

[image: image1]
Longitudinal associations of concurrent falls and fear of falling with functional limitations differ by living alone or not












	
	TYPE Original Research
PUBLISHED 12 April 2023
DOI 10.3389/fpubh.2023.1007563






Longitudinal associations of concurrent falls and fear of falling with functional limitations differ by living alone or not

Kehan Liu1†, Wenting Peng1†, Song Ge2, Chunxiao Li1, Yu Zheng1, Xiaoting Huang1 and Minhui Liu1*


1Xiangya School of Nursing, Central South University, Changsha, China

2Department of Natural Sciences, University of Houston-Downtown, Houston, TX, United States

[image: image2]

OPEN ACCESS

EDITED BY
Marco Socci, National Institute of Science and Health for Aging (IRCCS), Italy

REVIEWED BY
Ryota Sakurai, Tokyo Metropolitan Institute of Gerontology, Japan
 Lambert Zixin Li, Stanford University, United States
 Beate Gaertner, Robert Koch Institute (RKI), Germany

*CORRESPONDENCE
 Minhui Liu, mliu62@jhu.edu; @MinhuiLiu2

†These authors have contributed equally to this work and share first authorship

SPECIALTY SECTION
 This article was submitted to Aging and Public Health, a section of the journal Frontiers in Public Health

RECEIVED 30 July 2022
 ACCEPTED 22 February 2023
 PUBLISHED 12 April 2023

CITATION
 Liu K, Peng W, Ge S, Li C, Zheng Y, Huang X and Liu M (2023) Longitudinal associations of concurrent falls and fear of falling with functional limitations differ by living alone or not. Front. Public Health 11:1007563. doi: 10.3389/fpubh.2023.1007563

COPYRIGHT
 © 2023 Liu, Peng, Ge, Li, Zheng, Huang and Liu. 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.



Background: Falls and fear of falling (FOF) are independent risk factors for functional limitations in older adults. However, the combined effect of falls and FOF on functional limitations and the moderating role of living alone or not is unclear. We aimed to examine (1) the independent and combined effect of falls and FOF on functional limitations in older adults and (2) whether living alone moderates these associations.

Methods: We used data from the National Health and Aging Trends Study (NHATS) and included 5,950 U.S. community-dwelling older adults aged 65 and older from Round 1 (Year 2011) and Round 2 (Year 2012). Falls and FOF were ascertained by asking participants whether they had any falls in the last year and whether they had worried about falling in the previous month at R1. Assessed functional limitations included any difficulties with mobility, self-care, or household activities at R2. Poisson regression models were used to examine the longitudinal associations of falls and FOF with functional limitations and the moderation effects of baseline living alone.

Results: Of the 5,950 participants, 16.3% had falls only; 14.3% had FOF only; 14.3% had both, and 55.1% had neither at baseline. In the adjusted model, those who experienced concurrent falls and FOF in R1 had a higher risk of functional limitations at R2 than those with neither (Mobility: Incidence risk ratio [IRR] = 1.34, 95% CI: 1.24–1.45; Self-care: IRR = 1.18, 95% CI: 1.11–1.26; Household: IRR = 1.20, 95% CI: 1.11–1.30). Moreover, living alone significantly moderated the longitudinal associations of concurrent falls and FOF with mobility activity limitations.

Conclusion: The findings suggest that strategies to improve falls and FOF together could potentially help prevent functional limitations. Older adults who live with others and have falls or FOF should receive interventions to promote their mobility activities.
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1. Introduction

Functional limitations are defined as reduced ability to perform basic daily activities required to live independently in a community (1). Approximately 25.7% of US adults have functional limitations (e.g., mobility, self-care), and more than half of them are 65 years and older (2). Functional limitations are associated with increased risk of stress, disability, depression, and mortality in older adults (3). In addition, the annual healthcare expenditure related to functional limitations in older adult accounts for 46.3% of the total U.S. healthcare expenditure (4). Healthcare expenditure is higher for older adults with functional limitations than those without (4, 5). Therefore, it is important to identify the modifiable risk factors for functional limitations in older adults and intervene in these risk factors.

Falls have many negative health effects, including deteriorating functional limitations in older adults (6). In the US, about 1.8 million older adults visit emergency departments for nonfatal fall injuries every year (7). Over 40% of them reported having functional limitations two months after the fall (8). Fear of falling (FOF) refers to the unhealthy avoidance of activities due to fear of falling (9). Findings of the International Mobility in Aging Study (n = 1,601) suggested that FOF is positively associated with the risk of functional limitations. Older adults with FOF excessively restricted their activities over time (10). In a cohort of 864 community-dwelling older adults in the US, our previous study findings showed that FOF independently predicted functional limitations after adjusting for falls and other covariates; and falls independently predicted functional limitations after adjusting for FOF and other covariates (11). Falls or FOF have been identified as modifiable risk factors for functional limitations (12, 13). Increasing evidence has characterized a bidirectional link between falls and FOF (14, 15). Specifically, falls in the previous year are a predictor of FOF and FOF is a predictor of subsequent falls (16). Falls and FOF often co-occur and are related, and the development of either may trigger a cascading effect that may increase risk of functional limitations (17). Considering the complicated association between falls and FOF, it is important to figure out their independent and combined effects on functional limitations to improve disability interventions for maximal impact. However, previous studies only separately investigated the influence of falls or FOF on functional limitations (8, 10, 11, 18, 19), whether falls and FOF combinedly predict functional limitations remains unclear.

Living alone in later life is often seen as an undesirable state, as most older adults who live alone are at a higher risk of falls and FOF (20–22). Studies have found that older adults who lived alone were 2–2.25 times more likely to fall and even experience multiple falls (20). A cross-sectional study of over 4,000 older adults demonstrated that those who lived alone (62.2%) had more FOF than those who did not live alone (23). Nevertheless, living alone is not an absolutely negative factor to health (24). There is evidence that people who lived alone 10 years ago were just as healthy as those who lived with others (25). Indeed, some studies showed that older adults who lived alone maintained functional independence and were less likely to experience functional limitations than those who did not live alone (26, 27). They monitored their health more diligently, were more mentally determined, and actively trained themselves to prevent functional limitations (28). Based on the above evidence, living alone might predict falls and FOF but alleviate the risk of functional limitations in older adults. To the best of our knowledge, the moderating effects of living alone in the association of falls and FOF on functional limitations have not been examined.

To address these key evidence gaps, we aimed to examine (1) whether falls and FOF in the previous year independently and combinedly predict functional limitations in the following year in older adults; and (2) whether living alone moderates the associations of falls and FOF with functional limitations. We hypothesized that falls and FOF independently and combinedly predict future functional limitations and living alone moderates these relationships.



2. Methods

The National Health and Aging Trends Study (NHATS) is an ongoing longitudinal study of Medicare beneficiaries aged 65 and older in the United States (29). The first round started in 2011 and aimed to investigate the disability trends of older adults in late life. We used the data from Round one (2011) and Round two (2012) of NHATS for this study. Of the 8,245 participants in Round one, 7,609 lived in the community and completed the sample person interview. Their response rate in Round two was 80.3% (n = 6,113). Then, 91 participants residing in nursing homes in Round two were excluded; 6,022 participants were eligible for further analysis. A total of 5,950 participants were finally included in the analysis (5,950 of 6,022; 98.8%) after excluding those with missing values on the functional limitations at follow-up (31 of 6,022; 0.5%) or independent variable (falls and FOF) and moderator (living alone) at baseline (41 of 6,022; 0.7%). Compared to those included in this analysis, the excluded participants were more likely to be older, female, and less educated (all P < 0.05). The NHATS study was approved by the Johns Hopkins University Institutional Review Board. The current study used publicly available and de-identified data and was deemed exempt by Xiangya School of Nursing Central South University.


 2.1. Measures
 
2.1.1. Dependent variable: Functional limitations

Functional limitations were assessed by limitations in three mobility activities (going outside, getting around inside, and getting out of bed), four self-care activities (eating, dressing, toileting, and bathing), and five household activities (laundering, shopping, cooking, banking, and taking medications). Each activity was assessed by asking participants whether they performed any activities with any difficulty, whether they needed help from others, and whether they used any assistance devices over the last month. For all activities except getting out of bed, toileting, and eating, participants were also asked if they did them less frequently than a year ago.

Consistent with previous studies (11, 30–32), a four-category hierarchal scale was used to define the level of each activity. The score of each activity ranged from zero to three. A score of zero represented no limitations, indicating that participants could perform the activity with no difficulty, help, assistance devices, or reduction in frequency. A score of one represented successful accommodation, indicating that participants could perform the activity less frequently or with assistance devices but with no difficulty or help. A score of two represented difficulty meaning that participants had difficulty performing the activity but did not receive assistance. A score of three represented assistance, indicating that participants performed the activity with others' help or did not perform the activity. Therefore, the mobility score (with three questions) ranged from zero to nine. The self-care score (with four questions) ranged from zero to 12. The household score (with five questions) ranged from zero to 15. A higher score indicated more functional limitations.



2.1.2. Independent variables: Falls and FOF

Falls were measured by the question-“have you fallen down over the last 12 months?” FOF was measured by the question- “did you worry about falling down in the last month?” Based on their response, the participants were classified into four categories-neither (neither falls nor FOF), falls only (had falls but not FOF), FOF only (had FOF but not falls), and both (had both falls and FOF).



2.1.3. Covariates

Demographic covariates included age (65–79 or over 80), sex (female or male), race/ethnicity (White, Black, Hispanic, or others), education (less than high school, high school, or higher than high school), and living alone (yes/no). Health-related covariates included obesity [body mass index (BMI) ≥30 kg/m2, yes or no], depressive symptoms (yes or no), anxiety (yes or no), pain (yes or no), visual impairment (yes or no), hospitalization in the last 12 months (yes or no), dementia status (yes or no), number of chronic diseases (no diseases, 1–3 diseases, or ≥4 diseases) and Short Physical Performance Battery (SPPB).

Living alone was assessed by current living arrangement. Those who were not living with spouse/partner/others were regarded as living alone. Depressive symptoms were measured by the Patient Health Questionnaire-2 (33) and a score of 3 or higher indicated depressive symptoms. Anxiety was measured by the Generalized Anxiety Disorder-2 (33) and a score of 3 or higher indicated anxiety. Pain was measured by the question, “whether you have been bothered by pain in the last month?” Visual impairment was determined by the question, “whether you were blind or unable to see well enough to recognize people across the street or read newspaper print?” Dementia status was assessed by participants' self-reported medical diagnosis of dementia or Alzheimer's disease. Number of chronic diseases was estimated from the total count of chronic diseases, including arthritis, cancer, diabetes, heart attack, heart disease, hypertension, lung disease, osteoporosis, and stroke. SPPB consisted of a balance stand test (hold side-by-side, semi-tandem, or full tandem stances for 10 seconds), a walking speed test (walk 3 m at normal speed for two trials), and a repeated chair stand test (repeat the sit-to-stand five times as fast as possible with arms folded across the chests). The score of each test ranged from 0 (worst) to 4 (best). The score of SPPB ranged from 0 to twelve, with a higher score indicating better physical performance in the lower extremities (17, 34).




2.2. Statistical analysis

Frequencies and percentages were used to describe participants' baseline demographic and health information. Chi-squared tests were used to compare the demographic and health-related differences among the four groups (neither, falls only, FOF only, and both). Three Poisson regression models were constructed to examine whether falls and FOF (independent variable) independently and combinedly predict the three outcomes (mobility, self-care, and household limitations). An interaction term between living alone and falls and FOF was then entered into the three models to test the moderating effect. Additionally, stratified analyses were performed to determine the differential magnitude of the relationships between falls and FOF on functional limitations. All models accounted for the sociodemographic factors, health-related factors and outcome of interest at baseline.

Both incidence rate ratio (IRR) and 95% confidence intervals (CI) were reported. To account for missing data, we performed multiple imputation by chained equations (35). The IRR from ten imputed data sets was combined based on Rubin's rule. In our study, all the Poisson regressions were examined using imputed data. A P < 0.05 indicated statistical significance. All analyses were conducted using STATA SE version 15.0 (College Station, TX: StataCorp LP).




3. Results


3.1. Participants' characteristics

Table 1 presented the demographic and health information of the participants. Most participants were 65–79 years old (60.7%), female (58.2%), white (69.0%), and completed higher than high school education (46.8%). Approximately 16.3% of them reported falls only; 14.3% reported FOF only; 14.3% reported both; 55.1% reported neither. Compared to neither, falls only, FOF only, and both were older, less educated, more obese, more depressed, more anxious, more likely to be female and white, and more likely to have pain, visual impairment, hospitalization, dementia, chronic diseases and lower SPPB scores (P < 0.001). In terms of living alone, compared to neither, FOF only and both were less likely to live alone (69.1% [neither], 61.7% [FOF only], and 61.5% [Both]). Falls only and neither have similar percentages of older adults not living alone (69.1% [neither] versa 69.8% [falls only]).


TABLE 1 Baseline sample characteristics by baseline falls and FOF status, n (%).
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 3.2. Falls and FOF independently and combinedly predicted functional limitations

Figure 1 depicted the longitudinal association of functional limitations with falls and FOF after adjusting baseline sociodemographic and health-related covariates and the outcomes of interest. Compared to neither, both, falls only and FOF only had increased risks of mobility activities limitations, self-care activities limitations and household activities limitations.


[image: Figure 1]
FIGURE 1
 Forest plot depicting fully adjusted Poisson regression analysis of baseline falls and FOF status on functional limitations at R2. Models adjusted for sociodemographic factors (age, sex, race/ethnicity, education) and health-related factors (obesity, depressive symptoms, anxiety symptoms, bothersome pain, visual impairment, dementia, hospitalization, number of chronic diseases, and Short Physical Performance Battery) and outcome of interest at baseline. FOF, fear of falling; IRR, incidence rate ratio; CI, confidence interval.




3.3. Living alone moderated the longitudinal associations of falls and FOF with functional limitations

Table 2 presented the results of the three adjusted Poisson regressions, which examined whether living alone moderated the longitudinal relationship between combined falls and FOF and functional limitations. Living alone moderated the longitudinal associations of falls and FOF with mobility limitations (Pinteraction < 0.01). In contrast, no moderation effect was observed in self-care and household activities limitations, indicating that living alone did not moderate the longitudinal associations of falls and FOF with self-care and household activities limitations.


TABLE 2 Fully adjusted Poisson regression examining the association of living alone and concurrent falls and FOF at baseline with functional limitations outcomes at follow-up.

[image: Table 2]

Based on the stratified analysis of living alone (Figure 2), compared to neither, falls only did not statistically significantly predict mobility (IRR = 1.12, 95% CI = 0.99–1.28, P = 0.08), self-care (IRR = 1.06, 95% CI = 0.95–1.19, P = 0.30), and household activities (IRR = 1.04, 95% CI = 0.96–1.13, P = 0.31) limitations in older adults who lived alone. However, among those who did not live alone, falls only was associated with a higher risk of functional limitations, with an IRR of 1.37 for mobility (95% CI = 1.24–1.52), 1.22 for self-care (95% CI = 1.12-1.33), and 1.16 for household (95% CI = 1.10–1.23) (all P < 0.05). Among those who lived alone or not, both and FOF only were at a higher risk of mobility, self-care and household activities limitations than neither (all P < 0.05).
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FIGURE 2
 Association of baseline falls and FOF status and follow-up functional limitations stratified by living arrangement. Models adjusted for sociodemographic factors (age, sex, race/ethnicity, education) and health-related factors (obesity, depressive symptoms, anxiety symptoms, bothersome pain, visual impairment, dementia, hospitalization, number of chronic diseases, and Short Physical Performance Battery) and outcome of interest at baseline. FOF, fear of falling; IRR, incidence rate ratio.





4. Discussion

To our knowledge, this longitudinal study is the first one to simultaneously investigate the independent and combined effect of falls and FOF on functional limitations (including mobility, self-care, and household activities limitations) as well as whether living alone moderated these effects using a nationally representative sample of community-dwelling older adults in the US. The findings suggested that falls and FOF independently and combinedly predicted functional limitations and that living alone moderated the longitudinal associations of falls and FOF with mobility activities limitations. Our findings highlighted that we should identify older adults with falls or FOF who do not live alone and develop targeted interventions to prevent functional limitations.

Our study confirmed previous findings that falls and FOF independently predicted functional limitations and further demonstrated the combined effect of the two on functional limitations. Previous studies have only investigated the independent predictive roles of falls and FOF (10, 13, 36–38) and found a strong independent association between falls and functional limitations in older adults, especially for those who experience multiple falls and fall injuries (13, 36, 38). FOF is also an important risk factor for functional limitations (37). Two longitudinal studies found that older adults with FOF had significantly reduced functions (10, 39). A long duration of FOF was associated with a higher risk of decreased activities of daily living (ADL) (10, 40). Older adults with FOF are cautious in performing activities, thereby further reducing their active time (12). Previous studies demonstrated that self-limiting behaviors led to physical deterioration and increased the risk of functional limitations (12, 41), which could explain why FOF causes functional limitations. Furthermore, with the complex causal relationship between falls and FOF (14) the focus of our study was to examine the combined effect of falls and FOF on functional limitations. Individuals who have fallen may subsequently develop FOF, which has been shown to be a direct consequence of falls. Individuals who fell might also experience previous FOF, suggesting it was a risk factor for falls (16). It is reasonable that poor fitness levels resulting from persistent FOF not only develop functional limitations but also increase the likelihood of future falls, which may reinforce the association of FOF with functional limitations. Similarly, in older adults with a history of falls, FOF also strengthened the predictive role of falls on functional limitations (14, 23). Therefore, it is not surprising that in our study, older adults with concurrent falls and FOF are at higher risks of functional limitations compared to neither.

We found that living alone moderated the association of combined effect of falls and FOF with mobility activities limitations. Among the two groups of older adults in our study (fall only and both), those who lived with others have a higher risk of mobility limitation than those who lived alone. The results of falls only showed that the risk of mobility limitations was not significant in older adults who lived alone. To date, only few studies have investigated the relationship between living alone, falls, FOF, and mobility (42, 43). In general, living alone has an impact on the frequency of falls and the occurrence of FOF in older adults (20, 44). One possible explanation is that older adults who live alone are more likely to receive less social support and thus are more likely to feel lonely and isolated, thereby increasing their risk of falls and FOF (45, 46). However, not all older adults who live alone experience loneliness or social isolation. Living alone has been demonstrated to provide some protection against functional limitations in older adults (47). A longitudinal study found that older adults living with others had more limited mobility than those who lived alone (48) because living alone to some extent forces older adults to learn to maintain a high degree of independence and self-management, a phenomenon called “biologically conditioned reflex” (49). If older adults have someone else to rely on, they may give up some opportunities of performing independent activities more easily, resulting in increased functional limitations (50). In this study, living alone reduced the risk of functional limitations in older adults with falls and FOF. Moreover, the choice to live alone could be explained by economic and cultural factors (24). Older adults with greater cultural fit and financial resources are more likely to live alone and have more independence and confidence, which may help them overcome mobility restrictions due to falls and/or FOF.

This study has important implications for research, practice, and policy on the prevention and management of functional limitations in older adults. Recognizing the combined effect of previous falls and FOF on functional limitations, clinicians should regularly examine patients with both falls and FOF on their risk of developing functional limitations. Additionally, the moderating role of living alone found in the study calls for particular attention to developing functional limitations prevention interventions for older adults with falls and FOF tailored to their living arrangement (living alone or not). This has important implications for policymakers, clinicians, and family members.

Several limitations of this study should be noted. First, the reliability and validity of measuring FOF by asking participants if they were worried about falling in the last month remain unknown. Second, measures of falls are through retrospective self-report and may suffer from recall bias and reporting errors. For older adults, the one-year fall recall window may be too long. They may only remember their injured falls. Third, the covariates we identified were limited to those collected from the NHATS database, and thus residual confounding may exist. Fourth, our study could not provide causal inference despite with longitudinal study design. However, the study has undeniable strengths. We used nationally representative longitudinal data to examine the temporal impact of falls and FOF on functional limitations. We also innovatively explored the moderating effects of living alone (yes/no) and adjusted a comprehensive list of covariates.



5. Conclusions

Our study found the independent and combined effect of falls and FOF on functional limitations and the moderating role of living alone. While making efforts to prevent falls and FOF in older adults, the government, clinicians, and caregivers should consider the social background to help older adults prevent and manage functional limitations.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by the Johns Hopkins University Institutional Review Board. The patients/participants provided their written informed consent to participate in this study.



Author contributions

KL: writing—original draft and writing—review and editing. WP: conceptualization, methodology, data analysis, and writing—original draft. SG, CL, YZ, and XH: writing—review and editing. ML: methodology and writing—review and editing. All authors contributed to the article and approved the submitted version.



Funding

The publication of this manuscript was supported by the Youth Grant from the National Natural Science Foundation of China (Grant No. 72004237) and the Youth Grant from National Natural Science Foundation of Hunan Province, China (Grant No. 2021JJ40798).



Acknowledgments

The abstract was accepted for the presentation at the Gerontological Society of America (GSA) 2022 Annual Scientific Meeting.



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.




References

 1. Ahn J, Kim BJ. The relationships between functional limitation, depression, suicidal ideation, and coping in older Korean immigrants. J Immigr Minor Healt. (2015) 176:1643–53. doi: 10.1007/s10903-015-0204-2

 2. Okoro CA, Hollis ND, Cyrus AC, Griffin-Blake S. Prevalence of disabilities and health care access by disability status and type among adults - United States, 2016. Mmwr-Morbid Mortal W. (2018) 6732:882–7. doi: 10.15585/mmwr.mm6732a3

 3. Chatterji S, Byles J, Cutler D, Seeman T, Verdes E. Health, functioning, and disability in older adults–present status and future implications. Lancet. (2015) 3859967:563–75. doi: 10.1016/S0140-6736(14)61462-8

 4. Cheng Y, Goodin AJ, Pahor M, Manini T, Brown JD. Healthcare utilization and physical functioning in older adults in the United States. J Am Geriatr Soc. (2020) 682:266–71. doi: 10.1111/jgs.16260

 5. Fried TR, Bradley EH, Williams CS, Tinetti ME. Functional disability and health care expenditures for older persons. Arch Intern Med. (2001) 16121:2602–7. doi: 10.1001/archinte.161.21.2602

 6. Kim J, Byun M, Kim M. Physical and psychological factors associated with poor self-reported health status in older adults with falls. Int J Env Res Pub He. (2020) 17:1710. doi: 10.3390/ijerph17103548

 7. Stevens JA, Mack KA, Paulozzi LJ, Ballesteros MF. Self-reported falls and fall-related injuries among persons aged ≥65 years–United States, 2006. J Safety Res. (2008) 39:345–9. doi: 10.1016/j.jsr.2008.05.002.

 8. Grisso JA, Schwarz DF, Wolfson V, Polansky M, LaPann K. The impact of falls in an inner-city elderly African-American population. J Am Geriatr Soc. (1992) 407:673–8. doi: 10.1111/j.1532-5415.1992.tb01958.x

 9. Jung D. Fear of falling in older adults: comprehensive review. Asian Nurs Res. (2008) 24:214–22. doi: 10.1016/S1976-1317(09)60003-7

 10. Auais M, French S, Alvarado B, Pirkle C, Belanger E, Guralnik J. Fear of falling predicts incidence of functional disability 2 years later: a perspective from an international cohort study. J Gerontol a-Biol. (2018) 739:1212–5. doi: 10.1093/gerona/glx237

 11. Liu M, Hou T, Li Y, Sun X, Szanton SL, Clemson L et al. Fear of falling is as important as multiple previous falls in terms of limiting daily activities: a longitudinal study. BMC Geriatr. (2021) 211:350. doi: 10.21203/rs.3.rs-104523/v1

 12. Martin FC, Hart D, Spector T, Doyle DV, Harari D. Fear of falling limiting activity in young-old women is associated with reduced functional mobility rather than psychological factors. Age Ageing. (2005) 343:281–7. doi: 10.1093/ageing/afi074

 13. Ek S, Rizzuto D, Xu W, Calderon-Larranaga A, Welmer AK. Predictors for functional decline after an injurious fall: a population-based cohort study. Aging Clin Exp Res. (2021) 338:2183–90. doi: 10.1007/s40520-020-01747-1

 14. Boyd R, Stevens JA. Falls and fear of falling: burden, beliefs and behaviours. Age Ageing. (2009) 384:423–8. doi: 10.1093/ageing/afp053

 15. Goh HT, Nadarajah M, Hamzah NB, Varadan P, Tan MP. Falls and fear of falling after stroke: a case-control study. PMR. (2016) 812:1173–80. doi: 10.1016/j.pmrj.2016.05.012

 16. Lavedan A, Viladrosa M, Jurschik P, Botigue T, Nuin C, Masot O, et al. Fear of falling in community-dwelling older adults: a cause of falls, a consequence, or both? PLoS ONE. (2018) 133:e194967. doi: 10.1371/journal.pone.0197792

 17. Cisewski JA, Durbin LL, Bond EG, Qian M, Guralnik JM, Kasper J, et al. Reduced lower extremity functioning is associated with an increased rate of being a nondriver: the national health and aging trends study. Phys Therapy. (2019) 997:862–9. doi: 10.1093/ptj/pzz037

 18. Whipple MO, Hamel AV, Talley K. Fear of falling among community-dwelling older adults: a scoping review to identify effective evidence-based interventions. Geriatr Nurs. (2018) 392:170–7. doi: 10.1016/j.gerinurse.2017.08.005

 19. Ge L, Su TT, An Y, Mejia ST. The effectiveness of exergames on fear of falling in community-dwelling older adults: a systematic review. Aging Ment Health. (2021) 26:1–12.

 20. Elliott S, Painter J, Hudson S. Living alone and fall risk factors in community-dwelling middle age and older adults. J Commun Health. (2009) 344:301–10. doi: 10.1007/s10900-009-9152-x

 21. Das GD, Kelekar U, Rice D. Associations between living alone, depression, and falls among community-dwelling older adults in the us. Prev Med Rep. (2020) 20:101273. doi: 10.1016/j.pmedr.2020.101273

 22. Alcolea-Ruiz N, Alcolea-Ruiz S, Esteban-Paredes F, Beamud-Lagos M, Villar-Espejo MT, Perez-Rivas FJ. Prevalence of fear of falling and related factors in community-dwelling older people. Aten Prim. (2021) 532:101962. doi: 10.1016/j.aprim.2020.11.003

 23. Zijlstra GA, van Haastregt JC, van Eijk JT, van Rossum E, Stalenhoef PA, Kempen GI. Prevalence and correlates of fear of falling, and associated avoidance of activity in the general population of community-living older people. Age Ageing. (2007) 363:304–9. doi: 10.1093/ageing/afm021

 24. Kharicha K, Iliffe S, Harari D, Swift C, Gillmann G, Stuck AE. Health risk appraisal in older people 1: are older people living alone an “at-risk” group? Brit J Gen Pract. (2007) 57537:271–6.

 25. Iliffe S, Tai SS, Haines A, Gallivan S, Goldenberg E, Booroff A et al. are elderly people living alone an at risk group? BMJ-Brit Med J. (1992) 3056860:1001–4. doi: 10.1136/bmj.305.6860.1001

 26. Michael YL, Berkman LF, Colditz GA, Kawachi I. Living arrangements, social integration, and change in functional health status. Am J Epidemiol. (2001) 1532:123–31. doi: 10.1093/aje/153.2.123

 27. van den Brink CL, Tijhuis M, van den Bos GA, Giampaoli S, Kivinen P, Nissinen A et al. Effect of widowhood on disability onset in elderly men from three european countries. J Am Geriatr Soc. (2004) 523:353–8. doi: 10.1111/j.1532-5415.2004.52105.x

 28. Sarwari AR, Fredman L, Langenberg P, Magaziner J. Prospective study on the relation between living arrangement and change in functional health status of elderly women. Am J Epidemiol. (1998) 1474:370–8. doi: 10.1093/oxfordjournals.aje.a009459

 29. Freedman VA, Kasper JD. Cohort profile: the national health and aging trends study (Nhats). Int J Epidemiol. (2019) 484:1044–5. doi: 10.1093/ije/dyz109

 30. Gill TM, Williams CS. Development and validation of a functional outcome measure in the national health and aging trends study. J Gerontol a-Biol. (2018) 738:1111–8. doi: 10.1093/gerona/gly091

 31. Patel N, Stagg BC, Swenor BK, Zhou Y, Talwar N, Ehrlich JR. Association of co-occurring dementia and self-reported visual impairment with activity limitations in older adults. JAMA Ophthalmol. (2020) 1387:756–63. doi: 10.1001/jamaophthalmol.2020.1562

 32. Assi L, Ehrlich JR, Zhou Y, Huang A, Kasper J, Lin FR et al. Self-reported dual sensory impairment, dementia, and functional limitations in medicare beneficiaries. J Am Geriatr Soc. (2021) 6912:3557–67. doi: 10.1111/jgs.17448

 33. Lowe B, Wahl I, Rose M, Spitzer C, Glaesmer H, Wingenfeld K et al. A 4-item measure of depression and anxiety: validation and standardization of the patient health questionnaire-4 (Phq-4) in the general population. J Affect Disorders. (2010) 1221:86–95. doi: 10.1016/j.jad.2009.06.019

 34. Kerber KA, Bi R, Skolarus LE, Burke JF. Trajectories in physical performance and fall prediction in older adults: a longitudinal population-based study. J Am Geriatr Soc. (2022) 7012:3413–23. doi: 10.1111/jgs.17995

 35. Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by chained equations: what is it and how does it work? Int J Meth Psych Res. (2011) 201:40–9. doi: 10.1002/mpr.329

 36. Tinetti ME, Williams CS. The effect of falls and fall injuries on functioning in community-dwelling older persons. J Gerontol a-Biol. (1998) 532:M112–9. doi: 10.1093/gerona/53A.2.M112

 37. Delbaere K, Crombez G, Van Den Noortgate N, Willems T, Cambier D. The risk of being fearful or fearless of falls in older people: an empirical validation. Disabil Rehabil. (2006) 2812:751–6. doi: 10.1080/09638280500304794

 38. Valderrama-Hinds LM, Al SS, Chen NW, Rodriguez MA, Wong R. Falls in Mexican older adults aged 60 years and older. Aging Clin Exp Res. (2018) 3011:1345–51. doi: 10.1007/s40520-018-0950-9

 39. Choi K, Ko Y. characteristics associated with fear of falling and activity restriction in South Korean older adults. J Aging Health. (2015) 276:1066–83. doi: 10.1177/0898264315573519

 40. Litwin H, Erlich B, Dunsky A. The complex association between fear of falling and mobility limitation in relation to late-life falls: a share-based analysis. J Aging Health. (2018) 306:987–1008. doi: 10.1177/0898264317704096

 41. Scheffers-Barnhoorn MN, van Haastregt JC, Schols JM, Kempen GI, van Balen R, Visschedijk JH et al. A Multi-component cognitive behavioural intervention for the treatment of fear of falling after hip fracture (Fit-Hip): protocol of a randomised controlled trial. BMC Geriatr. (2017) 171:71. doi: 10.1186/s12877-017-0465-9

 42. Edgren J, Karinkanta S, Rantanen T, Daly R, Kujala UM, Tormakangas T et al. Counselling for physical activity, life-space mobility and falls prevention in old age (cosmos): protocol of a randomised controlled trial. BMJ Open. (2019) 99:e29682. doi: 10.1136/bmjopen-2019-029682

 43. Jaatinen R, Luukkaala T, Hongisto MT, Kujala MA, Nuotio MS. Factors associated with and 1-year outcomes of fear of falling in a geriatric post-hip fracture assessment. Aging Clin Exp Res. (2022) 349:2107–16. doi: 10.1007/s40520-022-02159-z

 44. Angeles CM, Laura AM, Consuelo CM, Manuel RR, Eva AC, Covadonga GA. The effect that the otago exercise programme had on fear of falling in community dwellers aged 65-80 and associated factors. Arch Gerontol Geriat. (2022) 99:104620. doi: 10.1016/j.archger.2022.104620

 45. Petersen N, Konig HH, Hajek A. The link between falls, social isolation and loneliness: a systematic review. Arch Gerontol Geriat. (2020) 88:104020. doi: 10.1016/j.archger.2020.104020

 46. Martinez-Arnau FM, Prieto-Contreras L, Perez-Ros P. Factors associated with fear of falling among frail older adults. Geriatr Nurs. (2021) 425:1035–41. doi: 10.1016/j.gerinurse.2021.06.007

 47. Tabue TM, Simo-Tabue N, Stoykova R, Meillon C, Cogne M, Amieva H et al. Feelings of loneliness and living alone as predictors of mortality in the elderly: the paquid study. Psychosom Med. (2016) 788:904–9. doi: 10.1097/PSY.0000000000000386

 48. Hayashi C, Tanaka H, Ogata S. Assessing timewise changes over 15 months in life-space mobility among community-dwelling elderly persons. BMC Geriatr. (2020) 201:502. doi: 10.1186/s12877-020-01882-4

 49. Schmajuk N, Larrauri J. Associative models can describe both causal learning and conditioning. Behav Process. (2008) 773:443–5. doi: 10.1016/j.beproc.2007.09.010

 50. Wang D, Zheng J, Kurosawa M, Inaba Y, Kato N. Changes in activities of daily living (ADL) among elderly Chinese by marital status, living arrangement, and availability of healthcare over a 3-year period. Environ Health Prev. (2009) 142:128–41. doi: 10.1007/s12199-008-0072-7





OPS/images/fpubh-11-1007563-t001.jpg
Overall, n

5,950 (100.0)
65-79 years 3,611 (60.7) 2,179 (66.5) 590 (60.8) 431 (50.6) 411 (48.2) <0.001
80+ years 2,339 (39.3) 1,097 (33.5) 380 (39.2) 421 (49.49) 441 (51.8)
Sex, n (%)
Female 3,461 (58.2) 1,736 (53.0) 557 (57.4) 599 (70.3) 569 (66.8) <0.001
Male 2,489 (41.8) 1,540 (47.0) 413 (42.6) 253(29.7) 283(33.2)
Race/ethnicity
‘White 4,107 (69.0) 2,203 (67.3) 708 (73.0) 594 (69.7) 602 (70.7) <0.001
Black 1,284 (21.6) 770 (23.5) 191 (19.7) 160 (18.8) 163 (19.1)
Hispanic 346 (5.8) 170 (5.2) 43 (4.4) 66 (7.6) 67 (7.9)
Other 213 (3.6) 133 (4.1) 28(2.9) 32(3.8) 20 (2.4)
Education
Less than high school 1,538 (26.1) 790 (24.3) 256 (26.6) 224 (26.5) 268 (31.7) <0.001
High school 1,600 (27.1) 874 (26.9) 251 (26.1) 256 (30.3) 219 (25.9)
Higher than high school 2,762 (46.8) 1,583 (48.8) 456 (47.4) 364 (43.1) 359 (42.4)
Living alone
No 3,992 (67.1) 2,265 (69.1) 667 (69.8) 526 (61.7) 524 (61.5) <0.001
Yes 1,958 (32.9) 1,011 (30.9) 293 (30.2) 326 (38.3) 328(38.5)
Obesity
No (<30 kg/m?) 4,177 (72.5) 2,385 (75.0) 699 (73.9) 548 (66.4) 545 (67.3) <0.001
Yes (=30 kg/m?) 1,586 (27.5) 797 (25.0) 247 (26.1) 277 (33.6) 265 (32.7)
Depressive symptom
No 5,032 (85.2) 2,944 (90.4) 822 (85.2) 684 (80.9) 582 (69.0) <0.001
Yes 877 (14.8) 312 (9.6) 143 (14.8) 161 (19.1) 262 (31.0)
Anxiety symptom
No 5,183 (87.4) 3,046 (93.3) 868 (89.9) 684 (80.5) 585 (69.0) <0.001
Yes 745 (12.6) 218 (6.7) 98 (10.1) 166 (19.5) 263 (31.0)
Pain
No 2,734 (46.0) 1,851 (56.5) 392 (40.4) 274 (31.2) 217 (25.5) <0.001
Yes 3,214 (54.0) 1,423 (43.5) 578 (59.6) 578 (67.8) 635 (74.5)
Visual impairment
No 5,339 (90.1) 3,049 (93.4) 870 (89.9) 753 (88.6) 667 (78.9) <0.001
Yes 589 (9.9) 216 (6.6) 98 (10.1) 97 (11.4) 178 (21.1)
Hospitalization
No 4,601 (77.4) 2,694 (82.3) 715 (73.8) 651 (76.4) 541 (63.7) <0.001
Yes 1,343 (22.6) 579 (17.7) 254 (26.2) 201 (23.6) 309 (36.4)
Dementia
No 5,664 (95.2) 3,180 (97.1) 910 (94.0) 803 (94.3) 771 (90.5) <0.001
Yes 283 (4.8) 95 (2.9) 58 (6.0) 49 (5.8) 81(9.5)
Number of chronic diseases
No diseases 523 (8.8) 384 (11.7) 77 (7.9) 42 (4.9) 20 (2.4) <0.001
1-3 diseases 3,918 (65.9) 2,230 (70.8) 627 (64.6) 513 (60.2) 458 (53.8)
>4 diseases 1,509 (25.4) 572 (17.5) 266 (27.4) 297 (34.9) 374 (43.9)
SPPB Score (0-12) 6.25+3.36 7.13£3.12 6.25+£3.38 5.07 & 3.06 3.85+3.03 <0.001

FOE fear of falling; SPPB, Short Physical Performance Battery.





OPS/images/fpubh-11-1007563-t002.jpg
Mobility? Self-careP Household®

IRR (95% Cl) P-value IRR (95% P-value IRR (95% ClI) =~ P-value
Cl)

Falls and FOF

Neither 1.00 [Ref] NA 1.00 [Ref] NA 1.00 [Ref] NA

Falls only 1.38 (1.24-1.52) <0.001 121 <0.001 1.23 (1.11-1.38) <0.001
(1.11-1.32)

FOF only 1.36 (1.23-1.50) <0.001 121 <0.001 1.38 (1.23-1.54) <0.001
(1.11-1.31)

Both 1.43 (1.31-1.57) <0.001 118 <0.001 1.40 (1.26-1.56) <0.001
(1.08-1.28)
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Yes 1.10 (1.00-1.22) 0.056 1.01 0.898 1.10 (0.98-1.23) 0.102
(0.93-1.09)

Falls and FOF x Living alone

Neither x Living alone 1.00 [Ref] NA 100 [Ref] NA 1.00 [Ref] NA

Falls only x Living alone 082 (0.70-0.96) 0.013 089 0092 0.92 (0.78-1.09) 0.346
(0.77-1.02)

FOF only x Living alone 096 (0.82-1.11) 0.199 0.96 0561 0.94 (0.81-1.10) 0443
(0.84-1.10)

Both x Living alone 0.84 (0.73-0.96) 0.010 101 0843 0.92 (0.79-1.06) 0242
(0.90-1.14)
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symptoms, anxiety symptoms, bothersome pain, visual impairment, dementia, hospitalization, number of chronic diseases, and Short Physical Performance Battery) and mobility activity
limitation level at baseline. *Adjusted for sociodemographic factors, health-related factors, and self-care activity limitation level at baseline. *Adjusted for sociodemographic factors,
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