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Objectives: Despite the growing evidence regarding the influence of social factors on frailty in older adults, the effect of social support remains unclear. This study aims to assess the association between social support and frailty progression (transition and incidence) in a sample of community-dwelling older adults.

Methods: Using a cohort study design, 1,059 older adults from the Berlin Initiative Study were followed up for 2.1 years. Multinomial and logistic regression analyses were performed to assess the association of social support using Oslo Social Support Scale-3 with frailty transition and incidence, respectively. Gender differences were explored using stratified analyses.

Results: At baseline, frailty prevalence in the study population [mean (SD) age 84.3 (5.6) years; 55.8% women] reached 33.1% with 47.0, 29.4 and 23.6% of the participants reporting moderate, strong and poor social support, respectively. Over the follow-up period, social support was not significantly associated with the frailty transition categories in the adjusted model. Conversely, the adjusted logistic regression analysis showed that participants with poor social support had twice the odds of becoming frail compared to those with strong social support (OR 2.07; 95% CI 1.08–3.95). Gender-stratified analyses showed comparable estimates to the main analysis but were statistically non-significant.

Discussion: Our study results underpin the role of social factors in frailty incidence and highlight social support as a potential target for frailty-preventing interventions in older adults. Therefore, it is important to adopt a biopsychosocial model rather than a purely biomedical model to understand and holistically improve the health of community-dwelling older adults.
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1 Introduction

Due to aging populations, frailty has become a considerable public health challenge (1). Frailty is characterized by loss of biological reserves and resistance to stressors resulting from cumulative declines across multiple physiologic systems with subsequent vulnerability to a range of adverse outcomes such as falls, disability, delirium, depression, hospitalization and premature mortality (2–5) with increased healthcare costs (6). It is commonly assessed using frailty phenotype by Fried whose prevalence in older adults aged 75 years and above reaches 18–46% (4). According to the frailty phenotype, individuals could be robust, prefrail or frail depending on the number of frailty criteria they fulfill (2). Frailty is commonly preceded by prefrailty, a prodromal phase that represents potentially reversible mild depletion of physiological reserves (7, 8). Prefrailty is more prevalent than frailty with prefrail individuals having a higher risk of transitioning to frailty than robust individuals (2, 9, 10). Frailty is a dynamic condition that could remain stable, worsen or even improve over time (11). This highlights the merit of exploring modifiable factors associated with its progression and their underlying mechanisms to develop interventions aiming to prevent frailty worsening or incidence (1).

Fostering healthy aging in community-dwelling older adults entails prevention of frailty through the preservation and enhancement of the individuals’ intrinsic physical and mental capacities as well as their interaction with their environments (12). Hence, the perspective on potential risk factors for frailty has developed into a comprehensive approach that includes socio-demographic factors as well as several biopsychosocial factors (13, 14). However, despite the increased adoption of a patient-centered approach to health management, research addressing social vulnerability and frailty in old age is still lacking (15). A pivotal determinant of the external environment and a universally acknowledged social determinant of health is social support (14, 16). It is defined as the perception and actuality that a person is cared for by others and is an esteemed and valued part of a social network (17). Social support prevents functional loss and impacts the physical and mental health of older adults through allowing them to cope with daily stressors, hence promoting their subjective well-being and healthy aging (18).

Social support is understood as part of social isolation which is also an emerging public health challenge since socially-isolated older adults are at an increased risk of several physical and psychological conditions (19, 20). A recent scoping review has shown that there is an association between social isolation and frailty in community-dwelling older adults (19); while another systematic review found inconclusive results (21). However, most studies adopted a cross-sectional design or did not provide information about the validity and reliability of utilized social support scales (19). Longitudinally, there is limited evidence on the association of social isolation and loneliness with frailty progression in older adults, thus warranting further research (19, 22). Moreover, in light of the culturally dependent perception of social support, it is important to highlight that studies conducted on this topic in European populations are limited in quantity, especially studies assessing social support using previously validated instruments (23). It is also debatable whether perceived social support differs between genders (24). Previous research addressing gender differences with regard to the association between social support and frailty reported mixed results (25, 26).

Given the significance of social support especially for community-dwelling older adults, the current analysis aims to investigate its contribution to frailty progression (transition and incidence) in this group; (1) the first research question addresses frailty transition in older adults – i.e., whether they improve, remain stable, worsen in frailty status or die – over the observation period, hypothesizing that the frailty status of those with poor social support at study baseline is more likely to worsen and less likely to improve over the observation period in comparison to others with strong or moderate social support; (2) the second research question addresses frailty incidence in non-frail older adults over the observation period, hypothesizing that those with poor social support at baseline are more likely to become frail over the follow-up period in comparison to others with strong or moderate social support.

Addressing these research questions aims to establish whether social support could be a viable target for interventions aiming to improve frailty status in frail older adults or prevent its incidence in those who are non-frail.



2 Methods


2.1 Study population

The current analysis utilized data from the Berlin Initiative Study (BIS). The BIS is a population-based cohort study of 2,069 community-dwelling older adults initially aiming to assess the incidence and progression of chronic kidney disease (CKD) in older adults over time with the goal of improving medical care provision for them with special focus on kidney health. Data collection commenced in 2009 and extended over 10 years by way of five biennial study visits (27). To be included in the study, participants had to be at least 70 years old and a member of the statutory health insurance fund “AOK Nordost – Die Gesundheitskasse” (AOK). To assess CKD incidence and progression in older adults, individuals requiring nursing care or any kind of kidney replacement therapy such as dialysis as well as those who underwent kidney transplantation were not included in the BIS. All participants provided informed consent and the study was approved by the Charité – Universitätsmedizin Berlin ethics committee (EA2/009/08).

Frailty assessment was included in the study procedures of the third (between 2016 and 2017; hereinafter referred to as frailty baseline visit) and the fourth (between 2018 and 2019; hereinafter referred to as frailty follow-up visit) BIS follow-up visits. Hence, the current analysis included data from only those two study visits. Of the 1,166 individuals who participated at the frailty baseline visit, 1,059 participants with a valid assessment of their frailty status as well as their perceived social support at baseline were included (Figure 1).

[image: Figure 1]

FIGURE 1
 Overview of the Berlin Initiative Study (BIS) population. The flow chart shows the selection process and participants included in each of the research questions.




2.2 Exposure: social support

Social support was measured using the Oslo Social Support Scale (OSSS-3) (24). This measure captures three aspects of perceived social support; (i) the number of people one can depend on during personal problems with the following response options (none, 1–2, 3–5, and 5+); (ii) how much interest and concern the others show in one’s life with the following response options (none, little, uncertain, some, and a lot); and (iii) how easy it is to get practical help from neighbors when needed with the following response options (very difficult, difficult, possible, easy, and very easy). Scores of the individual questions are summed to create the total score ranging from 3 to 14 with higher scores indicating stronger social support. Based on the total score, social support is categorized into strong (12–14 points), moderate (8–11 points), and poor (3–7 points). The validity of OSSS-3 has been established with a Cronbach’s alpha value of 0.64 which is acceptable in light of the instrument’s brevity (24).



2.3 Outcome: frailty

Frailty was assessed using the modified Fried criteria (28); exhaustion, shrinking, and weakness which were adapted from Fried without modifications, slowness (requiring 15 s or more to complete the Timed Up and Go test), and finally, low physical activity (taking up physical activity exceeding 30 min less than once weekly). Participants were considered frail when they met at least three of the aforementioned criteria; prefrail when they met one or two criteria; and robust when they met none of the aforementioned criteria.

To address the first research question, five frailty transition categories were created. Participants were assigned to (1) the stable non-frail category when they were robust or prefrail and remained in the same category during both study visits; (2) the stable frail category when they were frail during both study visits; (3) the improvement category when they were frail at the frailty baseline visit and became either robust or prefrail at the frailty follow-up visit or prefrail at the frailty baseline visit and became robust at the frailty follow-up visit; (4) the worsening category when they were robust at the frailty baseline visit and became prefrail or frail at the frailty follow-up visit or prefrail at the frailty baseline visit and became frail during the frailty follow-up visit; and finally; and (5) the death category when they died before the frailty follow-up visit (28, 29).

Whereas for the second research question on frailty incidence, only non-frail participants (robust or prefrail) at frailty baseline were included. Incident frailty was operationalized as a dichotomous variable where participants who became frail during the observation period were categorized as incident frail and those who were robust or prefrail at the frailty follow-up visit remained in the non-frail category as done in previous studies (30–32).



2.4 Covariable assessment

Using a standardized computer-based questionnaire, primary data were collected on demographics, lifestyle variables, and comorbidities complemented by anthropometric and geriatric assessments. Moreover, primary data were augmented by individual level AOK claims data in which comorbidities were coded according to the 10th Revision of the International Classification of Diseases, German Modification (ICD-10) allowing the corroboration of self-reported data.

The following covariables were derived from the BIS data at the frailty baseline visit: age, gender, partner status as a dichotomous variable, self-rated health (SRH) as a three-category variable (good, moderate, and poor), general and vocational education as a three-category variable (low, intermediate, and high) according to the Comparative Analysis of Social Mobility in Industrial Nations (CASMIN) scale (33), body mass index (BMI) as a three-category variable (≤22, 22–≤30, and >30 kg/m2) as recommended by the Global Leadership Initiative on Malnutrition (34), and polypharmacy as a dichotomous variable which is defined as the regular intake of five or more prescription medications. Furthermore, multimorbidity was assessed using the Charlson Comorbidity Index (CCI) (35) based on the information derived from the AOK claims data.



2.5 Statistical analyses

Baseline characteristics of the study population stratified by social support categories were reported as absolute and relative frequencies for categorical variables, whereas for continuous variables, means and standard deviations (SD) or medians and interquartile ranges (IQR) were reported according to variable distribution.

To address the first research question, participants who were lost to follow-up before the frailty follow-up visit, did not have a valid frailty assessment at the frailty follow-up visit, or those with missing data regarding one or more covariables were further excluded from the initial study population resulting in the inclusion of 907 participants (Figure 1). Multinomial regression analysis was then conducted to assess the association between social support and frailty transition categories with the stable non-frail category as reference, and to estimate crude and adjusted relative risk ratios (RRR) and their corresponding 95% confidence intervals (95% CI). As for the second research question addressing frailty incidence in only non-frail participants, the previous exclusion criteria were applied followed by the further exclusion of participants who were already frail at the frailty baseline visit as well as those who died before the frailty follow-up visit yielding an analysis sample of 588 participants (Figure 1). Logistic regression analysis was conducted to assess the association between social support and incident frailty.

To address the potentially introduced selection bias through exclusion, the baseline characteristics of included and excluded participants were compared for each of the research questions separately. Both analyses were adjusted for the following knowledge-based set of covariates determined using a directed acyclic graph (36); age, gender, partner status, SRH, BMI, CASMIN, polypharmacy, and CCI. Possible gender differences were addressed through exploratory stratified analyses.

All analyses were conducted using R (Version 4.3.1; R Foundation for Statistical Computing, Vienna, Austria). Results were reported according to the Reporting of Observational Studies in Epidemiology (STROBE) statement (Supplementary A).




3 Results


3.1 Baseline characteristics of the study population

Table 1 shows the baseline characteristics of the study participants. The sample mean age (SD) was 84.3 (5.6) years and 55.8% were women. At baseline, most study participants reported moderate social support (47.0%), whereas participants with strong and poor social support comprised 29.4 and 23.6% of the study population, respectively. Some baseline variables showed a gradient across social support categories. With regard to gender, the proportion of women increased with decreasing social support ranging from 52.7 to 61.6%. Similarly, participants with poor social support had less often a partner compared to those reporting strong social support (39.6 vs. 57.6%). The proportion of participants reporting poor SRH increased with decreasing social support ranging from 11.6 to 21.2%, whereas the proportion of those reporting good SRH ranged from 53.1 to 39.2% with decreasing social support. Participants with weaker social support had also worse medical status indicators. Those with poor social support more often had five or more comorbidities (66.8%) and polypharmacy (53.2%) compared to their counterparts with strong social support (57.2 and 40.2%, respectively). At baseline, 33.1% of the total study population were frail. Frailty prevalence increased with age (Supplementary Table S1) and was also higher in participants with poor social support than in those with strong social support (38.0 vs. 26.4%).



TABLE 1 Baseline characteristics of the study population stratified by social support categories.
[image: Table1]



3.2 Social support and frailty transition

Over a median follow-up period of 2.1 (IQR 2.0–2.3) years, the majority of study participants remained stable in frailty status across all three categories of social support (Table 2 and Figure 2). However, the proportion of participants in the stable frailty transition categories was highest among those with strong social support and lowest among those with poor social support (73.1 vs. 64.6% respectively) (Table 2). Frailty status improved more often in the moderate social support category (9.1%) than in the strong and poor social support categories (4.9 and 6.8% respectively). The proportions of participants whose frailty status worsened and those who died were highest in the poor social support category (14.1 and 14.5% respectively).



TABLE 2 Multivariable multinomial regression model showing the association between social support and frailty transition categories in the total population.
[image: Table2]
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FIGURE 2
 Sankey diagram showing the frailty transition categories over the observation period stratified by social support categories at baseline. (A) Frailty transitions in participants with strong social support. (B) Frailty transitions in participants with moderate social support. (C) Frailty transitions in participants with poor social support. The color coding refers to the frailty transition categories; orange corresponds to the stable non-frail category, yellow corresponds to the worsening category, blue corresponds to the improvement category, purple corresponds to the stable frail category, red corresponds to the death category, and finally, green corresponds to the lost to follow-up group.


Loss to follow up of participants over the observation period was very similar across the exposure categories ranging from 8 to 10% (Figure 2).

With regard to the first research question, multinomial regression showed that participants in the poor social support category had comparably elevated risks of being in the stable frail (adjusted RRR 1.24; 95% CI 0.66–2.35) and death (adjusted RRR 1.28; 95% CI 0.67–2.45) categories. Conversely, they had lower risks of being in the improvement category (adjusted RRR 0.76; 95% CI 0.42–1.37). A comparison of baseline characteristics between the included participants and the total study population was not significant. Moreover, the distribution of the exposure between included and excluded participants was very similar (Supplementary Table S2).



3.3 Social support and incident frailty

As for the second research question, participants at frailty baseline were restricted to those who were non-frail (709 participants). After 2.1 years, 101 (14.3%) participants became frail and 36 (5.1%) died.

The baseline characteristics across inclusion status were very similar (Supplementary Table S3). Despite the excluded participants being older with a higher frequency of multimorbidity, their distribution across social support categories was similar. Of the included non-frail participants with poor social support at baseline (N = 131), 31 (23.7%) became frail (Table 3), whereas 42 (15.6%) and 25 (13.4%) participants became frail among participants with moderate (N = 270) and strong (N = 187) social support at baseline, respectively. Having poor social support was associated with twice the odds of becoming frail (adjusted OR 2.07; 95% CI 1.08–3.95), while moderate social support was not associated with a significant increase in the odds of becoming frail (adjusted OR 1.16; 95% CI 0.66–2.06) over the observation period.



TABLE 3 Multivariable logistic regression model showing the association between social support and incident frailty in the total population.
[image: Table3]



3.4 Gender differences

Gender-stratified analyses for both research questions showed comparable effect estimates to those of the respective total population; however, the corresponding CIs became much wider rendering them statistically non-significant (Supplementary Tables S4–S7). Nevertheless, the results of gender-stratified analyses should be interpreted with caution due to the relatively low number of events.




4 Discussion

In this study of social support and frailty in older adults, most study participants reported having moderate social support (47.0%), followed by strong social support (29.4%), and finally, poor social support (23.6%). The frailty prevalence in our study reached 33.1% at baseline. Over the observation period, frailty transitions did not differ significantly across social support categories. Conversely, non-frail participants with poor social support had twice the odds of becoming frail over the observation period in comparison to their counterparts with strong social support. These results did not differ significantly between genders.

The frequency distribution of social support in our study population was comparable to that of the general German population using the same validated instrument (strong 29.4 vs. 30.3%, moderate 47.0 vs. 45.3%, poor 23.6 vs. 24.2%) with a comparable mean (SD) OSSS-3 score for individuals aged 75 years and above [10.1 (2.2) vs. 9.8 (2.4)] (24).

Regarding frailty, its prevalence depends on the age of the population and the assessment tool used (4). Our prevalence was similar to that previously reported in a German sample with comparable mean age (37). The age-specific frailty prevalence in our study of 25% among individuals aged 80–84 years was also comparable to that of the same age group in Australia, Finland and China (38–40).

Frailty transition rates vary depending on study observation periods (22). A study conducted in China reported comparable transition rates to our study (improvement 16.6 vs. 15.3%, worsening 19.1 vs. 19.3%, stable 54.6 vs. 53.3%, and death 9.7 vs. 12.1%) over the same observation period of 2 years (41). When assessing the association between social support and frailty transition, our results show modest and non-significant effect estimates. Results from other studies conducted in the European context were mixed. Social isolation was not found to be associated with frailty transition over 6 years in an English study with a mean population age of 69.3 years (25). Conversely, it was found to be significantly associated with frailty trajectories in the same cohort over a 14-year period (42). It was also found to be associated with frailty worsening but not improvement in a European multinational cohort with a mean age of 70.5 years over a 2-year observation period (43). Studies conducted in Asian countries also reported mixed results showing no association between social factors and frailty transition trajectories (44) or an association between social activity and frailty improvement (45).

The varying results could be attributable to the use of different instruments to measure frailty (46) and its different operationalisations, the variation of constructs underlying social support in different studies, and subsequently, the use of various – sometimes non-validated – instruments for its measurement (19). Further influencing factors could be the difference in observation periods (22, 47), sample mean ages, and finally, the potential confounders adjusted for as comorbidities – which were reported to be associated with social support in older adults (48) – were not adjusted for in some studies (16, 42).

On the other hand, incident frailty was found to be significantly associated with poor social support in our study. These results are in agreement with those reported in an English study as well as by studies conducted in Singapore and Japan (16, 26, 42). This consistently significant association between social support and frailty incidence across contexts despite the previous considerations points to its robustness and relevance.

Frailty is a multifactorial condition with closely interlinked physiological and psychosocial components through which social support is believed to exert its impact and these pathways sometimes reciprocally influence social support as well (49, 50).

Physiologically, social support is assumed to prevent frailty worsening through reduction of disease burden (50). More specifically, a stress buffering effect of stronger social support was described through lowered cardiovascular reactivity (51). The resultant lower resting blood pressure subsequently hampers the decline of kidney function associated with frailty incidence and worsening in old age (29, 52). Moreover, frailty incidence is thought to be facilitated by chronic inflammation mediated by inflammatory cytokines whose levels were found to be lower in individuals with stronger social support (29, 53). The role played by these pathophysiological processes in developing frailty could partly explain the lack of association between social support and frailty transition in our study after adjusting for comorbidities. On the other hand, social support could impact frailty through a psychological and behavioral pathway as it could promote healthy behavior and better medication adherence (50). The negative impact of this pathway is possibly mediated by depression which was described as psychosocial frailty (49). Depression was found to coexist with and to aggravate physical frailty as well as to predict its incidence in individuals with cerebrovascular disease commonly found in older adults (49, 54, 55). Furthermore, depression was associated with a higher risk of fatigue and sarcopenia leading to less engagement in physical activity (56).

Social support and the level of social participation may be negatively affected in frail older adults due to multimorbidity and depression which highlights that the link between social support and frailty through the aforementioned pathways is not unidirectional, but exists more so in a feedback loop (50, 57).

The concept of social support and how it contributes to buffering the damaging effects of stress varies widely depending on one’s cultural background (23, 58). Hence, cross-cultural comparisons should be done with caution as generalizability of results is limited. This underscores the need to consider the evidence generated within culturally-comparable contexts and assessed using culturally-specific social support instruments to avoid construct bias (59). This is especially relevant with respect to gender differences in the association between social support and frailty. In our analysis, the effect estimates differed slightly, albeit non-significantly between genders. Perceived social support is believed to vary between individuals due to their biological sex-dependent socialization which is continuously changing to varying degrees in different cultures (24, 60). However, such variation could be mediated by other factors such as educational level or partner status (61, 62), which could partly explain the lack of gender differences in our results when these factors are adjusted for. This warrants adopting an intersectional approach regarding gender and culture and a nuanced depiction of gender differences in other social dimensions such as social ties and participation.

This study has several strengths. Social support was assessed using an instrument that was validated in the German population (24), and measured self-reported perceived social support which is sensitive to how far individuals are able to cope with stresses (63). This study adopted a longitudinal design clearly outlining the temporal relationship between social support and frailty. We operationalized frailty transition comprehensively by including death as a transition category. Our study population is representative for its source population of the AOK Nordost insurance fund which includes the largest proportion of older adults. Finally, through the combination of primary data with complementary claims data, we were able to adjust for several relevant confounding factors. The study results should also be interpreted against the backdrop of some limitations. The limited observation period may not have been sufficient to show the impact of social support and frailty transition as physical factors such as multimorbidity may have a more salient role on frailty transition on the short-term than social support. Also, the used frailty instrument considered only frailty phenotype – reflecting only physical frailty – and not varying severities of frailty, hence other dimensions of frailty as well as transition between frailty levels within frail participants could not be investigated. Further, this study could not consider the impact of other social isolation aspects such as social participation. Finally, we were not able to assess the mediating effect of depression as its assessment based solely on claims data leads to inaccurate estimates of its prevalence (64).

In conclusion, our results help identify social support as a viable target for interventions aiming to prevent frailty incidence and promote healthy aging in older adults. Strengthening social support of older individuals is advisable to promote their psychosocial well-being, foster health-promoting behavior and improve their physical condition. Empowering older adults by including them and considering their preferences is crucial when planning activities to strengthen their social support and increase participation. Furthermore, future research using validated social support instruments as well as multidimensional frailty instruments over a longer observation period is required to verify the robustness of our results.



Data availability statement

The datasets presented in this article are not readily available because the data used in this study cannot be made available in the manuscript, the Supplementary files, or in a public repository due to German data protection laws (Bundesdatenschutzgesetz). To facilitate the replication of results, the used data will be stored on a secure drive at Charité – Universitätsmedizin Berlin. Access to the raw data used in this study can only be provided to external parties under the conditions of a cooperation contract and can be accessed upon request, after written approval. Requests to access the datasets should be directed to bis@charite.de.



Ethics statement

The studies involving humans were approved by Ethics Committee of the Charité – Universitätsmedizin Berlin. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

MB: Conceptualization, Formal analysis, Methodology, Visualization, Writing – original draft, Writing – review & editing. JK: Methodology, Writing – review & editing. TB: Writing – review & editing. NE: Data curation, Writing – review & editing. ES: Data curation, Funding acquisition, Project administration, Writing – review & editing. NM: Conceptualization, Data curation, Formal analysis, Methodology, Supervision, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Kuratorium für Dialyse und Nierentransplantation (KfH) Foundation of Preventive Medicine (http://www.kfh-stiftung-praeventivmedizin.de); and the DDnÄ – Institut für Disease Management e.V. (all granted to ES).



Acknowledgments

We would like to extend our appreciation to the participants of the BIS and all collaborating study sites for providing the necessary infrastructure for the study. We also thank the AOK Nordost health insurance fund for their cooperation and support.



Conflict of interest

NE received honoraria as member of an EAB for Bayer AG, Leverkusen. ES receives honoraria from AstraZeneca and from the National Kidney Foundation.

The remaining 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.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1408641/full#supplementary-material


Abbreviations


AOK, Statutory health insurance fund AOK Nordost – Die Gesundheitskasse; BIS, Berlin Initiative Study; BMI, Body mass index; CASMIN, Comparative Analysis of Social Mobility in Industrial Nations scale; CCI, Charlson Comorbidity Index; CKD, Chronic kidney disease; ICD-10, 10th Revision of the International Statistical Classification of Diseases and Related Health Problems; IQR, Interquartile range; OR, Odds ratio; OSSS-3, Oslo Social Support Scale-3; RRR, Relative risk ratio; SD, Standard deviation; SRH, Self-rated health; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.




References

 1. Dent, E, Morley, JE, Cruz-Jentoft, AJ, Woodhouse, L, Rodriguez-Manas, L, Fried, LP , et al. Physical frailty: ICFSR international clinical practice guidelines for identification and management. J Nutr Health Aging. (2019) 23:771–87. doi: 10.1007/s12603-019-1273-z 

 2. Fried, LP, Tangen, CM, Walston, J, Newman, AB, Hirsch, C, Gottdiener, J , et al. Frailty in older adults: evidence for a phenotype. J Gerontol Ser A Biol Med Sci. (2001) 56:M146–57. doi: 10.1093/gerona/56.3.M146


 3. Rockwood, K, Song, X, MacKnight, C, Bergman, H, Hogan, DB, McDowell, I , et al. A global clinical measure of fitness and frailty in elderly people. CMAJ. (2005) 173:489–95. doi: 10.1503/cmaj.050051 

 4. O'Caoimh, R, Sezgin, D, O'Donovan, MR, Molloy, DW, Clegg, A, Rockwood, K , et al. Prevalence of frailty in 62 countries across the world: a systematic review and meta-analysis of population-level studies. Age Ageing. (2021) 50:96–104. doi: 10.1093/ageing/afaa219 

 5. Soysal, P, Veronese, N, Thompson, T, Kahl, KG, Fernandes, BS, Prina, AM , et al. Relationship between depression and frailty in older adults: a systematic review and meta-analysis. Ageing Res Rev. (2017) 36:78–87. doi: 10.1016/j.arr.2017.03.005 

 6. Kojima, G
. Increased healthcare costs associated with frailty among community-dwelling older people: a systematic review and meta-analysis. Arch Gerontol Geriatr. (2019) 84:103898. doi: 10.1016/j.archger.2019.06.003 

 7. Walters, K, Frost, R, Kharicha, K, Avgerinou, C, Gardner, B, Ricciardi, F , et al. Home-based health promotion for older people with mild frailty: the HomeHealth intervention development and feasibility RCT. Health Technol Assess. (2017) 21:1–128. doi: 10.3310/hta21730 

 8. Lang, P-O, Michel, J-P, and Zekry, D. Frailty syndrome: a transitional state in a dynamic process. Gerontology. (2009) 55:539–49. doi: 10.1159/000211949 

 9. Hajek, A, Kretzler, B, and König, H-H. Prevalence of prefrailty and frailty among older adults in Germany: a systematic review, meta-analysis and meta-regression. Front Med. (2022) 9:870714. doi: 10.3389/fmed.2022.870714


 10. Ofori-Asenso, R, Chin, KL, Mazidi, M, Zomer, E, Ilomaki, J, Zullo, AR , et al. Global incidence of frailty and prefrailty among community-dwelling older adults: a systematic review and meta-analysis. JAMA Netw Open. (2019) 2:e198398. doi: 10.1001/jamanetworkopen.2019.8398 

 11. Gill, TM, Gahbauer, EA, Allore, HG, and Han, L. Transitions between frailty states among community-living older persons. Arch Intern Med. (2006) 166:418–23. doi: 10.1001/archinte.166.4.418 

 12. Reppermund, S
. The role of frailty and functional impairment in healthy aging. Int Psychogeriatr. (2022) 34:215–7. doi: 10.1017/S1041610221002593


 13. Feng, Z, Lugtenberg, M, Franse, C, Fang, X, Hu, S, Jin, C , et al. Risk factors and protective factors associated with incident or increase of frailty among community-dwelling older adults: a systematic review of longitudinal studies. PLoS One. (2017) 12:e0178383. doi: 10.1371/journal.pone.0178383 

 14. Kelly-Irving, M, Tophoven, S, and Blane, D. Life course research: new opportunities for establishing social and biological plausibility. Int J Public Health. (2015) 60:629–30. doi: 10.1007/s00038-015-0688-5 

 15. Adja, KYC, Lenzi, J, Sezgin, D, O'Caoimh, R, Morini, M, Damiani, G , et al. The importance of taking a patient-centered, community-based approach to preventing and managing frailty: a public health perspective. Front Public Health. (2020) 8:599170. doi: 10.3389/fpubh.2020.599170 

 16. Chu, W-M, Tange, C, Nishita, Y, Tomida, M, Shimokata, H, Otsuka, R , et al. Effect of different types of social support on physical frailty development among community-dwelling older adults in Japan: evidence from a 10-year population-based cohort study. Arch Gerontol Geriatr. (2023) 108:104928. doi: 10.1016/j.archger.2023.104928 

 17. Wills, TA
. Social support and interpersonal relationships. Prosocial behavior. Review of personality and social psychology, 12. Thousand Oaks, CA, USA: Sage Publications, Inc; (1991). p. 265–89.


 18. Muramatsu, N, Yin, H, and Hedeker, D. Functional declines, social support, and mental health in the elderly: does living in a state supportive of home and community-based services make a difference? Soc Sci Med. (2010) 70:1050–8. doi: 10.1016/j.socscimed.2009.12.005 

 19. Mehrabi, F, and Béland, F. Effects of social isolation, loneliness and frailty on health outcomes and their possible mediators and moderators in community-dwelling older adults: a scoping review. Arch Gerontol Geriatr. (2020) 90:104119. doi: 10.1016/j.archger.2020.104119 

 20. Donovan, NJ, and Blazer, D. Social isolation and loneliness in older adults: review and commentary of a national academies report. Am J Geriatr Psychiatry. (2020) 28:1233–44. doi: 10.1016/j.jagp.2020.08.005 

 21. Duppen, D, Van der Elst, MCJ, Dury, S, Lambotte, D, and De Donder, L. The social environment’s relationship with frailty: evidence from existing studies. J Appl Gerontol. (2019) 38:3–26. doi: 10.1177/0733464816688310 

 22. Ho, LYW, Cheung, DSK, Kwan, RYC, Wong, ASW, and Lai, CKY. Factors associated with frailty transition at different follow-up intervals: a scoping review. Geriatr Nurs. (2021) 42:555–65. doi: 10.1016/j.gerinurse.2020.10.005 

 23. Taylor, SE, Sherman, DK, Kim, HS, Jarcho, J, Takagi, K, and Dunagan, MS. Culture and social support: who seeks it and why? J Pers Soc Psychol. (2004) 87:354–62. doi: 10.1037/0022-3514.87.3.354


 24. Kocalevent, R-D, Berg, L, Beutel, ME, Hinz, A, Zenger, M, Härter, M , et al. Social support in the general population: standardization of the Oslo social support scale (OSSS-3). BMC Psychol. (2018) 6:31. doi: 10.1186/s40359-018-0249-9 

 25. Gale, CR, Westbury, L, and Cooper, C. Social isolation and loneliness as risk factors for the progression of frailty: the English longitudinal study of ageing. Age Ageing. (2018) 47:392–7. doi: 10.1093/ageing/afx188 

 26. Ge, L, Yap, CW, and Heng, BH. Associations of social isolation, social participation, and loneliness with frailty in older adults in Singapore: a panel data analysis. BMC Geriatr. (2022) 22:26. doi: 10.1186/s12877-021-02745-2 

 27. Ebert, N, Jakob, O, Gaedeke, J, van der Giet, M, Kuhlmann, MK, Martus, P , et al. Prevalence of reduced kidney function and albuminuria in older adults: the Berlin initiative study. Nephrol Dial Transplant. (2017) 32:997–1005. doi: 10.1093/ndt/gfw079


 28. Mielke, N, Schneider, A, Huscher, D, Ebert, N, and Schaeffner, E. Gender differences in frailty transition and its prediction in community-dwelling old adults. Sci Rep. (2022) 12:7341. doi: 10.1038/s41598-022-11358-7 

 29. Mielke, N, Schneider, A, Barghouth, MH, Ebert, N, van der Giet, M, Huscher, D , et al. Association of kidney function and albuminuria with frailty worsening and death in very old adults. Age Ageing. (2023) 52:afad063. doi: 10.1093/ageing/afad063 

 30. Lv, Y, Yang, Z, Ye, L, Jiang, M, Zhou, J, Guo, Y , et al. Long-term fine particular exposure and incidence of frailty in older adults: findings from the Chinese longitudinal healthy longevity survey. Age Ageing. (2023) 52:afad009. doi: 10.1093/ageing/afad009 

 31. Rodríguez-Mañas, L, Rodríguez-Sánchez, B, Carnicero, JA, Rueda, R, García-Garcia, FJ, Pereira, SL , et al. Impact of nutritional status according to GLIM criteria on the risk of incident frailty and mortality in community-dwelling older adults. Clin Nutr. (2021) 40:1192–8. doi: 10.1016/j.clnu.2020.07.032 

 32. O’Caoimh, R, Morrison, L, Costello, M, Flannery, A, Small, C, O’Reilly, L , et al. Frailty in an adult acute hospital population: predictors, prevalence, and outcomes. Int J Environ Res Public Health. (2024) 21:273. doi: 10.3390/ijerph21030273 

 33. Brauns, H, Scherer, S, and Steinmann, S. The CASMIN educational classification in international comparative research In: JHP Hoffmeyer-Zlotnik and C Wolf, editors. Advances in cross-national comparison: a European working book for demographic and socio-economic variables. Boston, MA, USA: Springer (2003). 221–44.


 34. Cederholm, T, Jensen, GL, Correia, M, Gonzalez, MC, Fukushima, R, Higashiguchi, T , et al. GLIM criteria for the diagnosis of malnutrition – a consensus report from the global clinical nutrition community. Clin Nutr. (2019) 38:1–9. doi: 10.1016/j.clnu.2018.08.002 

 35. Charlson, ME, Pompei, P, Ales, KL, and MacKenzie, CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and validation. J Chronic Dis. (1987) 40:373–83. doi: 10.1016/0021-9681(87)90171-8 

 36. Greenland, S, Pearl, J, and Robins, JM. Causal diagrams for epidemiologic research. Epidemiology. (1999) 10:37–48. doi: 10.1097/00001648-199901000-00008


 37. Dapp, U, Minder, CE, Golgert, S, Klugmann, B, Neumann, L, and von Renteln-Kruse, W. The inter-relationship between depressed mood, functional decline and disability over a 10-year observational period within the longitudinal urban cohort ageing study (LUCAS). J Epidemiol Community Health. (2021) 75:450–7. doi: 10.1136/jech-2020-214168 

 38. Bunce, D, Batterham, PJ, and Mackinnon, AJ. Long-term associations between physical frailty and performance in specific cognitive domains. J Gerontol B Psychol Sci Soc Sci. (2019) 74:919–26. doi: 10.1093/geronb/gbx177


 39. Koponen, MP, Bell, JS, Karttunen, NM, Nykanen, IA, Desplenter, FA, and Hartikainen, SA. Analgesic use and frailty among community-dwelling older people: a population-based study. Drugs Aging. (2013) 30:129–36. doi: 10.1007/s40266-012-0046-8 

 40. Wu, C, Smit, E, Xue, QL, and Odden, MC. Prevalence and correlates of frailty among community-dwelling Chinese older adults: the China health and retirement longitudinal study. J Gerontol A Biol Sci Med Sci. (2017) 73:102–8. doi: 10.1093/gerona/glx098 

 41. Lee, JSW, Auyeung, T-W, Leung, J, Kwok, T, and Woo, J. Transitions in frailty states among community-living older adults and their associated factors. J Am Med Dir Assoc. (2014) 15:281–6. doi: 10.1016/j.jamda.2013.12.002 

 42. Davies, K, Maharani, A, Chandola, T, Todd, C, and Pendleton, N. The longitudinal relationship between loneliness, social isolation, and frailty in older adults in England: a prospective analysis. Lancet Healthy Longev. (2021) 2:e70–7. doi: 10.1016/S2666-7568(20)30038-6 

 43. Jarach, CM, Tettamanti, M, Nobili, A, and D'Avanzo, B. Social isolation and loneliness as related to progression and reversion of frailty in the survey of health aging retirement in Europe (SHARE). Age Ageing. (2021) 50:258–62. doi: 10.1093/ageing/afaa168 

 44. Jin, Y, Yu, R, Si, H, Bian, Y, Qiao, X, Ji, L , et al. Effects of social support on frailty trajectory classes among community-dwelling older adults: the mediating role of depressive symptoms and physical activity. Geriatr Nurs. (2022) 45:39–46. doi: 10.1016/j.gerinurse.2022.02.029 

 45. Takatori, K, and Matsumoto, D. Effects of social activity participation and trust in the community on the transition of frailty classification in late-stage older adults: a 4-year prospective cohort study. BMJ Open. (2023) 13:e072243. doi: 10.1136/bmjopen-2023-072243 

 46. Bessa, B, Ribeiro, O, and Coelho, T. Assessing the social dimension of frailty in old age: a systematic review. Arch Gerontol Geriatr. (2018) 78:101–13. doi: 10.1016/j.archger.2018.06.005 

 47. Kojima, G, Taniguchi, Y, Iliffe, S, Jivraj, S, and Walters, K. Transitions between frailty states among community-dwelling older people: a systematic review and meta-analysis. Ageing Res Rev. (2019) 50:81–8. doi: 10.1016/j.arr.2019.01.010 

 48. Vila, J
. Social support and longevity: meta-analysis-based evidence and psychobiological mechanisms. Front Psychol. (2021) 12:717164. doi: 10.3389/fpsyg.2021.717164 

 49. Lohman, M, Dumenci, L, and Mezuk, B. Depression and frailty in late life: evidence for a common vulnerability. J Gerontol Ser B. (2015) 71:630–40. doi: 10.1093/geronb/gbu180


 50. Uchino, BN
. Social support and health: a review of physiological processes potentially underlying links to disease outcomes. J Behav Med. (2006) 29:377–87. doi: 10.1007/s10865-006-9056-5 

 51. Teoh, AN, and Hilmert, C. Social support as a comfort or an encouragement: a systematic review on the contrasting effects of social support on cardiovascular reactivity. Br J Health Psychol. (2018) 23:1040–65. doi: 10.1111/bjhp.12337


 52. Jaques, DA, Vollenweider, P, Bochud, M, and Ponte, B. Aging and hypertension in kidney function decline: a 10 year population-based study. Front Cardiovasc Med. (2022) 9:1035313. doi: 10.3389/fcvm.2022.1035313 

 53. Uchino, BN, Trettevik, R, Kent de Grey, RG, Cronan, S, Hogan, J, and Baucom, BRW. Social support, social integration, and inflammatory cytokines: a meta-analysis. Health Psychol. (2018) 37:462–71. doi: 10.1037/hea0000594 

 54. Paulson, D, and Lichtenberg, PA. Vascular depression and frailty: a compound threat to longevity among older-old women. Aging Ment Health. (2013) 17:901–10. doi: 10.1080/13607863.2013.799115 

 55. Choi, KW, Lee, YH, Liu, Z, Fatori, D, Bauermeister, JR, Luh, RA , et al. Social support and depression during a global crisis. Nat Mental Health. (2023) 1:428–35. doi: 10.1038/s44220-023-00078-0


 56. Liu, Y, Cui, J, Cao, L, Stubbendorff, A, and Zhang, S. Association of depression with incident sarcopenia and modified effect from healthy lifestyle: the first longitudinal evidence from the CHARLS. J Affect Disord. (2024) 344:373–9. doi: 10.1016/j.jad.2023.10.012 

 57. Chong, EY, Lim, AH-S, Mah, FCY, Yeo, LHW, Ng, ST, and Yi, H. Assessing the psychosocial dimensions of frailty among older adults in Singapore: a community-based cross-sectional study. BMJ Open. (2022) 12:e047586. doi: 10.1136/bmjopen-2020-047586 

 58. Shavitt, S, Cho, YI, Johnson, TP, Jiang, D, Holbrook, A, and Stavrakantonaki, M. Culture moderates the relation between perceived stress, social support, and mental and physical health. J Cross-Cult Psychol. (2016) 47:956–80. doi: 10.1177/0022022116656132


 59. Meiring, D, Van de Vijver, F, Rothmann, S, and Barrick, M. Construct, item, and method bias of cognitive and personality tests in South Africa. SA J Ind Psychol. (2005) 31:1–8. doi: 10.4102/sajip.v31i1.182


 60. Matud, MP, García, MC, and Fortes, D. Relevance of gender and social support in self-rated health and life satisfaction in elderly Spanish people. Int J Environ Res Public Health. (2019) 16:2725. doi: 10.3390/ijerph16152725 

 61. Borgmann, L-S, Rattay, P, and Lampert, T. Soziale Unterstützung als Ressource für Gesundheit in Deutschland. Robert Koch-Institut, Epidemiologie und Gesundheitsberichterstattung, Berlin: Deutschland (2017).


 62. Gomes, CDS, Guerra, RO, Wu, YY, Barbosa, JFS, Gomez, F, Sousa, A , et al. Social and economic predictors of worse frailty status occurrence across selected countries in north and South America and Europe. Innov Aging. (2018) 2:igy037. doi: 10.1093/geroni/igy037


 63. Moak, ZB, and Agrawal, A. The association between perceived interpersonal social support and physical and mental health: results from the National Epidemiological Survey on alcohol and related conditions. J Public Health. (2010) 32:191–201. doi: 10.1093/pubmed/fdp093 

 64. Frank, J
. Comparing nationwide prevalences of hypertension and depression based on claims data and survey data: an example from Germany. Health Policy. (2016) 120:1061–9. doi: 10.1016/j.healthpol.2016.07.008



Copyright
 © 2024 Barghouth, Klein, Bothe, Ebert, Schaeffner and Mielke. 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/fpubh-12-1408641-t003.jpg
Number
of events
N (%)
Social support
Strong 187 25 (13.4%)
Moderate 270 42(15.6%)
Poor 131 31(23.7%)

Reference
119 (070~
204)
201 (112~
3.60)

Adjusted
model

OR (95%
Cl)

Reference
116 (0.6~
2.06)
207 (1.08-
3.95)

The model is adjusted for age, gender, partner status, body mass index (BMI), Comparative
Analysis of Social Mobility in Industrial Nations (CASMIN), self-rated health (SRH),

polypharmacy, Charlson Comorbidity Index (CCI)





OPS/images/fpubh-12-1408641-t001.jpg
Strong social Moderate social Poor social

Variable Category sﬁgpﬁf i;”:aogg 7\""53058
(29.4%) (47.0%) (23.6%)
Sociodemographic factors
Age
Mean 5D) 843(55) 844(55) 842(58) 843(56)
Gender
e Female 164 (52.7%) 273 (54.8%) 154(61.6%) 591 (55.8%)
High 64(20.6%) 111(22.3%) 43 (17.2%) 218 (20.6%)
CASMIN Intermediate 65 (209%) 97(19.5%) 50 (20.0%) 212(200%)
N (%) Low 181 (58.2%) 287 (57.6%) 156 (62.4%) 624 (58.9%)
Missing. 1(0.3%) 3(0.6%) 1(0.4%) 5(05%)
Partner status Partnered 179 (57.6%) 258 (51.8%) 99 (39.6%) 536 (50.6%)
N (%) Missing, 1(0.3%) 0 0 1(0.1%)
Good 165 (53.1%) 221 (44.4%) 98 (39.2%) 484 (45.7%)
Self-rated Health (SRH) | Moderate 110 (35.4%) 196 (39.4%) 99 (39.6%) 405 (38.2%)
N (%) Poor 36 (11.6%) 79 (15.9%) 53 (21.2%) 168 (15.9%)
Missing 0 2(0.4%) 0 2(02%)
Medical status,
<22 26 (8.4%) 53 (10.6%) 26 (10.4%) 105 (9.9%)
Body ’:“‘“ Index BMD 5, <30 217 (69.8%) 329.(66.1%) 166 (66.4%) 712(67.2%)
;:f;: ’ >30 66 (21.2%) 109 (21.9%) 57(22.8%) 232(21.9%)
Missing 2(0.6%) 7(1.4%) 1(0.4%) 10(0.9%)
Median (IQR) 6(4,9 7(5,9) 70,9 7(4,9)
0 7(23%) 13 (2.6%) 7(2.8%) 27 (2.5%)
Clstzon Comorbldiy 12 44.(14.1%) 64(129%) 27 (10.8%) 135 (12.7%)
Index (CCI)
NGO 34 78 (25.1%) 101(20.3%) 48(19.2%) 227 (21.4%)
>5 178 (57.2%) 311 (62.4%) 167 (66.8%) 656 (61.9%)
Missing. 4(1.3%) 9(1.8%) 1(0.4%) 14 (1.3%)
Polypharmacy Yes 125 (40.2%) 239 (48.0%) 133 (53.2%) 497 (46.9%)
N (%) Missing 1003%) 6(1.2%) 1(04%) 8(0.8%)
Robust 69 (222%) 101 (20.3%) 4417.6%) 214(20.2%)
Frailty status
N Prefrail 160 (51.4%) 224 (45.0%) 111 (44.4%) 495 (46.7%)
Frail 82 (26.4%) 173 (34.7%) 95 (38.0%) 350 (33.1%)

Percentages of the social support categories are row percentages, whereas those of the individual variables are column percentages.
CASMIN, Comparative Analysis of Social Mobility in Industrial Nations; SRH, Self-rated Health; BMI, Body Mass Index; CCI, Charlson Comorbidity Index; IQR, Interquartile Range.





OPS/images/fpubh-12-1408641-t002.jpg
Frailty transition categories

Stable non-

frail NELCRET Improvement Worsening

Number of events N (%)

Social support

Strong 268 162 (60.4%) 34 (12.7%) 13 (4.9%) 25(9.3%) 34(12.7%)
Moderate 419 228 (544%) 67 (16.0%) 38 (9.1%) 42(10.0%) 44(10.5%)
Poor 220 100 (45.5%) 42(19.1%) 15 (6:8%) 31(14.1%) 32(145%)

Crude model RRR (95% CI)

Social support
Moderate Reference 137 (0:85-2.22) 118 (0.75-1.85) 113 (0.74-173) 090 (054-150)
Poor. Reference 1.67 (0.98-2.86) 0.84 (0.48-1.48) 1.09 (0.66-1.80) 1.28(0.73-2.24)
Adjusted model RRR (95% CI)

Social support
Moderate Reference 1.06 (0.61-1.84) 111 (0.70-1.77) 1.05 (0.68-1.63) 0.82(0.46-1.46)
Poor Reference 1.24 (0.66-2.35) 0.76 (0.42-1.37) 0.98 (0.58-1.66) 1.28 (0.67-2.45)

The percentages in the descriptive part of the table are row percentages.
The model is adjusted for age, gender, partner status, body mass index (BMI), Comparative Analysis of Social Mobiliy in Industrial Nations (CASMIN), slf-rated health (SRH),
polypharmacy, Charlson Comorbidity Index (CCI).






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Social support and frailty progression in community-dwelling older adults



		1 Introduction



		2 Methods



		2.1 Study population



		2.2 Exposure: social support



		2.3 Outcome: frailty



		2.4 Covariable assessment



		2.5 Statistical analyses









		3 Results



		3.1 Baseline characteristics of the study population



		3.2 Social support and frailty transition



		3.3 Social support and incident frailty



		3.4 Gender differences









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		References



















OPS/images/fpubh-12-1408641-g001.jpg
BIS Baseline Visit

20092011
(N =2,069)

BIS 1st Follow-up Visit
2012-2013
Excluded due to:

+ Death before Frailty Baseline = 562
« Loss to follow-up before Frailty Baseline = 341

BIS 2st Follow-up Visi
20142015

BIS 3rd Follow-up Visit
(Frailty Baseline)
2016-2017
(N =1,166)

Excluded due to:

- Missing frailty assessment at Frailty
Baseline = 8 Participants

+ Missing social support assessment at

Fraity Baseline = 99 Participants

Excluded due to:
« Being frail at Frailty Baseline = 350 Participants
+ Death before the Frailty Follow-up visit = 36
Participants
Loss to follow-up before the Frailty Follow-up
visit = 67 Participants
Missing frailty assessment at Fi
10 Participants
Missing data on covariables = 18 Participants

Excluded due to:

+ Loss to follow-up before the Frailty Follow-
up visit = 107 Participants

assessment at Frailty Follow-

ipants

issing data on covariables = 30

Participants

y Follow-up =

Longitudinal ion Analysis
(N =907)






OPS/images/fpubh-12-1408641-g002.jpg
A strong Social Support
u

Frany Franyat






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Social support and frailty
progression in
community-dwelling older adults












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






