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Importance: Few studies have addressed the combined effects of health-promoting and self-care behaviors among older adults. Thus, new research is needed to assess the potential for behavior change to prolong independence in later life.
Objectives: To determine the relationships between self-care behaviors and risks of mobility and activities of daily living (ADLs) over time.
Design: Longitudinal data was used from the National Health and Aging Trends Study (NHATS) cohort. Eight baseline self-care behaviors were summarized using latent class analysis. Separately, longitudinal latent classes of mobility and ADLs were created.
Setting: Annual in-person interviews conducted for a nationally representative sample.
Participants: The baseline study sample included 7,609 Medicare beneficiaries aged ≥65 from NHATS who were living in community or residential care settings, with a 71% response rate. The average age was 75, with 57% female, 81% white and 78% high school graduates or higher. Approximately, 80% (n = 6,064) completed 5 years of follow-up.
Exposures: Favorable vs. unfavorable self-care latent classes measured at baseline.
Main outcomes and Measures: Associations were measured between baseline classes and longitudinal classes of mobility and ADLs difficulty. Among decedents, 5-year associations were measured between baseline classes and years of overall, healthy, able, and healthy/able life.
Results: Two habitual baseline self-care behavioral patterns (46% favorable; 54% unfavorable) and three trajectories of change in mobility and ADLs disability (maintaining independence; shifting to accommodation/difficulty; shifting to assistance) emerged over time. Participants with a favorable baseline pattern had 92% (0.90–0.94) reduced risk in shifting to assistance class and 70% (0.64–0.76) reduced risk for shifting to accommodation/difficulty class for mobility disability. Participants with a favorable baseline pattern had 86% (0.83–0.89) reduced risk in shifting to assistance class and 24% (0.11–0.36) reduced risk in shifting to accommodation/difficulty class for ADLs disability. Those with an unfavorable pattern had 2.54 times greater risk of mortality by the end of the 5-year follow-up compared to those with a favorable pattern.
Conclusion: Self-care behaviors in older age represent a habitual pattern. A favorable self-care behavioral pattern decreased the risk of moving towards a more disabled profile and added years of life. Interventions should encourage self-care behaviors constituting a favorable pattern.
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HIGHLIGHTS
Question
What are the self-care behaviors associated with independence in older age?
Findings
Analyses of the National Health and Aging Trends cohort (2011–2016) demonstrated that for mobility and activities of daily living disability outcomes respectively, older adults with a favorable self-care behavioral pattern had a 92 and 87% reduced risk in shifting to the assistance class, along with a 71 and 27% reduced risk in shifting to the accommodation/difficulty class compared to those with an unfavorable self-care pattern.
Meaning
Comprehensive interventions must focus on shifting an unfavorable self-care pattern to a favorable self-care pattern among older adults.
INTRODUCTION
Healthy aging has been defined as “the process of developing and maintaining functional ability that enables well-being in older age.” (Michel and Sadana, 2017) Self-care encompasses behaviors that individuals may engage in to improve their health, well-being, and functioning as they become older (Levin and Idler, 1983) Examples of self-care may include healthy eating, sleep, financial fitness, healthy relationships, medication management, exercise, community engagement and falls prevention (Aging Mastery Program, 2020) Given that self-care practices are modifiable, individuals can maximize their health benefits. Existing studies support the proposition that even the oldest members of society can make important gains in health by initiating self-care physical activity programs (Fiatarone et al., 1994) Sleep problems affect activities of daily living and functional impairment as well as cognitive and mental health not to mention chronic disease (Vanderlinden et al., 2020) Self-care behaviors may address the improvement of cognitive function among older adults but this paper will focus on the physical functioning.
To gauge the impact of these health gains achieved through self-care, researchers have examined the influence of lifestyle factors on the compression or expansion of the disabled period late in life. Years of able life were used to define a period during which individuals experienced no difficulties with activities of daily living (ADLs) (Jacob et al., 2016) In addition to evaluating years of able life, mortality rates may also serve as a metric to ascertain health benefits of self-care. Previous research suggests that declines in mortality are greatest among those maintaining physical activity, and even low-intensity programs can contribute to longevity (Xue et al., 2012) Nevertheless, there is much to learn about how changes across a range of healthy behaviors in older adults might prolong independence.
Using a framework for studying patterns of change in longitudinal physical activity behaviors and mortality risk in older women (Xue et al., 2012), we used the nationally representative National Health and Aging Trends Study (NHATS) to: 1) identify subpopulations among Medicare beneficiaries 65 and older with distinct baseline patterns of self-care behaviors, 2) to examine the relationship of baseline individual self-care behavior patterns on mobility and ADLs disability over time, and 3) to explore how these self-care behavioral patterns influence the years of healthy and able life. We hypothesize that healthy self-care behaviors can lower risk for functional dependence over time and that there is a differential risk decrease depending on the self-care behavior patterns. We also hypothesize that self-care behavioral patterns can compress the number of disabled years.
MATERIALS AND METHODS
Study Sample
The NHATS cohort is a nationally representative sample of Medicare beneficiaries aged 65 years and older (Kasper and Freedman, 2015) NHATS study aims include understanding trends in functioning and disability as individuals age. NHATS contains extensive information on self-care behavior, and functioning across a range of routine daily activities. Data are collected annually through in-person interviews; the first six annual rounds (2011–2016) were used for this analysis. The response rate was 71% at baseline (n = 8,245). Older adults who were living in community-dwelling or residential care settings (n = 7,609) were included in this study.
Predictor
Self-Care Behaviors
Measures of self-care behaviors include 1-low physical activity, 2-insomnia symptoms, 3-financial stability, 4-healthy relationships, 5-community engagement, 6-medication management, 7-non-physical activities, and 8-interaction with email/text and the internet. We describe each of these in detail (Table 1).
1. Low physical activity was defined using questions regarding walking for exercise and engaging in vigorous activity in the last month. Individuals were classified as doing neither, one, or both (Bandeen-Roche et al., 2015).
2. Poor sleep quality or insomnia symptoms were defined using two items (Endeshaw and Yoo, 2016): “How often does it take you more than 30 min to fall asleep at night?” and “How often do you have trouble falling back to sleep on nights after waking up from sleep?” We categorized those who endorsed any frequency of either insomnia symptom as positive and created four categories: 1-no insomnia symptoms, 2-difficulty initiating sleep only, 3-difficulty maintaining sleep only, and 4-both insomnia symptoms.
3. Financial stability was defined using several items. A score of one was assigned for: paying off credit card balances or not having cards, not receiving financial help from family, giving financial gifts/help to family, not receiving food stamps or food assistance or gas or energy assistance. A summary score was created (0–4); higher scores indicate greater economic stability (Freedman et al., 2011).
4. Healthy relationships were defined by self-report of an in-person visit with outside family or friends and whether health or functioning ever prevented visits with outside family and friends. A four-category variable was created: 0-no visit and without restriction, 1-no visit due to restriction, 2-visit despite restriction, and 3–visit and without restriction (Latham and Clarke, 2018).
5. Community engagement was defined using several items. A score of one was assigned for: attending religious services; participating in clubs, classes or other organized activities; going out for enjoyment; and doing volunteer work. A summary score was created (0–8); higher scores indicate greater engagement. Participants also self-reported whether or not health or functioning prevented community engagement.
6. Medication management was categorized in three categories: someone else manages medications, person manages own medications with difficulty, and person manages own medications without difficulty or takes no medications.
7. Self-report of an individual’s favorite activity was grouped into physical or non-physical activities based on the amount of mobility or strength required (Szanton et al., 2015). A dichotomous variable was then used for self-report of non-physical activities. For round 6, we carried forward the round five favorite activity.
8. Interaction with technology was defined by self-reporting use of e-mail/text, and use of internet. A three-level variable (doing neither, one, or both) was created (Gell et al., 2015).
TABLE 1 | Summary of baseline characteristics by self-care behavioral patternsa.
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ADL and Mobility Scale
We developed two scales in order to assess the risk for functional dependence adapted from a late-life hierarchical disability scale developed by Freedman et al. (Freedman et al., 2014; Gill and Williams, 2017) One scale assessed activities of daily living or ADLs (using the toilet, getting cleaned up, dressing, and eating) and the other measured mobility activities (getting out of bed, going outside and getting around inside). Each scale ranged from: “fully able (0: no device use, reduction in activities, difficulty, or assistance on any activity); accommodations or reductions in activities (1: device use or reductions in one or more activities but no difficulty or assistance); difficulty (2: difficulty performing activities by oneself, when using devices, if needed, but no assistance); and assistance (3: help from another person or, rarely, not doing the particular activity).” (Freedman et al., 2014; Gill and Williams, 2017).
Years of Able Life and Healthy Life
Measures of remaining lifespan and health span were created among the 1,575 study subjects who died during the 5-year follow-up by summing the number of years when a person was observed to be alive (i.e., Years of Life; YOL), healthy (i.e., Years of Healthy Life; YHL), able (i.e., Years of Able Life; YABL), and both healthy and able (i.e., Years of Healthy and Able Life: YHAL). We defined “healthy” as self-rated health of being excellent, very good, or good (as opposed to fair or poor health); we defined “Able” as self-report of neither having difficulty nor needing assistance in performing ADLs or mobility tasks; and we defined “Healthy and Able” as meeting both criteria. We used the last observation carried forward to impute intermittent missing data on self-rated health and disability status.
Covariates
Sex, age (years), race (non-Hispanic white, non-Hispanic black, Hispanic and other), and education level (eighth grade or less, 9th-12th grade without high school diploma, and high school or greater).
Statistical Analysis
All analyses were weighted for population representation using replicate weights that employ the modified balanced repeated replication method to adjust for the complex survey design of NHATS (DeMatteis et al., 2016) First, adoption of individual self-care behaviors were examined at baseline and at each follow-up visit. Subpopulations that exhibit homogeneous self-care behavioral patterns were identified using a latent class model (LCA) (Bandeen-Roche et al., 1997) The LCA was fit in two ways: 1) analysis of patterns of coexistence of the eight self-care behaviors at baseline, and 2) analysis of patterns of change in each self-care behavior over time. Using the former as an example, the LCA hypothesizes the existence of subpopulations of older adults with distinct self-care behavior patterns at baseline.
The LCA then aims to determine the number of subpopulations (“behavior patterns”) and estimates for (i) its prevalence in the overall population, and (ii) the proportions (i.e. item probabilities) who were at different levels for each behavior at baseline within each subpopulation. The number of subpopulations is based on the model goodness-of-fit statistics including Akaike information criterion (AIC), Bayesian information criterion (BIC), Lo-Mendell-Rubin adjusted likelihood ratio test, model performance stability, and the scientific plausibility and meaningfulness of the resulting behavioral patterns (Lo et al., 2001) To account for missing data, the LCA model is fit using the full information maximum likelihood estimator that is unbiased under the assumption of data missing at random (Rubin, 1976)
Upon completing the LCA, we assigned individuals to specific behavioral pattern profiles corresponding to the highest posterior probability of latent class membership. Next, we applied the LCA to study within-subject change in self-care behaviors over time by running separate LCA for each self-care behavior; similarly, we ran separate LCA for modeling changes in the level of difficulty in mobility and ADLs disability over time. We also modeled the association between baseline self-care behavioral patterns and change in mobility and ADLs disability over time using latent class regression (LCR). The LCR characterizes the impact of self-care behaviors on the trajectory of late-life disability, while accounting for within-person dependence over time in individual trajectories as well as data missing at random (Rubin, 1976) Lastly, we assessed how our baseline self-care behavioral patterns were associated with YOL, YAL and YHL, and YHAL (Fiatarone et al., 1994) To do so, we used Poisson regression for YoL, and negative binomial regression for YAL, YHL, and YHAL to account for excess zeros (i.e., those who reported poor or fair health and/or difficulty or needing assistance with ADLs or mobility tasks consistently throughout the follow-up period) and sampling weights were incorporated in the estimation of the ratio for population representation. In addition, we analyzed the association between baseline self-care behavioral patterns and all-cause mortality among all those who died. Analyses were conducted using Stata 15 (StataCorp, 2015) and Mplus 6.1.1 (Muthén and Muthén, 2010).
RESULTS
The average age of the study sample was 75, with 57% female, 81% Non-Hispanic white, and 78% high school graduates or higher. About one-third of the population was sedentary; 10% reported poor sleep quality; 13% had limited social networks, and 50% were technology-averse (Table 1).
Self-Care Behavior Patterns at Baseline and Over Time
There was little variation in self-care behaviors over time (Supplementary Table 1, 6A–F), suggesting that behavioral patterns observed at older ages may represent long-term habitual patterns. Two baseline self-care behavioral patterns emerged from the LCA, favorable and unfavorable. The two-class model was selected based on lower BICs and the significance of the Lo-Mendell-Rubin adjusted likelihood ratio test (LMR-LRT), with the number of latent classes chosen to be one class less than the number corresponding to the model with non-significant LMR-LRT (Supplementary Table 3). Compared to an unfavorable pattern at baseline, a favorable pattern had more: physical activity (54 vs. 5%), sleep quality (85 vs. 60%), financial stability (3.2 vs. 2.7), healthy relationships (96 vs. 64%), community engagement (5.2 vs. 3.1), email, text and internet use (57 vs. 9%), less medication management (0 vs. 15%), and less non-physical activities (25 vs. 48%) (Table 1). Additionally, those exhibiting a favorable pattern were likely to be younger (74 vs. 77), Non-Hispanic white (87 vs. 74%), and more educated (90 vs. 66% with high school diploma or higher).
Mobility and ADL Disability Trajectory Profile Over Time
A three-class model was chosen to represent trajectory profiles for both mobility and ADLs (Table 2; Figure 1). The classes were named: Class 1-maintaining independence over time, Class 2-shifting to accommodation or difficulty, and Class 3-shifting to assistance. Older age, lower education, and non-white race were also associated with greater risk of developing difficulty and dependency in mobility and self-care tasks (Table 2).
TABLE 2 | Summary of baseline characteristics by mobility and activities of daily living (ADLs) disability trajectory profile over time (Class 1: maintaining independence over time; Class 2: shifting to accommodation or difficulty; Class 3: shifting to assistance).
[image: Table 2][image: Figure 1]FIGURE 1 | Mobility and activities of daily living (ADLs) disability trajectory profiles derived from a 3-Class latent class model (class 1: maintaining independence over time; Class 2: shifting to accommodation or difficulty; Class 3: shifting to assistance).
Baseline Self-Care Behavior Patterns and Patterns of Change in Mobility and ADL Disability Over Time
There were stepwise associations between behavioral and disability outcomes with more favorable self-care behavior patterns (i.e., more physical activity, better sleep, greater community engagement) associated with greater likelihood of maintaining independence over time and decreased likelihood of becoming dependent. Participants with a favorable baseline self-care behavioral pattern had a 92% (95% CI:0.90–0.94) reduced risk in shifting to the assistance class and a 70% (95% CI:0.64–0.76) reduced risk of shifting to the accommodation/difficulty class for mobility disability than those with an unfavorable pattern (Table 3) over 5 years. Those with a favorable self-care behavioral pattern had an 86% (95% CI:0.83–0.89) reduced risk of shifting to the assistance class and a 24% (95% CI:0.11–0.36) reduced risk of shifting to the accommodation/difficulty class for ADLs disability than those with an unfavorable pattern over 5 years (Table 4).
TABLE 3 | Associations of individual self-care behavior or self-care behavior patterns at baseline and patterns of change in mobility disability over time: Results from latent class regression analysis after adjusting for age, sex, race, and education.
[image: Table 3]TABLE 4 | Associations of individual self-care behavior or self-care behavior patterns at baseline and patterns of change in activities of daily living (ADLs) disability over time: Results from latent class regression model applied to each individual self-care behavior or self-care behavior pattern after adjusting for age, sex, race, and education.
[image: Table 4]Five-Year All-Cause Mortality Risk Among all Participants
Participants with an unfavorable self-care behavioral pattern at baseline died quicker than participants with a favorable pattern (Cox regression-based test: p < 0.001) (Figure 2). After adjusting for baseline age, education, race, and sex, a favorable pattern was associated with 61% reduction in mortality risk (Hazard Ratio = 0.39, p < 0.001), compared to an unfavorable pattern.
[image: Figure 2]FIGURE 2 | Xxxx.
Years of Able and Healthy Life Among Individuals Who Died
During the 5-year follow-up period, 1,575 participants died. Decedents who exhibited a favorable baseline self-care behavioral pattern were younger (mean = 80 vs. 82 years old), female (50 vs 57%), Non-Hispanic white (87 vs. 80%), and more educated (85 vs. 66% with high school diploma or higher) (Table 5). The group who had a favorable (vs. unfavorable) baseline self-care behavioral pattern lived a median of 2.9 (vs. 2.1) YoL, 1.3 (vs. 0.5) YHL, 1.5 (vs. 0.0) YAL, and 1.0 (vs. 0.0) YHAL during the 5-year follow-up period. Among decedents, those who had a favorable (vs. unfavorable) baseline self-care behavioral pattern lived 1.23 times longer YoL (95% CI:1.14–1.32), 1.91 times longer YHL (95% CI:1.68–2.18), 2.2 times longer YAL (95% CI:1.90–2.54), and 2.87 times longer YHAL (95% CI:2.38–3.46) during the 5-year follow-up period (Table 6). Women exhibiting favorable patterns had a greater advantage than men in expecting more YoL (Mean ratio = 1.25 for women vs. 1.17 for men; p = 0.076 for interaction) and YAL (Mean ratio = 2.39 for women vs. 2.03 for men; p = 0.066 for interaction) compared to counterparts with an unfavorable pattern.
TABLE 5 | Summary of baseline characteristics by self-care behavioral patterns among those who died over the 5-year follow-up period (2011–2016)a.
[image: Table 5]TABLE 6 | Ratioa (95% confidence interval) of years of life (or healthy or able or healthy and able life) over 5-year follow-up period comparing those with favorable vs. unfavorable behavioral pattern at baseline.
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In this study, we operationalized eight self-care behaviors that older adults can engage in to decrease their risk of losing functional independence due to disability as they age. Two distinct patterns of self-care behaviors emerged which were identified as “favorable” and “unfavorable.” In this nationally representative cohort of Medicare beneficiaries, engaging in self-care behaviors, such as physical activity, financial stability, healthy relationships, community engagement, and technology use, helped distinguished a favorable pattern from an unfavorable pattern. More specifically, a favorable self-care behavioral pattern displayed less medication management by others and fewer non-physical activities. For mobility disability outcomes, a favorable self-care behavioral pattern had a substantial reduction in shifting into the assistance class and a sizeable reduction in shifting into the class of needing accommodation or having difficulty. A similar trend emerged for the ADLs disability outcomes, except for a more modest reduction in shifting into the class of needing accommodation or having difficulty. In addition to evaluating how favorable and unfavorable patterns factor into a more independent profile, we assessed how these patterns manifest in mortality among older adults. Participants with a favorable pattern at baseline had 61% reduction in mortality than those with an unfavorable pattern over 5 years. Among participants who died during the 5 years, those with a favorable pattern of self-care behaviors had 0.6 fewer disability-years compared to those with an unfavorable pattern of self-care behaviors and this trend appeared more so in women.
Our findings emphasize that a favorable self-care behavioral pattern promotes a more independent profile among older adults, in comparison to an unfavorable self-care pattern. These results complement existing literature, which specifically address how self-care behaviors are modifiable and may influence other self-care behaviors. Jacob et al. (2016) emphasized the transformational nature of self-care behaviors in adjusting disability by demonstrating that lifestyle factors could compress or expand the disabled period, thereby supporting the compression of morbidity theory (Fiatarone et al., 1994) Existing studies, notably randomized controlled trials evaluating the impact of self-care behaviors, indicated that self-care behaviors do not occur in isolation and may influence the development of other self-care behaviors. For instance, Varma et al. (2016) found that community engagement increases physical activity, which may promote healthy relationships (Carlson et al., 2015; Varma et al., 2016) Furthermore, several self-care behaviors may yield differential magnitude of effect sizes than others (Carlson et al., 2015; Varma et al., 2016) Accordingly, we chose to assess the impact of self-care behaviors, instead of physiological risk factors, in improving disability and longevity among older adults, to inform public health interventions to encourage the uptake of modifiable favorable self-care behavioral patterns.
Strengths of this study include examining the combined effects of health-promoting self-care behaviors, which to our knowledge has not been done previously, in order to evaluate their influence on prolonging independence as one ages. Furthermore, baseline self-care behaviors remained stable over time in the NHATS cohort, allowing this measurement to be a valid proxy for follow-up periods up to 5 years. This study provides evidence of the late-lifestyle, independent of other risk factors. Those with a favorable self-care pattern promotes a more independent profile compared to those with an unfavorable pattern. A favorable self-care pattern can be applied from early adulthood to avoid disability in later life as a result of accumulated unhealthy lifestyle patterns.
Limitations may include the inability to draw causal inference. The baseline behavioral patterns may have been affected by underlying health status, such as preclinical disability. Larger representation of Black and Hispanic participants will allow for future stratified models. Assessing more comprehensive combinations of self-care behavior and new controlled-effectiveness trials in assessing the validity of self-care behavioral interventions for older adults are needed. The National Council on Aging sponsors a low-cost, 10-week self-care behavioral program, known as the Aging Mastery Program® (AMP), that addresses six of the self-care behaviors that we studied, including: physical activity, sleep, medication management, healthy relationships and community engagement. A quasi-experimental study demonstrated that AMP was an effective program that improved physical activity and advanced care planning among older adults (McCallion et al., 2016) Thus, there is a significant need for further development, implementation, evaluation, and dissemination of evidence-based self-behavioral interventions to contribute to higher degrees of independence and longevity among today’s older adults.
CONCLUSION
Overall, self-care behaviors were associated with decreases in both moderate (accommodation/difficulty) and severe (assistance) disability. Second, there was a differential risk decrease depending on the self-care behavior; thus, future resources should target those with stronger effects. Third, we found that health-promoting self-care behaviors compress disability. Finally, our findings support further rigorous effectiveness trials of a comprehensive, community-based self-care behavioral program in older adults, such as the Aging Mastery Program® (AMP), that was feasible to implement and scale-up, covering a broad range of health-promoting self-care behaviors.
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 Columbia University Medical Center IRB approved this secondary analyses (IRB-AAAR5927). The patients/participants provided their written informed consent to participate in this study.
AUTHOR CONTRIBUTIONS
TM and Q-LX conceptualized the study, contributed to project administration and resources, and conducted the supervision of the study; TM and Q-LX conducted the formal analysis, the methodology, the software, the visualization, and the writing (original draft) of the study; and TM, Q-LX, and SK conducted the writing (review and editing) of the study.
FUNDING
These secondary analyses were supported by John Hancock through the Columbia Population Health Partnerships, Columbia University Mailman School of Public Health, New York, New York. The National Health and Aging Trends Study (NHATS) is sponsored by the United States Department of Health and Human Services, National Institutes of Health, National Institute on Aging (Grant Number NIA U01AG032947) through an agreement with the John Hopkins Bloomberg School of Public Health.
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.
ACKNOWLEDGMENTS
The authors would like to acknowledge Dr. Judith Kasper for her significant contribution to this work.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fragi.2021.770476/full#supplementary-material
REFERENCES
 Aging Mastery Program (2020). National Council on Aging. Available at: https://www.ncoa.org/healthy-aging/aging-mastery-program. Accessed April 4, 2020. 
 Bandeen-Roche, K., Miglioretti, D. L., Zeger, S. L., and Rathouz, P. J. (1997). Latent Variable Regression for Multiple Discrete Outcomes. J. Am. Stat. Assoc. 92 (440), 1375–1386. Dec 1. doi:10.1080/01621459.1997.10473658
 Bandeen-Roche, K., Seplaki, C. L., Huang, J., Buta, B., Kalyani, R. R., Varadhan, R., et al. (2015). Frailty in Older Adults: A Nationally Representative Profile in the United States. Gerona 70 (11), 1427–1434. Nov 1. doi:10.1093/gerona/glv133
 Carlson, M. C., Kuo, J. H., Chuang, Y. F., Varma, V. R., Harris, G., Albert, M. S., et al. (2015). Impact of the Baltimore Experience Corps Trial on Cortical and Hippocampal Volumes. Alzheimer's Demen. 11 (11), 1340–1348. Nov 1. doi:10.1016/j.jalz.2014.12.005
 DeMatteis, J., Freedman, V. A., and Kasper, J. D. (2016). National Health and Aging Trends Study Development of Round 5 Survey Weights, 18. Baltimore, MD: Johns Hopkins School of Public Health. NHATS technical paper. 
 Endeshaw, Y. W., and Yoo, W. (2016). Association between Social and Physical Activities and Insomnia Symptoms Among Community-Dwelling Older Adults. J. Aging Health 28 (6), 1073–1089. Sep. doi:10.1177/0898264315618921
 Fiatarone, M. A., O'Neill, E. F., Ryan, N. D., Clements, K. M., Solares, G. R., Nelson, M. E., et al. (1994). Exercise Training and Nutritional Supplementation for Physical Frailty in Very Elderly People. N. Engl. J. Med. 330 (25), 1769–1775. Jun 23. doi:10.1056/NEJM199406233302501
 Freedman, V. A., Kasper, J. D., Cornman, J. C., Agree, E. M., Bandeen-Roche, K., Mor, V., et al. (2011). Validation of New Measures of Disability and Functioning in the National Health and Aging Trends Study. Journals Gerontol. Ser. A: Biol. Sci. Med. Sci. 66A (9), 1013–1021. Sep 1. doi:10.1093/gerona/glr087
 Freedman, V. A., Kasper, J. D., Spillman, B. C., Agree, E. M., Mor, V., Wallace, R. B., et al. (2014). Behavioral Adaptation and Late-Life Disability: A New Spectrum for Assessing Public Health Impacts. Am. J. Public Health 104 (2), e88–e94. Feb. doi:10.2105/ajph.2013.301687
 Gell, N. M., Rosenberg, D. E., Demiris, G., LaCroix, A. Z., and Patel, K. V. (2015). Patterns of Technology Use Among Older Adults with and without Disabilities. Gerontologist 55 (3), 412–421. Jun 1. doi:10.1093/geront/gnt166
 Gill, T. M., and Williams, C. S. (2017). Evaluating Distinctions in the Assessment of Late-Life Disability. J. Gerontol. A. Biol. Sci. Med. Sci. 72 (11), 1538–1546. Oct 12. doi:10.1093/gerona/glx022
 Jacob, M. E., Yee, L. M., Diehr, P. H., Arnold, A. M., Thielke, S. M., Chaves, P. H. M., et al. (2016). Can a Healthy Lifestyle Compress the Disabled Period in Older Adults. J. Am. Geriatr. Soc. 64 (10), 1952–1961. Oct. doi:10.1111/jgs.14314
 Kasper, J. D., and Freedman, V. A. (2015). National Health and Aging Trends Study User Guide: Rounds 1, 2, 3 & 4 Final Release. Baltimore, MD: Johns Hopkins School of Public Health. 
 Latham, K., and Clarke, P. J. (2018). Neighborhood Disorder, Perceived Social Cohesion, and Social Participation Among Older Americans: Findings from the National Health & Aging Trends Study. J. Aging Health 30 (1), 3–26. Jan. doi:10.1177/0898264316665933
 Levin, L. S., and Idler, E. L. (1983). Self-care in Health. Annu. Rev. Public Health 4 (1), 181–201. May. doi:10.1146/annurev.pu.04.050183.001145
 Lo, Y., Mendell, N. R., and Rubin, D. B. (2001). Testing the Number of Components in a normal Mixture. Biometrika 88 (3), 767–778. Oct 1. doi:10.1093/biomet/88.3.767
 McCallion, P., Ferretti, L., Stiles, S., Dessem, E., and Kye, H. (2016). The Aging Mastery Program in New York: Results from a Quasi-Experimental Study. Gerontologist 56 (3), 748. Nov 1. doi:10.1093/geront/gnw162.3051
 Michel, J.-P., and Sadana, R. (2017). "Healthy Aging" Concepts and Measures. J. Am. Med. Directors Assoc. 18 (6), 460–464. Jun 1. Epub 2017 May 4. PMID: 28479271. doi:10.1016/j.jamda.2017.03.008
 Muthén, L. K., and Muthén, B. O. (2010). Mplus User's Guide. 6th edition. CA, USA: Muthen & Muthen. 
 Rubin, D. B. (1976). Inference and Missing Data. Biometrika 63 (3), 581–592. Dec 1. doi:10.1093/biomet/63.3.581
 StataCorp, L. P. (2015). College Station. TX, USA. 
 Szanton, S. L., Walker, R. K., Roberts, L., Thorpe, R. J., Wolff, J., Agree, E., et al. (2015). Older Adults' Favorite Activities Are Resoundingly Active: Findings from the NHATS Study. Geriatr. Nurs. 36 (2), 131–135. Mar 1. doi:10.1016/j.gerinurse.2014.12.008
 Vanderlinden, J., Boen, F., and van Uffelen, J. G. Z. (2020). Effects of Physical Activity Programs on Sleep Outcomes in Older Adults: a Systematic Review. Int. J. Behav. Nutr. Phys. Act 17 (1), 11. Feb 5PMID: 32024532; PMCID: PMC7003368. doi:10.1186/s12966-020-0913-3
 Varma, V. R., Tan, E. J., Gross, A. L., Harris, G., Romani, W., Fried, L. P., et al. (2016). Effect of Community Volunteering on Physical Activity. Am. J. Prev. Med. 50 (1), 106–110. Jan 1. doi:10.1016/j.amepre.2015.06.015
 Xue, Q.-L., Bandeen-Roche, K., Mielenz, T. J., Seplaki, C. L., Szanton, S. L., Thorpe, R. J., et al. (2012). Patterns of 12-Year Change in Physical Activity Levels in Community-Dwelling Older Women: Can Modest Levels of Physical Activity Help Older Women Live Longer. Am. J. Epidemiol. 176 (6), 534–543. Sep 15. doi:10.1093/aje/kws125
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.
Copyright © 2021 Mielenz, Kannoth and Xue. 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/fragi-02-770476-t003.jpg
Seif-care behaviors
or patterns

Favorable vs. unfavorable behavioral pattern

Physical activity (walk, vigorous activities)

Neither
Either
Both

Sleep quality
no insomnia

difficulty initiating sieep only
difficulty maintaining sleep only
both insomnia symptoms

Financial stabilty (0-4)

Healthy relationships
0 visit, no restriction
no visit, with restriction
visit, with restriction
visit, no restriction

Community engagement (0-8)

Medication management
Seff-manage, no difficulty/no meds
Seff-manage, difficulty

Others manage

Non-physical activities
No
Yes

Emailitext and interet
Both email/text and intemet
Either email/text or internet
Neither

Shifting to assistance vs. maintaining

Shifting to accommodation/difficulty vs. maintaining

independence independence
Odds Ratio 95% CI p-value Odds Ratio 95% CI p-value
008 (0.06, 0.10) <0.001 030 (0.24, 0.36) <0.00
1 E B 1 = E
060 (049, 0.74) <0001 025 (020, 0.30) <0.001
026 (021, 0.83) <0.001 007 (0.05, 0.09) <0.001
1 - . | = &
194 (150, 2.50) <0.001 236 (1.79, 3.10) <0.000
171 (117, 2.50) 0.006 1.60 (1.09, 2.37) 0018
314 (230, 4.30) <0.001 552 (4.08,7.48) <0.000
072 (064, 0.81) <0.000 063 (056, 0.71) <0.000
1 - - 1 = E
345 (1.01,11.83) 0049 37.11 (12.70, 108.43) <0.001
265 (161, 4.36) <0.001 833 (5.10, 13.60) <0.001
0.40 (030, 0.52) <0.001 033 (0.24, 0.44) <0.001
088 (0.85,0.92) <0.001 0.80 (0.77,0.84) <0.001
1 - - 1 - E
265 (1.90, 3.70) <0.001 474 (334, 6.72) <0.001
523 (2.49, 10.97) <0001 8113 (54.00, 193.83) <0.001
1 - - 1 - -
209 (1.76, 2.49) <0.001 3.06 (2.56, 3.66) <0.001
1 E - 1 & -
125 097, 1.61) 0081 062 (0.45, 0.86) 0003
163 (1.35,1.97) <0.001 129 (1.07, 1.55) 0006





OPS/images/fragi-02-770476-t004.jpg
Self-care behaviors Shifting to assistance vs. maintaining independence  Shifting to accommodation/difficulty vs. maintaining independence

or pattarns 0dds Ratio 95% CI p-value 0dds Ratio 95% CI p-value
Favorable vs. unfavorable behavioral patiem 014 0.41,047) <0.001 076 064,089 0001
Physical activity (wak, vigorous actiities)

Neither 1 . 1 -

Either 034 027,042) <0.001 078 (0.60,088) 0.001
Both 0.10 (0,08, 0.13) <0.001 050 0.41,062) <0.001
Sieep quality

no insomnia 1 * 1 o

diffculty initating sieep only 1.70 (1.30, 2.24) <0.001 125 (099, 158) 0066
diffcutty maintaining sieep only 1.46 098, 2.19) 0065 147 084, 1.63) 0341
both insomnia symptorms 447 807, 5.67) <0.001 186 (1.39, 2.49) <0.001
Financial stabilty (0-4) 068 (060, 0.76) <0.001 0.86 0.78,096) 0004
Healthy relationships

n0 visit, no restriction 1 - 1 .

no visit, with restriction 21.09 (836, 53.20) <0.001 284 (1.03,787) 0045
visit, with restriction 5.84 (356, 9.59) <0.001 221 (1.35,361) 0002
visit, no restriction 0.48 036, 0.64) <0001 093 071, 1.20) 0573
Community engagement (0-8) 088 084,0.91) <0.001 102 098, 1.06) 0259
Medication management

Self-manage, no difficulty/no meds 1 = 1 -

Self-manage, diffculty 4.44 (8.08, 6.40) <0.001 2.08 (1.52, 2.86) <0.001
Others manage 49.30 (28.70, 84.69) <0.001 114 056, 2.32) 0714
Non-physical activities

No 1 % 1 -

Yes 2.17 (181, 2.60) <0.001 129 (110, 152) 0002
Emailtext and internet

Both email/text and internet 1 L 1 %

Either email/text or intemet 088 065, 1.20) 0435 130 (1.05, 1.60) 0016

Neither 1.32 (1.10, 1.58) 0.003 115 (0.98, 1.36) 0.084





OPS/images/fragi-02-770476-t001.jpg
Baseline characteristic % Total Unfavorable behavioral pattern Favorable behavioral pattern p-value®

or mean (standard sample (n = 7,609) (n = 4,128; 47.3%) (n = 3,481; 52.7%)

error)

Age (year) 753 (0.09) 771 0.13) 737 (0.11) <0.001
Race

White, non-Hispanic 80.5% 73.8% 86.6% <0.001
Black, non-Hispanic 8.1% 11.0% 55%

Hispanic 6.7% 9.7% 4.0%

Other 4.6% 5.4% 3.9%

Sex (Female) 56.6% 60.7% 52.9% <0.001
Education

<8th grade 10.4% 17.4% 41% <0.001
9th-12th grade (no diploma) 11.4% 17.0% 63%

High school graduate or higher 782% 65.6% 89.6%

Physical activity (walk, vigorous activites)

Neither 30.5% 55.9% 7.7% <0.001
Either 39.0% 39.4% 38.6%

Both 306% 48% 53.8%

Sleep qualty

no insomnia 72.9% 60.0% 84.5% <0.001
difficulty initiating sleep only 11.5% 15.9% 7.5%

difficulty maintaining sleep only 5.5% 6.8% 4.3%

both insomnia symptoms 10.1% 17.3% 3.7%

Financial stability (0-4) 2.94 (0.01) 2.66 (0.02) 3.19 (0.01) <0.001
Healthy relationships

no visit, no restriction 10.0% 18.4% 2.5% <0.001
o visit, with restriction 2.5% 53% 00%

visit, with restriction 6.6% 12.7% 1.0%

visit, no restriction 80.9% 63.6% 96.4%

Community Engagement (0-8) 422 (0.09) 3.09 (003 5.23 (0.04) <0.001
Medication Management

Sefi-manage, no difficulty/no meds 85.9% 76.9% 93.9% <0.001
Seff-manage, difficulty 7.1% 82% 6.1%

Others manage 7.0% 14.8% 0%

Non-physical activities

Yes 35.6% 47.9% 24.6% <0.001
Emailftext and internet

Both emai/text and intemet 36.5% 89% 57.1% <0.001
Either emailtext or internet 17.6% 15.9% 18.9%

Neither 45.9% 75.2% 24.0%

Weighted percentages to ensure population representation.





OPS/images/fragi-02-770476-t002.jpg
Variable %
or mean
(s.e)

Age (year: n = 7,609)
Sex (female)

Race (n = 7,609)
White, non-Hispanic
Black, non-Hispanic
Hispanic

Other

Education (n = 7,513)
<8th grade

9th-12th grade (no diploma)
High school graduate or higher

Physical activity (walk, vigorous activities; n = 7,602)

Neither
Either
Both

Sleep quality (n = 7,564)
no insomnia

difficulty initiating sieep only
difficuity maintaining sleep only
both insomnia symptoms

Financial fitness (0-4; n = 6,830)

Healthy relationships (n = 7,698)
no visit, no restriction

no visit, with restriction

visit, with restriction

visit, no restriction

Community engagement (0-8; n = 7,583)

Medication management (n = 7,609)
Self-manage, no difficulty/no meds
Self-manage, diffiulty

Others manage

Non-physical activities (n = 7,609)
Yes

Internet/email use

Both email/text and internet
Either email/text or internet
Neither

Mobility ADLs
Class 1 Class 2 Class 3 Class 1 Class 2 Class 3
n=4,132 n=1,648 =1,829 n =2507 n=3158 n=1,944
730(0.1) 77402 809 (0.2) 723(0.1) 757 (0.1) 80.1(02)
509% 63.4% 69.2% 44.9% 64.2% 63.5%
83.1% 77.9% 745% 78.3% 84.6% 76.4%
65% 11.3% 104% 8.0% 7.3% 10.1%
56% 6.8% 106% 7.9% 4.4% 93%
48% 4.0% 45% 5.8% 37% 41%
68% 13.1% 200% 9.6% 7.5% 18.1%
99% 12.2% 15.5% 10.3% 10.9% 14.5%
833% 74.7% 64.6% 80.0% 81.7% 67.4%
207% 36.2% 58.2% 19.5% 29.4% 53.7%
39.1% 43.9% 33.5% 38.3% 412% 35.4%
403% 19.9% 83% 42.1% 29.4% 10.9%
786% 65.9% 60.7% 77.7% 73.3% 62.9%
98% 13.7% 15.0% 10.2% 11.5% 13.9%
50% 6.7% 60% 5.3% 53% 6.1%
6.7% 13.8% 18.3% 6.8% 98% 17.2%
302 0.01) 285 (0.03) 274 (0.02) 3.00 (0.02) 295 (0.02) 2.78 (0.02)
7.8% 13.9% 13.5% 9.4% 9.1% 13.1%
04% 21% 105% 0.4% 1.3% 9.2%
25% 9.0% 18.0% 2.8% 56% 15.9%
89.3% 75.0% 58.0% 87.4% 84.1% 61.8%
446 (0.04) 4.02 (0.06) 357 (0.05) 4.24 (0.08) 445 (0.04) 3.70 (0.05)
933% 86.3% 60.0% 94.1% 89.8% 62.1%
56% 9.2% 102% 47% 82% 9.4%
1.1% 4.6% 29.8% 1.2% 2.0% 28.6%
279% 44.4% 53.1% 27.1% 37.4% 48.4%
439% 25.2% 14.4% 43.8% 37.0% 15.5%
18.9% 17.4% 11.4% 17.7% 19.0% 12.6%
37.2% 57.4% 745% 385% 44.0% 709%





OPS/images/fragi-02-770476-t005.jpg
Baseline characteristic % Total Unfavorable behavioral pattern Favorable behavioral pattern p-value

or mean (standard sample (n = 1,575) (0 = 1,177; 71.4%) (n = 398; 28.6%)
error)
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<8th grade 13.6% 16.1% 7.2% <0.001
ath-12th grade (no diploma) 15.2% 18.0% 83%
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Physical activity (walk, vigorous activities)

Neither 47.9% 63.0% 99% <0.001
Either 37.7% 33.2% 49.0%
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Sleep quality

no insomnia 67.8% 60.5% 85.9% <0.001
difficutty initiating sieep only 12.2% 15.1% 47%

difficuty maintaining sleep only 6.6% 7.2% 53%

both insomnia symptoms 13.4% 17.2% 41%

Financial stabilty (0-4) 288 (0.09) 274 (0.03) 322 (0.04) <0.001
Healthy relationships

no visit, no restriction 13.7% 18.1% 27% <0.001
no visit, with restriction 7.5% 10.5% 00%

visit, with restriction 11.4% 14.9% 26%

visit, no restriction 67.4% 56.5% 94.7%
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Medication Management
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“Weighted percentages to ensure population representation.
bMedian (inter-quartile range) are presented here.
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