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Abstract

Objectives: We examined whether previously identified relationships between 

sociodemographic factors and caregivers for skilled nursing facility (SNF) admissions are 

replicated when jointly accounting for longitudinal change in functional limitations. We further 

explored the impact of caregivers by investigating the relationship between caregiver’s 

characteristics and SNF admissions.

Design: Longitudinal follow-up study.

Setting: The United States of America.

Participants: In total, 3875 older Americans from the 2011–2015 rounds of the National Health 

and Aging Trends Study linked with Centers for Medicare and Medicaid Services.

Measures: Sociodemographic factors and caregiver’s characteristics were used to predict change 

in functional limitations from baseline and time to first SNF admission using a joint modeling 

approach.

Results: In total, 11.3% of the study population had a SNF admission during follow-up. For 

sociodemographic factors, non-Hispanic white, <9th grade education, and having at least 1 

caregiver were associated with higher hazards of SNF admission than other race/ethnicity, college 

or higher education, and no caregiver, respectively. In contrast, living with a partner or living with 

others was associated with lower hazard of SNF admissions. For characteristics of caregivers, 

medical-supportive caregiver was associated with increased hazard of SNF admissions, whereas 
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The study provides insight that can help identify high-risk populations for future interventions to prevent or delay skilled nursing 
facility admissions among older adults in the United States.
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partner caregiver was protective of SNF admissions. Jointly modeling SNF admissions and change 

in functional limitations resulted in greater precision of effect estimates than modeling these 

outcomes separately.

Conclusions and implications: The study provides insight that can help identify high-risk 

populations for future interventions to prevent or delay SNF admissions. The relation between 

caregivers and SNF admissions depended on caregiver’s characteristics. Future work should focus 

on providing help to those without a partner caregiver or needing help managing their health to 

ensure independent living and improve the well-being of older adults. Precision increased when 

jointly modeling the SNF admission with change in functional limitations.

Keywords

Skilled nursing facility admissions; functional limitations; joint modeling

Skilled nursing facility (SNF) admissions are costly for the individual and the society.1 SNFs 

provide post-acute skilled care to older adults who need care before a potential return to 

their community after a hospitalization.2 However, a substantial proportion of patients 

admitted to a SNF experience readmissions within 30 days.2,3 Negative consequences of 

SNF admissions for older adults’ well-being have prompted a large number of studies to 

investigate predictors of SNF admissions to prevent or delay older adults going to these 

facilities.4 An abundance of studies have shown that functional limitations are one of the 

main risk factors of SNF admissions.4,5 Further, sociodemographic characteristics, such as 

low income, non-Hispanic whites, living alone, and having a caregiver are shown to be risk 

factors for SNF admissions and functional limitations.4,6–8 The previously detected 

associations between sociodemographic factors and caregivers and SNF admission may be 

explained by the high correlation between functional limitations and SNF admission. In 

particular, the relationship between number of caregivers and SNF admissions could be 

explained by health status. Characteristics of both the caregiver and the recipient have been 

shown to drive the caregivers’ decision of long-term SNF admissions for American patients 

with dementia.9 Caregivers may strive to keep the older adults in the community and to 

facilitate SNF admissions for serious health problems. The dominance of these 

counteracting mechanisms may depend on the relationship between the caregiver and the 

recipient. To investigate potential mechanisms behind the relationship between caregivers 

and SNF admissions, characteristics of caregivers should be explored. Furthermore, to 

account for the correlation between functional limitations and SNF admissions, the 2 

outcomes should be modeled jointly when estimating the effects of sociodemographic 

factors and caregivers. Joint modeling is a powerful method to account for correlation and 

shared information between longitudinal outcomes and time-to-event outcomes.10 This 

approach leads to more efficient and accurate estimation of effects compared with models 

that solely include time-varying covariate.10

Our objectives were 2-fold. First, we investigated whether previously detected 

sociodemographic factors and caregivers as predictors of SNF admissions are replicated 

when modeled jointly with longitudinal change in functional limitations. Second, we 

disentangled the previously detected relationship between caregivers and SNF admissions by 
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exploring the relationship between different characteristics of caregivers and SNF 

admissions.

Methods

Data Source

We used data from 2011–2015 rounds of the National Health and Aging Trends Study 

(NHATS) linked with Centers for Medicare and Medicaid Services data. In brief, the 

NHATS cohort includes a nationally representative sample of Medicare beneficiaries who 

were ≥65 years old.11 The study protocol was approved by the Johns Hopkins University 

Institutional Review Board (IRB) and the Yale IRB (HIC# 1510016585).

Variables

The main exposures included sociodemographic factors and characteristics of caregivers. 

The sociodemographic factors included being female (reference), race/ethnicity (race/

ethnicity other than non-Hispanic whites as reference), cohabitation status, and educational 

level. Cohabitation status was based on the previous round categorized as living alone 

(reference), living with a partner, living with others, and living with a partner and others. 

Educational level was categorized as ≥college (reference), <9th grade education, 9th-12th 

grade or high school, and vocational training. Caregivers were identified for each participant 

as a person who had helped with mobility, self-care activities, household activities, medical 

care-related activities, or driving and transportation.12 Number of caregivers was categorized 

as 0 (reference), 1–2, and ≥3 caregivers. For those with a caregiver, we investigated the 

following caregiver characteristics: (1) paid (no/yes), (2) medical-supportive who helped 

with physician contact and prescription medicine (no/yes),13 (3) partner (no/yes), (4) child 

(no/yes), (5) neighbor/friend (no/yes), and (6) overall family (no/yes). Number of different 

types of caregiver sources (partner, child, other family, neighbor/friend, professionals, and 

others) was categorized as 1 (reference), 2–3, and ≥4 sources (Appendix: Supplementary 

Table S1).

The covariates included age, dementia status, self-rated health, and a morbidity index. Age 

was categorized as 65–69 years (reference), with 5-year increments to ≥90 years. Dementia 

status was dichotomized as normal (reference) or living with dementia if the individual 

fulfilled any of the following 3 validated NHATS criteria for dementia14: self-reported, 

physician-diagnosed dementia; probable dementia classification scores (score ≤ 2/8 items) 

from the validated proxy-report;15 and an impairment classification score from a cognitive 

test battery. Overall self-rated health was measured on a 5-point Likert scale ranging from 

excellent to poor. The morbidity index was based on self-report of the following 9 

conditions: heart attack, heart disease, high blood pressure, arthritis, osteoporosis, diabetes 

mellitus, lung disease, stroke, and cancer.

Change in functional limitations and first SNF admission were the main outcomes. Change 

in functional limitations was measured on a scale developed and validated by Gill and 

Williams,16 which ranges from 7 (full function) to 28 (no function). The scale is based on 

the ability to perform 4 self-care activities (eating, washing oneself, toileting, and dressing) 
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and 3 mobility activities (going outside, getting around inside, and getting out of bed). We 

calculated the change in the functional score from baseline (2011) for each follow-up round. 

First SNF admission was based on an algorithm developed and validated by Yun et al using 

Centers for Medicare and Medicaid Services data to identify SNF admissions17 (Appendix: 

Supplementary Table S2). SNF admissions were included as a combination of short- and 

long-term stays in the main analyses. Separate analyses were conducted for the short- (<100 

days) and long-term (≥100 days) stays.

Statistical Analyses

Descriptive statistics were conducted using cross tabulation by SNF admission status. We 

applied a joint modeling approach using 3 steps for the primary analysis. The joint modeling 

approach accounts for existing correlation between a survival outcome and a longitudinal 

outcome; here, the correlation between functional limitations and time to first SNF 

admission. Older adults who are functionally disabled are more likely to be admitted to a 

SNF, and this correlation may provide important clinical insight into the health trajectory of 

older adults. Further, joint modeling approach can correct for random measurement error in 

the longitudinal outcome. In the joint model, a linear mixed effects model was used to model 

functional limitations and a Cox proportional hazards model was used to model time to first 

SNF. We chose the semiparametric Cox proportional hazards model because of its less 

restrictive assumptions as opposed to parametric survival models such as Weibull. The 

following modeling steps were followed. First, we used a sociodemographic linear mixed 

effect model with random intercepts and slope to analyze the associations of the following 

characteristics with change in functional limitations: sex, race/ethnicity, educational level, 

cohabitation status, age, time, dementia, self-rated health, and morbidity. Next, we applied 

Cox proportional hazard model to analyze the associations of the characteristics in the 

sociodemographic model with time to first SNF admission. Finally, we jointly modeled 

change in functional limitations and time to first SNF admission as outcomes and 

sociodemographic factors as predictors using estimates from the separate models for each 

outcome as starting values. We repeated these steps in the analysis restricted to individuals 

with a caregiver, focusing on the following caregiver characteristics: paid caregiver, medical-

supportive caregiver, partner caregiver, child caregiver, neighbor/friend caregiver, any family 

caregiver, and number of caregiver sources. The statistical analysis was implemented using 

JM package in R statistical software (The R Foundation, Rotterdam, The Netherlands).18 JM 

package is a user-friendly joint modeling tool, where the user simply specifies the analytic 

data, longitudinal outcome, survival outcome, and a set of predictors. For all Cox regression 

analyses, the available data were weighted with the inverse probability of not being missing 

(n = 1583) between rounds 1 and 2 (Figure 1). Missing values were due to death and loss to 

follow-up. These weights were estimated as inverse probabilities from a logistic regression 

with age, sex, race/ethnicity, educational level, cohabitation status, number of caregivers, 

dementia, and functional limitations as the covariates and missing indicator between rounds 

1 and 2 as the response variable. For sensitivity analyses, we fitted 2 separate Cox regression 

models for the sociodemographic and caregiver model with physical limitations as an 

additional covariate. Further sensitivity analyses involved joint modeling of change in 

functional limitations with short- or long-term SNF stays.
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Results

Descriptive Results

The baseline characteristics for those with and without a SNF admission during follow-up 

are presented in Table 1. In total, 11.3% of the study population had a SNF admission during 

follow-up. The mean change in functional limitations from baseline was 3 times greater 

among those who had a SNF admission compared with those who did not. In total, 92.4% of 

the study population had a caregiver at some point during follow-up.

Joint Modeling of Functional Limitations and SNF Admissions

For the sociodemographic model (Table 2), only male sex significantly predicted 

improvement in functional limitation. For SNF admissions, non-Hispanic whites, <9th grade 

education, and more caregivers were associated with increased hazards of SNF admission 

compared with their respective references. In contrast, living with a partner or living with 

others was associated with lower hazard of SNF admission. One point worsening in change 

of functional limitations was associated with 26% higher hazard of SNF admission. The 

correlation between the person-specific intercept and person-specific slope was −0.12.

For the caregiver model (Table 2), having a medical-supportive caregiver was significantly 

associated with worsening in functional limitations and was associated with increased 

hazard of SNF admission, whereas having a partner caregiver was protective of SNF 

admission. One point worsening in functional limitations was associated with 20% higher 

hazard of SNF admissions. The correlation between the person-specific intercept and 

person-specific slope was −0.21.

Sensitivity Analyses

The estimates from the separate Cox regression models are presented in Supplementary 

Table S3. Overall, the estimates from the joint models were more precise and greater in 

absolute value than the estimates from the separate analyses. The estimates from the joint 

models for first short- (n = 344) and long-term (n = 150) SNF admissions are presented in 

Supplementary Tables S4 and S5, respectively. Comparing the results for short-term SNF 

admission with the main results, the estimate for race/ethnicity became slightly greater in 

absolute value, whereas the estimates for cohabitations status, number of caregivers, and 

medical-supportive caregivers became slightly smaller. In the analyses for long-term SNF, 

the estimate for race/ethnicity was not significant, whereas the estimates for cohabitation 

status, number of caregivers, paid caregiver, medical-supportive caregiver, partner caregiver, 

and neighbor/friend caregiver became greater in absolute value.

Discussion

We applied a joint modeling approach to investigate the relationship between 

sociodemographic factors and characteristics of caregivers for SNF admissions accounting 

for repeated measures of change in functional limitations among older adults. The joint 

modeling analyses provided larger point estimates with higher precision than the 

corresponding estimates from separate Cox regression analyses.

Jørgensen et al. Page 5

J Am Med Dir Assoc. Author manuscript; available in PMC 2020 August 24.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Sociodemographic Factors and SNF Admission

For sex, similar to the present study, a meta-analysis of American studies found no 

association; whereas a systematic review of studies from developed countries reported 

inconsistent evidence.4,5 No sex difference in SNF admissions could be explained by the 

paradox that female individuals live longer than male individuals despite experiencing worse 

health.19 Thus, female individuals may experience worse health, while simultaneously, being 

less affected by it. These counteracting mechanisms may lead to no sex difference in SNF 

admissions. Furthermore, female individuals report poorer satisfaction with health and 

nursing care than male individuals,20–22 which may cause reluctance toward SNF 

admissions despite poorer health among female individuals. Moreover, extended social 

networks among female than male individuals23 and differences in social roles could also be 

explanations.

Similar to our results for race/ethnicity, the previous mentioned meta-analysis and 

systematic review found that white Americans were associated with more SNF admissions.
4,5 These findings could be explained by race/ethnical differences in access to and quality of 

care facilities, family structures, social networks, and caregiving. The American history of 

race/ethnical segregation may have caused continued underrepresentation of African 

American and Hispanic older adults in assisted living facilities and nursing homes in the 

United States.24–27 Today, African American older adults experience placement at SNFs 

farther away from their community and with poor quality of care in comparison to white 

older adults.25,27,28 This may explain why African American older adults are less likely to 

endorse assisted living facilities and nursing home admissions.29 Instead, older African 

Americans receive more assistance and support from their family members.30,31 Also, 

African American family caregivers of older adults with dementia experience fewer 

depressive symptoms and are less likely to seek SNF admissions compared with their white 

counterparts.9,32

For educational level, we found increased hazards of SNF admissions among those with 

<9th grade education in contrast to the meta-analysis that found no influence of educational 

level and the systematic review that found mixed results.4,5 Mixed results may be explained 

by differences in categorization of educational level, geographic variation, and cohort 

effects. In the American meta-analysis, house ownership and higher levels of income were 

found to be protective of SNF admissions,4 which shows the importance of socioeconomic 

resources.

For cohabitation status, the present study and the meta-analysis found that having a partner 

or cohabiting was protective of SNF admissions, whereas the systematic review found 

moderate to weak evidence of increased risk of SNF admissions among unmarried adults 

and inconsistent results for those living alone.4,5 Different mechanisms in various cultural 

settings may explain the inconsistencies in the results.

Caregivers and SNF Admission

In the meta-analysis, the sizes of the associations of available informal caregiver and formal 

help for SNF admissions4 were comparable to those from our separate Cox regression 
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analysis, whereas the results from the joint modeling analysis yielded larger estimates. Thus, 

sharing information on concurrent changes in physical limitations strengthens the 

relationship between caregivers and SNF admissions. This contradicts with a hypothesis that 

more caregivers indicate complex healthcare needs. Instead, these findings suggest that 

caregivers initiate SNF admissions when health problems become severe. Contrary to 

previous findings, 2 American studies found a protective effect of informal care on SNF 

admission.33,34 These differences may be explained by specific definitions of child 

caregivers in these 2 studies.

Variation in findings based on characteristics of caregivers could imply differences in 

mechanisms behind the relationship between various types of caregivers and SNF 

admissions. First, the strong protective effect of partner caregiver in our study is supported 

by 2 studies that showed caregiver co-residence was protective of SNF admissions; co-

residence with adult offspring was most protective.35,36 One meta-analysis of patients with 

dementia showed that closeness of the relationship between caregiver and recipient was 

protective of SNF admissions,37 whereas another systematic review of patients with 

dementia did not find an effect of caregiver relationship.38 Partner caregiver may be of great 

importance because they are more persistent and provide more care, thus, they may strive 

more to keep the person in the community compared with children caregivers.39

A medical-supportive caregiver may act as a predictor of SNF admission because they, 

because of their medical insight, potentially advocate more for a SNF admission if the older 

adults’ healthcare needs are unmet. Also, this association could be explained by residual 

confounding based on health status and care need. For the other characteristics, the meta-

analysis of patients with dementia showed that help with activities of daily living from 

family was associated with decreased risk of SNF admissions, whereas paid help and 

amount of family help and support were not.37 No association between overall family 

caregiver and SNF admission in the present study could be due to lack of variation because 

the majority had a family caregiver and these caregivers may be more distant compared with 

a partner care-giver. Also, family caregivers have been identified to either provide supportive 

caregiving or conflicting caregiving,40 which demonstrates that family caregivers can 

provide very different types of caregiving depending on their relationship with the care 

recipient.

The findings support that the relationship between caregivers and SNF admissions depends 

on the context and characteristics of the caregiver-recipient relationship.

Short- vs Long-term SNF Admissions

The results deviated slightly between short- and long-term SNF admissions. Cohabitation 

status, number of caregivers, and almost all characteristics of caregivers were more strongly 

associated with long-term SNF admissions. Caregiver characteristics may be more important 

for long-term compared with short-term SNF admissions because of different impacts of 

social network, poor health, and co-payment on short- and long-term SNF admissions. 

Long-term SNF admissions could reflect a more permanent need for care and help where 

geographically close relations and caregivers are more essential for the ability to stay in the 

community. This is supported by a previous study, which found that geographic closeness of 
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children was protective of long- but not short-term SNF admissions.33 Number of caregivers 

and medical-supportive caregivers may be strongly associated with long-term SNF 

admissions because long-term SNF admissions reflect poorer health and more permanent 

care needs. This is supported by our findings that dementia was associated with greater 

hazards for long-term compared with short-term SNF admissions (results not shown). 

Finally, a stronger negative association between paid caregiver and long-term SNF 

admissions could be explained by the ability to pay for both of these services. Medicare 

coverage of SNF costs decreases when admissions extend >20 days.41

Difference in short- vs long-term SNF admissions was detected for race/ethnicity in that 

non-Hispanic white older adults were associated with greater hazards of short-term but not 

long-term SNF admissions. As described above, this may also be explained by long-term 

SNF admissions depending more on poor health and permanent care needs. Reluctance 

toward SNF admissions may, thus, become of less importance. Older African Americans’ 

greater resistance toward assisted living facilities and nursing home admissions29 may limit 

short-term admissions more than long-term admissions because the latter is more dependent 

on permanent care need. In addition, the tendency that African Americans more often are 

placed at SNFs with poorer quality of care and lower degree of successful discharges to the 

community25 may also increase the risk of an SNF admission turning into a long-term 

admission.

Strengths and Weaknesses

This study has several strengths. A major strength is the improved precision and validity of 

the estimates by jointly modeling SNF admissions and change in functional limitations. The 

study includes a large sample size of 3875 older adults based on a population with a high 

response rate (71%) at baseline and yearly follow-up over a 5-year period. Both outcomes 

included in the study are validated.16,17 We used inverse probability weights to account for 

those excluded because of missing follow-up information (Figure 1), and the method uses 

full likelihood-based method to account for missing data in the outcomes.

The study has a few limitations. We cannot draw causal conclusion given the observational 

nature of the study, although there is temporality and we applied advanced methods to assess 

the associations. Despite jointly modeling of change in functional limitations and SNF 

admission and including a range of measures of health status, there might be residual 

confounding. Another issue is that restricting the population to those covered by Medicare 

fee-for-service may hinder generalizability.

Conclusions and Implications

This study showed that a joint modeling approach provided greater and more precise 

estimates than the separate Cox regression analyses of sociodemographic factors and 

caregivers for SNF admissions. The study provided insight that could help identify high-risk 

populations for future interventions to prevent or delay SNF admissions. High-risk 

populations are identified by the following characteristics: non-Hispanic white, living alone, 

<9th grade education, and more caregivers. Among those with a caregiver, caregiver 

characteristics are shown to be important for SNF admissions. Older adults who have a 
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partner caregiver are protected against a SNF admission, whereas those who have a medical-

supportive caregiver are more likely to get a SNF admission. Future interventions should 

focus on helping those without a partner caregiver or those needing help and medical 

support to ensure independent living. To promote independent living, it is important to 

monitor functional limitations for older adults.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Flow chart of study selection.
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Table 1

Baseline Characteristics of Study Population, n (%)

Baseline characteristics All (N = 3875) SNF

No (n = 3439) Yes (n = 436)

Age

 65–69 y 784 (20.2) 755 (22.0) 29 (6.6)

 70–74 y 790 (20.4) 735 (21.4) 55 (12.6)

 75–79 y 783 (20.2) 696 (20.2) 87 (20.0)

 80–84 y 767 (19.8) 653 (19.0) 114 (26.2)

 85–90 y 462 (11.9) 370 (10.7) 92 (21.1)

 90+ y 289 (7.5) 230 (6.7) 59 (13.5)

Sex

 Female 2196 (56.7) 1911 (55.6) 285 (65.4)

 Male 1679 (43.3) 1528 (44.4) 151 (34.6)

Race/ethnicity

 Other than non-Hispanic whites 1088 (28.1) 978 (28.4) 110 (25.2)

 Non-Hispanic whites 2787 (71.9) 2461 (71.6) 326 (74.8)

Educational level

 College or higher 453 (11.7) 400 (11.6) 53 (12.1)

 <9th grade education 1515 (39.1) 1308 (38.0) 207 (47.5)

 9th-12th grade and high school 280 (7.2) 250 (7.3) 30 (6.9)

 Vocational training 1627 (42.0) 1481 (43.1) 146 (33.5)

Cohabitation status

 Living alone 1288 (33.3) 1078 (31.3) 210 (48.2)

 Living with a partner 1616 (41.7) 1502 (43.7) 114 (26.1)

 Living with others 342 (8.8) 316 (9.2) 26 (6.0)

 Living with partner and others 629 (16.2) 543 (15.8) 86 (19.7)

Number of caregivers

 0 590 (15.2) 536 (15.6) 54 (12.4)

 1–2 2710 (69.9) 2430 (70.6) 280 (64.2)

 3+ 575 (14.9) 473 (13.8) 102 (23.4)

Cognition

 Normal 3008 (77.6) 2717 (79.0) 291 (66.7)

 Dementia 867 (22.4) 722 (21.0) 145 (33.3)

Change in functional limitations

 Mean (SD) range −16;18 0.35 (2.75) 0.28 (2.62) 0.95 (3.59)

Self-rated health

 Mean (SD) range 0;5 2.77 (1.10) 2.74(1.10) 3.02 (1.09)

Comorbidities

 Mean (SD) range 0;10 2.50(1.55) 2.45 (1.53) 2.89 (1.65)

Characteristics of Caregivers for Those with Caregivers*

All (N = 3580) No (n = 3172) Yes (n = 408)
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Paid caregiver

 No 3100 (86.6) 2775 (87.5) 325 (79.7)

 Yes 480 (13.4) 397 (12.5) 83 (20.3)

Medical supportive caregiver

 No 2020 (56.4) 1867 (58.9) 153 (37.5)

 Yes 1560 (43.6) 1305 (41.1) 255 (62.5)

Partner caregiver

 No 1615 (45.1) 1354 (42.7) 261 (64.0)

 Yes 1965 (54.9) 1818 (57.3) 147 (36.0)

Child caregiver

 No 332 (9.3) 293 (9.2) 39 (9.6)

 Yes 3248 (90.7) 2879 (90.8) 369 (90.4)

Neighbor/friend caregiver

 No 2546 (71.1) 2264 (71.4) 282 (69.1)

 Yes 1034 (28.9) 908 (26.6) 126 (30.9)

Any family caregiver

 No 63 (1.8) 57 (1.8) 6 (1.5)

 Yes 3517 (98.2) 3115 (98.2) 402 (98.5)

Number of caregiver sources

 1 434 (12.1) 370 (11.7) 64 (15.7)

 2–3 2756 (77.0) 2453 (77.3) 303 (74.3)

 4+ 309 (10.9) 349 (11.0) 41 (10.0)

*
Among those who have a caregiver at any time point during follow-up.
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Table 2

Covariates Adjusted Association Between Sociodemographic Factors and Caregivers and the Outcomes 

Change in Functional Limitations and SNF Admissions From Joint Modeling

Exposure variables Change in Functional Limitations Beta (95% CI)* SNF Admission HR (95% CI)
†

Sociodemographic Model
‡

 Sex

  Male vs female −0.17 (−0.34; −0.00) 1.02 (0.82; 1.26)

 Race/ethnicity

  Non-Hispanic whites vs others 0.13 (−0.06; 0.32) 1.31 (1.03; 1.65)

 Education (reference: college or higher)

  <9th grade education 0.03 (−0.25; 0.31) 1.57 (1.14; 2.17)

  9th-12 th grade and high school −0.12 (−0.51; 0.27) 1.19(0.75; 1.90)

  Vocational training 0.04 (−0.24; 0.33) 0.95 (0.68; 1.33)

 Cohabitation status (reference: living alone)

  Living with a partner 0.06 (−0.12; 0.24) 0.42 (0.32; 0.54)

  Living with others 0.09 (−0.18; 0.36) 0.46 (0.30; 0.70)

  Living with partner and others −0.06 (−0.26; 0.14) 0.80 (0.61; 1.04)

 Number of caregiver (reference: 0)

  1–2 −0.04 (−0.21; 0.12) 1.53 (1.13; 2.08)

  3+ −0.04 (−0.25; 0.16) 2.27 (1.61; 3.21)

 Change in functional limitations
‡

  One unit change 1.26(1.22; 1.30)

Caregiver Model4
§

 Paid caregiver

  Yes vs no 0.02 (−0.16; 0.20) 1.30 (0.99; 1.69)

 Medical-supportive caregiver

  Yes vs no 1.06 (0.92; 1.20) 1.95 (1.57; 2.43)

 Partner caregiver

  Yes vs no −0.23 (−0.72; 0.25) 0.48 (0.38; 0.61)

 Child caregiver

  Yes vs no −0.08 (−0.40; 0.25) 0.91 (0.63; 1.31)

 Neighbor/friend caregiver

  Yes vs. no −0.09 (−0.28; 0.09) 0.93 (0.72; 1.19)

 Any family caregiver

  Yes vs no −0.15 (−0.85; 0.55) 1.15 (0.49; 2.72)

 Number of caregiver sources (reference: 1)

  2–3 −0.26 (−0.02; 0.53) 1.08 (0.78; 1.48)

  4+ 0.17 (−0.19; 0.53) 1.16 (0.69; 1.95)

 Change in functional limitations
‖

  One unit change 1.20 (1.15;1.24)

Note. Bold values are statistically significant (P < .05).
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CI, confidence interval.

*
Based on estimates from linear mixed effect model with random intercept and slope in joint model.

†
Based on estimates from Cox regression model in the joint model.

‡
All exposures included in the same model + age, time, dementia, self-rated health, and comorbidities.

§
All exposures included in the same model + age, time, dementia, self-rated health, comorbidities, cohabitation, education, race/ethnicity, and sex.

‖
This is a parameter estimated from the joint model.
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