping in the context of the five-factor model. J Pers. (1996) 64:737–74. doi: 10.1111/j.1467-6494.1996.tb00943.x 

 67. Costa PT, McCrae RR. Neuroticism, somatic complaints, and disease: is the bark worse than the bite? J Pers. (1987) 55:299–316. doi: 10.1111/j.1467-6494.1987.tb00438.x

 68. Iveniuk J. Social networks, role-relationships, and personality in older adulthood. J Gerontol Ser B. (2018) 74:815–26. doi: 10.1093/geronb/gbx120

 69. Friedman HS, Kern ML, Hampson SE, Duckworth AL. A new life-span approach to conscientiousness and health: combining the pieces of the causal puzzle. Dev Psychol. (2014) 50:1377–89. doi: 10.1037/a0030373

 70. Graham EK, Rutsohn JP, Turiano NA, Bendayan R, Batterham PJ, Gerstorf D, et al. Personality predicts mortality risk: an integrative data analysis of 15 international longitudinal studies. J Res Pers. (2017) 70:174–86. doi: 10.1016/j.jrp.2017.07.005

 71. Shanahan MJ, Hill PL, Roberts BW, Eccles J, Friedman HS. Conscientiousness, health, and aging: the life course of personality model. Dev Psychol. (2014) 50:1407–25. doi: 10.1037/a0031130

 72. Kornadt AE, Siebert JS, Wahl HW. The interplay of personality and attitudes toward own aging across two decades of later life. PLoS ONE. (2019) 14:e0223622. doi: 10.1371/journal.pone.0223622

 73. Shenkin SD, Laidlaw K, Allerhand M, Mead GE, Starr JM, Deary IJ. Life course influences of physical and cognitive function and personality on attitudes to aging in the Lothian Birth Cohort 1936. Int Psychogeriatr. (2014) 28:1–14. doi: 10.1093/ageing/afu045.4

 74. Levy B. Stereotype embodiment: a psychosocial approach to aging. Curr Dir Psychol Sci. (2009) 18:332–6. doi: 10.1111/j.1467-8721.2009.01662.x

 75. Rothermund K, Brandtstädter J. Age stereotypes and self-views in later life: evaluating rival assumptions. Int J Behav Dev. (2003) 27:549–54. doi: 10.1080/01650250344000208 

 76. Weiss D, Kornadt A. Age-stereotype internalization and dissociation. Contradictory processes or two sides of the same coin? Curr Direct Psychol Sci. (2018) 27:477–83. doi: 10.1177/0963721418777743 

 77. Brakemeier EL, Wirkner J, Knaevelsrud C, Wurm S, Christiansen H, et al. Die COVID-19-pandemie als herausforderung für die psychische gesundheit. Zeitschr Klin Psychol Psychother. (2020) 49:1–31. doi: 10.1026/1616-3443/a000574 

 78. Settersten RA, Bernardi L, Härkönen J, Antonucci TC, Dykstra PA, Heckhausen J, et al. Understanding the effects of Covid-19 through a life course lens. Adv Life Course Res. (2020) 45:100360. doi: 10.1016/j.alcr.2020.100360

 79. Wettstein M, Wahl HW. Trajectories of attitude toward own aging and subjective age from 2008 to 2020 among middle-aged and older adults: partial evidence of a “COVID-19 effect”. Psychol Aging. (2021) 36:790–805. doi: 10.1037/pag0000645

 80. Borkenau P, Ostendorf F. NEO-FFI: NEO-Fünf-Faktoren-Inventar nach Costa und McCrae. 2 ed. Göttingen:Hogrefe (2008). 

 81. Hox JJ, Kreft IGG. Multilevel analysis methods. Sociol Methods Res. (1994) 22:283–99. doi: 10.1177/0049124194022003001 

 82. Ram N, Grimm KJ. Growth curve modeling and longitudinal factor analysis. In: Lerner RM, editor. Handbook of Child Psychology and Developmental Science: Volume 1. Theory and Method. 7 ed. Hoboken, New Jersey: Wiley (2015). pp. 758–88. 

 83. Xu R. Measuring explained variation in linear mixed effects models. Stat Med. (2003) 22:3527–41. doi: 10.1002/sim.1572

 84. Gerstorf D, Drewelies J, Duezel S, Smith J, Wahl HW, Schilling OK, et al. Cohort differences in adult-life trajectories of internal and external control beliefs: a tale of more and better maintained internal control and fewer external constraints. Psychol Aging. (2019) 34:1090–108. doi: 10.1037/pag0000389

 85. McArdle JJ, Ferrer-Caja E, Hamagami F, Woodcock RW. Comparative longitudinal structural analyses of the growth and decline of multiple intellectual abilities over the life span. Dev Psychol. (2002) 38:115–42. doi: 10.1037/0012-1649.38.1.115

 86. Atchley RC. The Social Forces in Later Life: An Introduction to Social Gerontology. Belmont, Calif: Wadsworth Publishing Company (1980). 

 87. Wetzel M, Huxhold O, Tesch-Römer C. Transition into retirement affects life satisfaction: short- and long-term development depends on last labor market status and education. Soc Indic Res. (2016) 125:991–1009. doi: 10.1007/s11205-015-0862-4 

 88. Dykstra PA. Older adult loneliness: myths and realities. Eur J Ageing. (2009) 6:91–100. doi: 10.1007/s10433-009-0110-3

 89. Luhmann M, Hawkley LC. Age differences in loneliness from late adolescence to oldest old age. Dev Psychol. (2016) 52:943–59. doi: 10.1037/dev0000117

 90. Mund M, Freuding MM, Möbius K, Horn N, Neyer FJ. The stability and change of loneliness across the life span: a meta-analysis of longitudinal studies. Pers Soc Psychol Rev. (2020) 24:24–52. doi: 10.1177/1088868319850738

 91. Beyer AK, Wurm S, Wolff JK. Älter werden – Gewinn oder Verlust? Individuelle Altersbilder und Altersdiskriminierung. In: Mahne K, Wolff JK, Simonson J, Tesch-Römer C, editors. Altern im Wandel: Zwei Jahrzehnte Deutscher Alterssurvey (DEAS). Springer Fachmedien Wiesbaden (2017). pp. 329–43. 

 92. Wahl HW, Drewelies J, Duezel S, Lachman ME, Smith J, Eibich P, et al. Subjective age and attitudes toward own aging across two decades of historical time. Psychol Aging. (2021) doi: 10.1037/pag0000649 [Epub ahead of print].

 93. Freund AM, Ebner NC. The aging self: shifting from promoting gains to balancing losses. In: Greve W, Rothermund K, Wentura D, editors. The Adaptive Self: Personal Continuity and Intentional Self-Development. Göttingen: Hogrefe and Huber Publishers (2005). pp. 185–202. 

 94. Cohen J. A power primer. Psychol Bull. (1992) 112:155–9. doi: 10.1037/0033-2909.112.1.155 

 95. Graham EK, Weston SJ, Turiano NA, Aschwanden D, Booth T, Harrison F, et al. Is healthy neuroticism associated with health behaviors? A coordinated integrative data analysis. Collabra Psychol. (2020) 6:32. doi: 10.1525/collabra.266

 96. Turiano NA, Mroczek DK, Moynihan J, Chapman BP. Big 5 personality traits and interleukin-6: evidence for “healthy Neuroticism” in a US population sample. Brain Behav Immun. (2013) 28:83–9. doi: 10.1016/j.bbi.2012.10.020

 97. Levy BR, Leifheit-Limson E. The stereotype-matching effect: greater influence on functioning when age stereotypes correspond to outcomes. Psychol Aging. (2009) 24:230–3. doi: 10.1037/a0014563

 98. Mõttus R, Johnson W, Deary IJ. Personality traits in old age: measurement and rank-order stability and some mean-level change. Psychol Aging. (2012) 27:243–9. doi: 10.1037/a0023690

 99. Wagner J, Ram N, Smith J, Gerstorf D. Personality trait development at the end of life: antecedents and correlates of mean-level trajectories. J Pers Soc Psychol. (2016) 111:411–29. doi: 10.1037/pspp0000071

 100. European Union (2016). General Data Protection Regulation. Retrieved from https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02016R0679-20160504&qid=1532348683434 

 101. Federal Ministry of the Interior. (2019). Federal data protection act. https://www.gesetze-im-internet.de/englisch_bdsg/englisch_bdsg.pd 

 102. Rocher L, Hendrickx JM, de Montjoye Y-A. (2019). Estimating the success of re-identifications in incomplete datasets using generativemodels. Nat. Commun. 10:3069. doi: 10.1038/s41467-019-10933-3

 103. Bäcker M, Golla SJ. (2020). Handreichung Datenschutz. Rat für Sozial- und Wirtschaftsdaten (RatSWD). doi: 10.17620/02671.50 

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wettstein, Kornadt and Wahl. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-13-902909-t002.jpg
Model Estimates

Fixed Regression Coe

Intercept [SE]
Age [SE]
Age? [SE]
Gender [SE]

Education [SE]

Self-Rated Health [SE]

Linear slope 2012-2020 [SE]
Age x Siope [SE]

Gender x Siope [SE]

Education x Slope [SE]
Health x Slope [SE]

Random Variances
Variance Itercept [SE]

Variance Linear Siope [SE]
Cow. Intercept-Slope [SE]

Residual Variance [SE]

BIC
R

AARC Losses
(General)

2135 0.042)
0,010 (0.002)

0.082 [0.053]
—~0.003 [0.013]
0.347"+(0.031)
—0.001 (0.001)
—0.0000.000]
—~0.000 [0.001]
—0.0000.000]
—0.001 [0.001]

0.166**(0.019)
0.000 [0.000]
0.000 [0.000]
0.094***(0.008)
1,333.0
0.105

AARC Losses
Health and
Functioning

2624 (0.062)
0.008" [0.003]

0,080 (0.077)
0.031[0.019]
0592 (0.046)
0.000 (0.001)
~0.000(0.000)
0.000 [0.002)
~0.001 [0.000)
~0.003" [0.001]

0.298"(0.042)
0000 [0.000]
0,000 [0.001)
0.265" (0.021)
22019
0.104

AARC Losses
Cognitive
Functioning

2.218" [0.063)
0013 [0.003]

0.0.090 (0.079)
—0.002 [0.020]
0239 [0.047)
~0.001 (0.001]
~0.000* (0.000]
—0.002 [0.001]
0.000 [0.000]
~0.000 [0.000]

0.432"** [0.041]
0.000* (0.000]
~0.001*0.001]
0.150" [0.012)
1.955.5
0.144

AARC Losses
Interpersonal
Relations

1.500"* [0.045]
0.007**0.002)
0,000 [0.000]
~0.051(0.052)
—0.023 (0.013]
0248 [0.031]
—0.002" [0.001])
~0.000 (0.000]
0.002 [0.001]
0.000 [0.000]
~0.000 (0.001]

0.153"* [0.019]
0.000° (0.000]
~0.000 (0.000]
0.108" [0.008)
1,381,04
0.127

Time unit is months (since 2012). R* was computed according to Xu (83). AARC = Awareness of age-related change.

*p < 0.05;

< 0.07,

‘p < 0.001

AARC Losses
Social-
Cognitive/Social-
Emotional
Functioning

1.986"* [0.054]
0.004 [0.003]

0.190" [0.067)
—~0.016[0.017)
0.277"*(0.040]
~0.001 (0.001)
~0.000{0.000]
—~0.001 [0.001]
—0.000{0.000]
~0.000{0.001]

0.243"10.032)
0.000 [0.000]
~0.000{0.001]
0.188"(0.015)
1,959.5
0.099

AARC Losses
Lifestyle and
Engagement

2280 [0.065)
0,016+ (0.002)

0.154* (0.069)
—0.005 [0.017]

0.367""* (0.041)

~0.008" [0.001]
~0.000 (0.000)
—0.000 (0.001]
~0.000 (0.000)
0,000 (0.001]

0272 ***(0.032)
0.000 (0.000]
~0.0000.001)
0178 (0.014)
19066
0093





OPS/images/fpsyt-13-902909-t003.jpg
1 AARC Gains
2 AARC Gains Health
and Functioning

3 AARC Gains Cogritive
Functioning

4 AARC Gains
Interpersonal Relations
5 AARC Gains
Social-Cognitive/Social-
Emotional

Functioning

6 AARC Gains Lifestyle
and Engagement

7 AARC Losses

8 AARC Losses Health
and Functioning

9 AARC Losses
Cognitive Functioning
10 AARC Losses
Interpersonal Relations
11 AARC Losses
Social-Cognitive/Social-
Emotional

Functioning

12 AARC Losses
Lifestyle and
Engagement

Values above the diagonal correspond to the correlations between intercepts, values below the diagonal correspond to correlations between slopes.
‘p < 0.001.

056"

0.67"

0.48"

0.12*

0.62

018
0.15"

-0.08

0.12*

0.12*

-0.02

2

Lo il

0.45"

041

0.30"

042

0.21"
0.16™

0.07

0.10

018

0.08

0,83
0.56"

0.48"*

0.36"

0.42"

031"
0.26"

0.06

0.23"

0.22"

0.14*

4

0.8
0.50"

0.64

0.45*

0.48"

0.29"
0.23"

0.06

0.22"

0.25"

0.16™

5

0.87"
0.56"

070

0,60

043

022
018

0.09

0.13"

0.21™

0.16™

6

0.8
0.54"

056

Niore

0,69

0.08
0.06

0.03

0.10

0.05

0.02

;&

031
0.26"*

038"

0.30"

0.21

0.16™

0.80*

0.41%

0,60

0.78"

0.66"*

8

019
015"

025

047+

0.13*

0.07

0.79

047+

0327

047

0.4

9

0.5
023

0.3

0.25%

0.15*

0.16™

0.77
0.50"

0.24

0.34

0.26"

10

023
017

0.8

021

0.16™

0.16™

067
0.35"*

0.41%

037

039

1"

0.29"™
0.23"

0.38"

029

0.20"

011"

080
049

0.3

0.48™

0.46"*

12

Q.26
0.20"*

0.36"*

0.26"*

0.16"

0.09

0.87**
0.67

0.50"

0557

.67





OPS/images/fpsyt-13-902909-g003.gif





OPS/images/fpsyt-13-902909-t001.jpg
Model Estimates AARC Gains  AARC Gains Health AARC Gains AARC Gains AARC Gains Social- AARC Gains

(General)  and Functioning Cogitive Interpersonal  Cognitive/Social-  Lifestyle and
Functioning Relations Emotional Engagement
Functioning

Fixed Regression Coefficients
Intercept [SE] 2961 [0.053]  2.928* (0.069) 2,960 [0.060] 2,733 [0.063) 3.062"** (0.069) 3250 (0.080
Age [SE] 00080008 0.010" [0.004] 0.005 [0.003] 0.005 (0.003] ~0.001 (0.004] 0,026 [0.004]
Age? [SE] ~0.001*** (0.000)
Gender [SE] 0.158°(0.066]  0.081(0.087) 0070 [0.075) 0.068 (0.079] 0.414"*10.086) 0.166 (0.093]
Education [SE] 0025 [0.017) 0,007 [0.022) ~0.001(0.019] 0.009 (0.020] 0.064*0.022) 0044 [0.023]
Self-Rated Health [SE] 0034 [0.039] 0,027 [0.051) 0059 [0.045) 0.059 (0.047) 0,004 [0.051) 0036 0.055]
Linear slope 2012-2020 [SE] ~ —0.005*** [0.001]  ~0.005"**[0.001)  —0.007** [0.001) ~0.001 (0.001] ~0.004" [0.001]  —0.007"" [0.002]
Age’Slope [SE] —0.000[0.000]  —0.000 [0.000] —~0.000" [0.000] ~0.000 [0.000] —0.000 [0.000} —0.000" [0.000]
Gender'Siope [SE] 0001[0.001]  —0.000[0.002] 0001 [0.002] 0.001 [0.002] 0.000 [0.002] 0.024(0.002]
Education*Slope SE] ~0.001*0.000]  —0.000[0.000] ~0.000 (0.000] ~0.000 (0.000] ~0.001"[0.000]  —0.001" [0.000]
Health*Slope [SE] 0.002[0.001] 0,008 [0.001] 0.003" (0.001) 0.001 [0.001] 0002 [0.001) 0.002 (0.001]
Random Variances
Variance Intercept [SE] 0.262"(0.030)  0.873" [0.053] 0319 [0.030] 0368 [0.042) 0.476"*+(0.048) 0.465"** (0.059)
Variance Linear Slope [SE] 0.000 [0.000] 0.000 [0.000] 0.000 [0.000] 0.000 [0.000] 0.000** [0.000] 0.000 [0.000]
Cow. Itercept-Slope [SE] 0.001 [0.000] 0.000 [0.000) wa ~0.000 (0.001] —0.001* [0.001) 0.000 [0.000]
Residual Variance [SE] 0.150"*(0.012)  0.8340"* [0.027) 0213 [0.014] 0220 [0.018] 0.208"(0.017) 0.345"* (0.028)
BIC 21,7888 24634 2,1050 2,199.9 22474 26155
R 0.117 0.086 0.167 0.004 0209 0.143

Time unit is months (since 2012). R* was computed according to Xu (83). AARC = Awareness of age-related change.
*p < 0.05; < 0.01; ***p < 0.001,
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-

3002 (0.056)
0.008* (0.003)
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0.023(0017)
0.033(0.042)
0.077* (0.036]
0.141* [0.059]
0.107 [0.066)
0.147* (0.074)
0017 (0.077)
0.186" (0.067)
0.103* (0.049)

~0.004*** [0.001)

~0.000* (0.000]
0.001 (0.001)
~0.001*(0.000]
0.002* (0.001]
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~0.001 (0.001)
0.001 [0.001)

~0.0020.001)

0217 [0.027]
0.000 (0.000]

0.001 (0.000]

0.151"0.012)
1781.3
0.119

AARC Losses (General)

2210 0.041)
0013 (0.001]
-0.0300.052)
0,007 [0.013]
0218 (0.081)
—0.086" [0.027)
0.332** [0.044]
~0.041(0.049)
~0.071(0.055)
0.085 [0.057)
~0.059 (0.050)

~0.001 (0.001)

~0.000" (0.000]
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0.000 (0.001]
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0.001 (0.001]

~0.0010.001)
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0.000 0.000]

0.000 0.000]

0.094"**10.008)
12652
0.109

Time unit is months (since 2012). R was computed according to Xu (89). AARC,
Awareness of age-related change.

*p < 0.0 < 0.01,

‘p < 0.001.
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