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Abstract
Background—Relatively little is known about why older persons develop long-term disability in
community mobility.

Objectives—To identify the risk factors and precipitants for long-term disability in walking ¼
mile and driving a car, respectively.

Design—Prospective cohort study from March 1998 to December 2009.

Setting—Greater New Haven, Connecticut.

Participants—641 persons, 70+ years, who were active drivers or nondisabled in walking ¼
mile. Persons who were physically frail were oversampled.

Measurements—Candidate risk factors were assessed every 18 months. Disability in
community mobility and exposure to potential precipitants, which included illnesses/injuries
leading to hospitalization or restricted activity, respectively, were assessed every month. Disability
lasting ≥6 consecutive months was considered long term.

Results—318 (56.0%) and 269 (53.1%) participants developed long-term disability in walking
and driving, respectively. Seven risk factors were independently associated with walking
disability, while eight were associated with driving disability; the strongest associations for each
outcome were found for older age and lower score on the Short Physical Performance Battery. The
effects of the precipitants on long-term disability were large, with multivariable hazard ratios for
each outcome greater than 6 for hospitalization and 2.4 for restricted activity. The largest
differences in absolute risk were generally observed for participants who had a specific risk factor
and were subsequently hospitalized.

Limitations—The observed associations may not be causal. The severity of precipitants was not
assessed. The effect of the precipitants may have been underestimated because their exposure after
the initial onset of disability was not evaluated.

Conclusions—Long-term disability in community mobility is common among older persons.
Multiple risk factors, together with subsequent precipitants, greatly increase the likelihood of
developing long-term mobility disability.
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INTRODUCTION
Maintaining independent mobility is an important goal of clinical medicine and public
health, especially among older persons, who are at the greatest risk for functional decline
and disability. Older persons who lose independent mobility are less likely to remain in the
community, have higher rates of morbidity, mortality, and self-care disability, and
experience a poorer quality of life, with an increased likelihood of depression and social
isolation (1–5). Moreover, in 2004 mobility disability among Medicare beneficiaries was
estimated to confer more than $42 billion in additional health care costs and over 2 million
additional hospitalizations (5).

Among older persons, disability in walking a quarter mile is common and often persists for
six months or more (i.e. long term) (6). After an episode of long-term mobility disability, the
likelihood of regaining sustained independence is very low and the mortality rate is high.
Community mobility includes not only walking outside one's home, but also driving a car
(7). For many older persons, the automobile is the most important—and often the only—
source of transportation. Relatively little is known about why older persons develop long-
term disability in community mobility. Prior research has focused largely on the initial onset
of mobility disability (8–16), has evaluated driving cessation alone (17,18), and has not
considered the role of intervening events, including illnesses or injuries leading to
hospitalization or restricted activity. These events commonly precipitate disability in
essential activities of daily living and impede recovery from prefrail and frail states (19,20).

The objective of the current study was to identify the risk factors and precipitants for the
development of long-term disability in community mobility, including walking a quarter
mile and driving a car, respectively. These two mobility tasks allow individuals to remain
engaged in the community as they grow older. We postulated that long-term disability in
community mobility is attributable to a combination of predisposing factors that make one
vulnerable (e.g., weight loss) and intervening illnesses or injuries that act as precipitants
(e.g., serious infection), and that the strongest single determinant of long-term disability in
community mobility would be a major intervening event, such as hospitalization.

METHODS
Study Population

Participants were members of the Precipitating Events Project, a longitudinal study of 754
community-living persons, aged 70 years or older, who were nondisabled (i.e. required no
personal assistance) at baseline in four essential activities of daily living—bathing, dressing,
walking inside the house, and transferring from a chair (21). Exclusion criteria included
significant cognitive impairment with no available proxy (22), inability to speak English,
diagnosis of a terminal illness with a life expectancy less than 12 months, and a plan to
move out of the New Haven area during the next 12 months.

The assembly of the cohort, which took place between March 1998 and October 1999, is
summarized in Appendix Figure 1 and has been described in detail elsewhere (21,23). In
brief, potential participants were identified from a computerized list of 3,157 age-eligible
members of a large health plan in greater New Haven, Connecticut. Eligibility was
determined during a screening telephone interview and was confirmed during an in-home
assessment. Persons who were physically frail, as denoted by a timed score of greater than
10 seconds on a rapid gait test (i.e. walk back and forth over a 10-ft [3-m] course as quickly
as possible), were oversampled based on our initial sample size estimates for disability in
activities of daily living (19,24). Only 4.6% of the 2,753 health plan members who were
alive and could be contacted refused to complete the screening telephone interview, and
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75.2% of the eligible members agreed to participate in the project. There were no
statistically significant differences between persons who refused to participate and those
who were enrolled according to age or sex. The study protocol was approved by the Yale
Human Investigation Committee, and all participants provided verbal informed consent.

Data Collection
Data on the candidate risk factors were collected during comprehensive home-based
assessments, while data on potential precipitants and community mobility were collected
during monthly telephone interviews. The comprehensive assessments were completed by
trained nurse researchers at baseline and every 18 months for 9 years, while the telephone
interviews were completed for a median of 110 months by a separate team of researchers.
For participants who had significant cognitive impairment or were otherwise unavailable,
we interviewed a proxy informant, using a rigorous protocol, with demonstrated reliability
and validity, as described in an earlier report (22). Deaths were ascertained by review of the
local obituaries and/or from an informant during a subsequent telephone interview. Four
hundred eighteen (55.4%) participants died after a median follow-up of 71 months, while 35
(4.6%) dropped out of the study after a median follow-up of 24 months. Data were otherwise
available for 95.9% of the 4,097 comprehensive assessments and 98.7% of the 69,096
monthly interviews.

Candidate Risk Factors—In addition to demographic factors, we considered potential
risk factors from four domains that have been linked to disability in prior studies (Table 1)
(25). The health-related factors included nine self-reported, physician-diagnosed chronic
conditions, corrected near vision (26), hearing (27), and self-report of a 10-pound weight
loss in the past year (28). The cognitive-psychosocial factors included cognitive status (29),
depressive symptoms (30), functional self-efficacy (31) and social support (32). The
behavioral factors included smoking status, physical activity (33,34), and body-mass index
(35).

The physical capacity factors included a modified version of the Short Physical Performance
Battery (SPPB) (14,36) that included the standard balance maneuvers but substituted three
timed chair stands (instead of five) and timed rapid gait instead of timed usual gait (37). The
other physical capacity factors included dominant hand grip strength (28), nondominant,
upper and lower extremity muscle strength (37), manual dexterity (38), gross motor
coordination (38) and peak expiratory flow (39). Additional operational details regarding the
candidate risk factors are provided in Table 1.

Potential Precipitants—The potential precipitants included intervening illnesses or
injuries leading to either hospitalization or restricted activity (19). During the monthly
interviews, participants were asked whether they had stayed at least overnight in a hospital
since the last interview. The accuracy of these reports, based on 3,403 monthly interviews
and an independent review of hospital records, was high as denoted by a sensitivity of
93.3% (95% confidence interval [CI]: 90.5%–96.1%) and specificity of 99.3% (CI: 99.0%–
99.6%). To ascertain less potent intervening events, participants were asked two questions
related to restricted activity using a standardized protocol with high reliability, i.e. Kappa =
0.90 (CI: 0.71–1.00) based on 20 pairs of independent assessments, as previously described
(19,21). Exposure to the precipitants was classified each month as hospitalization, restricted
activity but no hospitalization, referred to hereafter as simply restricted activity, or neither
hospitalization or restricted activity.

Community Mobility—Community mobility was defined on the basis of two tasks—
walking a quarter mile and driving a car. Each month, participants were asked, “At the
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present time, do you need help from another person to walk a quarter mile?” Participants
who responded “Yes” (or were unable) were considered to be disabled in walking.
Participants were also asked, “Have you driven a car during the past month?” Participants
who responded “No” were considered to be “disabled” in driving. In two subgroups of
participants who were interviewed twice within a 2-day period by different interviewers, the
reliability of our assessment for walking one quarter of a mile (n=91) was substantial, with
Kappa = 0.72 (CI: 0.57–0.87), and for driving a car (n=98) was almost perfect, with Kappa
= 0.98 (0.94–1.0) (40). For both mobility tasks, disability was considered to be long-term if
it lasted for six or more consecutive months.

Assembly of Analytic Samples—Separate analytic samples were assembled for
walking a quarter mile and driving a car. Participants were excluded from the relevant
analytic sample if they were (at baseline) disabled in walking a quarter mile (n=186) or not
driving a car (n=247). As shown in Appendix Figure 2, 641 participants were included in at
least one of the analytic samples, while 434 participants were included in both. We chose
not to evaluate community mobility as a composite outcome using a single analytic sample
because of reductions in sample size and power and, more importantly, because the timing
and rates of long-term disability in the two mobility tasks differed.

Statistical Analysis
The amount of missing data for the candidate risk factors ranged from 0.3% for smoking to
6.8% for peak flow, with the exception of upper and lower extremity muscle strength, for
which 10.0% and 9.5% of the observations were missing. To account for the missing risk
factor data, we used sequential Markov Chain Monte Carlo imputation for multivariate
normal data. Following recommendations for binary longitudinal data (41), we also used
multiple imputation to address the small amount of missing monthly data on mobility
disability (2.1% and 1.4% of the 69,096 observations for walking one quarter of a mile and
driving a car, respectively), as described in an earlier report (42). SAS Proc MI was used for
all imputations. Missing data were not imputed for the potential precipitants (0.7% and 1.0%
of the observations for hospitalization and restricted activity, respectively).

For each of the two analytic samples, we determined the baseline characteristics of
participants using counts (percentages) and means (standard deviations), as indicated. Next,
for each sample we calculated exposure rates and 95% confidence intervals for
hospitalization and restricted activity per 100 person-months over the entire follow-up
period using GEE Poisson models. A first-order autoregression covariance matrix was used
to account for the clustering of within-participant observations.

We used Cox proportional hazards models (43) and procedures recommended by Harrell
(44) to evaluate the bivariate and multivariable relationships between the candidate risk
factors and potential precipitants, respectively, and the time to onset of long-term disability
in each of the two mobility tasks. Participants were censored at the time of death or last
completed interview. Because the candidate risk factors, other than sex, race/ethnicity and
education, could change over time, the bivariate and multivariable models used time-
dependent variables, which were updated every 18 months.

To assess the impact of the potential precipitants, we reran the multivariable Cox models
after adding hospitalization and restricted activity. As previously described (19), the
associated hazard ratios refer to the risk of developing the mobility outcome at month t
based on exposure to hospitalization and restricted activity, respectively, during the
preceding month (t-1). To ensure temporal precedence, we did not evaluate the effect of
potential precipitants that occurred after the initial onset of mobility disability. We estimated
shrinkage and tested the proportional hazards assumption for all variables in the final models
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using the time stratification method (44), and we evaluated the model fit with martingale
residuals (45). No a priori interactions were clinically indicated or tested.

To enhance the clinical interpretation of our findings, we calculated the absolute risk
difference for the two precipitants and each of the independent risk factors from the final
multivariable model by subtracting the conditional probability of developing the relevant
mobility outcome with all variables in the final model set to their reference levels from that
of developing the outcome with the specific precipitant or risk factor (46). Absolute risk
differences were also calculated for each risk factor combined with hospitalization and
restricted activity, respectively. For the ordinal risk factors, absolute risk differences were
calculated only for the levels that had achieved statistical significance at P < .05 in the final
model. Nonparametric 95% confidence intervals were estimated using 1000 bootstrap
samples.

All statistical tests were 2-tailed, and P < .05 was considered to indicate statistical
significance. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC).

RESULTS
The baseline characteristics of participants in the two analytic samples are shown in Table 1.
There were relatively few differences between the two samples. Of the 568 participants who
were nondisabled in walking a quarter mile at baseline, 103 (18.1%) died without having
developed long-term walking disability after a median follow-up of 45 months. Of these, 12,
6, and 4 participants (total = 22 or 21.4%) were disabled in walking a quarter mile
immediately prior to their death for 1, 2, and 3 months, respectively. Of the 507 participants
who were driving a car at baseline, 98 (19.3%) died without having developed long-term
driving disability after a median follow-up of 51.5 months. Of these, 7, 3, and 2 participants
(total = 12 or 12.2%) had stopped driving a car immediately prior to their death for 1, 2, and
3 months, respectively.

In the first analytic sample, 318 (56.0%) participants developed long-term disability in
walking a quarter mile over a median follow-up of 44 months (intraquartile range [IQR],
23–73). In the second analytic sample, 269 (53.1%) participants developed long-term
disability in driving a car over a median follow-up of 54 months (IQR, 29–87). The median
durations of these disability episodes were 10.5 months (IQR, 7–20) and 26 months (IQR,
11–49), respectively. For walking a quarter mile, 85 (26.7%) of the long-term disability
episodes ended in death, while only 10 (3.1%) were followed by a disability free period
lasting at least six months. The corresponding values for driving a car were 115 (42.8%) and
6 (2.2%), respectively.

The bivariate associations of the candidate risk factors with long-term disability in
community mobility are provided in Table 1 as hazard ratios accompanied by 95%
confidence intervals. For each outcome; the strongest association was observed for the SPPB
(particularly score < 7). Other factors that achieved an unadjusted hazard ratio of 3 or higher
for at least one of the two mobility outcomes included age, low functional self-efficacy, low
physical activity, manual dexterity, and gross motor coordination.

As shown in Table 2, exposure to both hospitalization and restricted activity was
considerably greater among participants who developed, than those who did not develop,
each of the two mobility outcomes. For each group, exposure to restricted activity was at
least three times greater than exposure to hospitalization.

Table 3 provides the multivariable results for the risk factors and precipitants associated
with long-term disability in walking a quarter mile and driving a car, respectively. In the
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final models, seven risk factors were independently associated with walking disability (older
age, female sex, chronic conditions, cognitive impairment, low functional self-efficacy, low
physical activity, low and intermediate SPPB scores), while eight were independently
associated with driving disability (older age, female sex, severe visual impairment, weight
loss, cognitive impairment, low physical activity, low SPPB score, higher scores on gross
motor coordination). Of these factors, the largest hazard ratios for each outcome were
observed for age and SPPB score. The effects of the precipitants on long-term disability in
community mobility were large, with multivariable hazard ratios for each outcome greater
than 6 for hospitalization and 2.4 for restricted activity.

The absolute risk differences for long-term disability in walking a quarter mile and driving a
car are shown in Figures 1 and 2, respectively. In the absence of a precipitant, the absolute
risk differences for the independent risk factors ranged from 0.7% (for each additional
chronic condition) to 12.0% (for low SPPB score) for walking disability, and from 2.1% (for
severe visual impairment) to 12.6% (for age ≥ 85) for driving disability. For both outcomes,
the absolute risk difference was considerably greater for hospitalization (top of figures) than
for the risk factors, and was also greater for restricted activity than for most of the risk
factors. The largest differences in absolute risk were generally observed for participants who
had a specific risk factor and were subsequently hospitalized. For example, in the setting of
a hospitalization, the absolute risk difference for long-term disability in walking a quarter
mile was 61.6% among participants who had a low SPPB score, while the absolute risk
difference for long-term disability in driving a car was 67.9% among participants who were
85 years or older. For each of the risk factors, differences in absolute risk were intermediate
for participants who experienced restricted activity, as compared with those who were
hospitalized or not exposed to either precipitant. Nonetheless, when combined with a low
SPPB score for walking and age 85 or older for driving, restricted activity yielded absolute
risk differences that were comparable to those for hospitalization when combined with
several of the other risk factors.

DISCUSSION
In this prospective study of older persons, we evaluated potential risk factors and
precipitants of long-term disability in community mobility. Six major findings warrant
comment. First, over the course of nearly 12 years, more than half of the participants, who
had been previously nondisabled, developed long-term disability in walking a quarter mile
and driving a car, respectively. Second, older age and lower scores on the SPPB were the
risk factors most strongly associated with long-term disability in both mobility tasks. Third,
many other risk factors were independently associated with long-term disability in
community mobility, including several that are potentially modifiable. Fourth, the
magnitude of association with both mobility outcomes was considerably greater for the
precipitants, especially hospitalization, than for the risk factors. Fifth, the associations
between the risk factors and precipitants and subsequent long-term disability differed only
modestly between walking and driving. Sixth, with few exceptions the probability of
developing the two mobility outcomes was highest for persons who had a specific risk factor
and were subsequently hospitalized. By enhancing our understanding of community
mobility, these findings will help to identify older persons at high risk for long-term
mobility disability, and they suggest potential targets for interventions to maintain
independent mobility in the community.

Preserving community ambulation is central to maintaining a high quality of life, including
retention of many activities that are needed to be fully independent and engaged in the
community. Such activities include shopping and walking across a parking lot, to the bus
stop, and around a neighborhood (47). In addition, loss of community ambulation is
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associated with multiple adverse outcomes, including worsening disability and morbidity,
increases in health care utilization and costs, institutionalization, and death (1,2,5,16,48). In
the current study, community mobility included not only walking a quarter mile, but also
driving a car. The adverse consequences of disability in these two mobility tasks are
comparable (4); and this broadened focus is consistent with efforts by other investigators to
assess life-space mobility (49,50).

Our findings support the supposition that long-term disability in community mobility arises
from a combination of predisposing factors, which make one vulnerable, and intervening
illnesses or injuries, which act as precipitants. Three of the predisposing factors—cognitive
impairment, low physical activity, and poor physical performance, as assessed by the SPPB
—were independently associated with long-term disability in both mobility tasks and are
potentially modifiable through an array of interventions (51–53). Given their high incidence
and strong associations with long-term disability in community mobility, the precipitants
offer an attractive and complementary target for intervention. As previously reported
(19,21), several of the most common intervening events, including falls, heart failure,
myocardial infarction, stroke, and arthritis, are preventable (54,55) or amenable to
aggressive in-hospital management (56,57), restorative interventions posthospitalization
(58), or self-management and exercise (59,60). Because older persons with SPPB scores less
than 7 are at such high risk for developing long-term disability, they represent a logical, and
clinically feasible (61,62), target group for preventive interventions.

Our study is unique in that it focused on long-term disability in community mobility, defined
as disability lasting for six or more months. The validity of this operational definition is
supported by the low rate of sustained recovery, which ranged from only 2.2% for driving to
3.1% for walking. In contrast, recovery rates for shorter episodes of mobility disability are
much higher (6). A comprehensive review of the literature from 2000 to July 2011 revealed
no comparable studies of long-term disability in community mobility. Our study
complements prior research showing that serious intervening events, such as stroke and hip
fracture, are more strongly associated with catastrophic versus progressive mobility
disability (63). In contrast to this prior study, however, intervening events in the current
study were ascertained every month, allowing us to establish temporal precedence and,
hence, strengthen a potential causal association with long-term mobility disability.

Our study has several additional strengths, including the long duration of follow-up and low
rate of attrition for reasons other than death. Data were available on a large array of potential
risk factors across multiple domains. Reassessing these factors at 18-month intervals
enhances the likelihood that they accurately reflected the status of participants before the
onset of the mobility disability. The validity of our results is further strengthened by the
nearly complete ascertainment of intervening events and mobility disability and by the high
reliability and accuracy of these assessments.

Nonetheless, our results should be interpreted in the context of several limitations. First,
because this was an observational study, the reported associations cannot be construed as
causal relationships. Second, information was not available on the severity of the illnesses or
injuries leading to hospitalization, on hospital-acquired complications, or on length of stay
or posthospital course. Third, it was not possible to distinguish emergent hospitalizations
from admissions that were designed to be restorative, e.g. total hip replacement for severe
osteoarthritis. Fourth, the effect of the intervening events may have been underestimated
since their exposure after the initial onset of mobility disability was not evaluated. Fifth,
data were available on global cognition, but not on speed of processing, a known risk factor
for driving cessation (18). Sixth, despite their potential importance to community mobility,
information was not available on environmental factors, such as traffic patterns and the
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presence of sidewalks (7). Seventh, the absolute risk differences represent conditional rather
than marginal probabilities, leading to comparison groups that had the lowest possible risk
of mobility disability. Because the risk factors and precipitants were time varying, it was not
possible to calculate marginal probabilities. Finally, because our study participants were
members of a single health plan in a small urban area and were oversampled for slow gait
speed, our results may not be generalizable to older persons in other settings. However, the
demographic characteristics of our cohort reflect those of older persons in New Haven
County, Connecticut, which are similar to the characteristics of the U.S. population as a
whole, with the exception of race or ethnic group (64). The generalizability of our results is
enhanced by our high participation rate, which was greater than 75%.

In summary, long-term disability in community mobility, including walking a quarter mile
and driving a car, is common among older persons. Multiple risk factors, together with
subsequent precipitants, greatly increase the likelihood of developing long-term mobility
disability. Since few older persons recover from long-term disability, strategies to prevent
the initial onset and persistence of community mobility disability are needed.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Absolute risk differences for precipitants and risk factors independently associated with
long-term disability in walking a quarter mile. Values for the risk factors are provided
according to the absence or presence of the two precipitants. Point estimates are
accompanied by nonparametric 95% confidence intervals. The absolute risk difference
represents the absolute risk of developing the outcome when the risk factor is present minus
the base risk, which is the average probability of developing the outcome when all of the
risk factors and precipitants in the final multivariable model are set to their reference level,
namely no precipitant, age 70–74 years, male sex, no chronic conditions, MMSE score ≥ 24,
functional self-efficacy score > 27, PASE score ≥ 64 for men and ≥ 52 for women, and
SPPB score ≥ 10. The base risk for long-term walking disability is 3.7%. For the ordinal risk
factors, absolute risk differences are provided only for the levels that had achieved statistical
significance at P < .05 in the final model.
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Figure 2.
Absolute risk differences for precipitants and risk factors independently associated with
long-term disability in driving a car. Values for the risk factors are provided according to the
absence or presence of the two precipitants. Point estimates are accompanied by
nonparametric 95% confidence intervals. The absolute risk difference represents the
absolute risk of developing the outcome when the risk factor is present minus the base risk,
which is the average probability of developing the outcome when all of the risk factors and
precipitants in the final multivariable model are set to their reference level, namely no
precipitant, age 70–74 years, male sex, mild or no visual impairment, no significant weight
loss, MMSE score ≥ 24, PASE score ≥ 64 for men and ≥ 52 for women, SPPB score ≥ 10,
and gross motor coordination time < 8.8 seconds. The base risk for long-term driving
disability is 4.1%. For the ordinal risk factors, absolute risk differences are provided only for
the levels that had achieved statistical significance at P < .05 in the final model.
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Table 3

Risk factors and Precipitants Associated in Multivariable Analysis with Long-Term Disability in Community
Mobility

Walking a Quarter Mile (n=568) Driving a Car (n=507)

Hazard Ratio 95% CI Hazard Ratio 95% CI

Risk factors*

 Age

  70–74 ref ref

  75–79 1.45 1.07–1.97 1.70 1.22–2.38

  80–84 1.61 1.17–2.23 2.79 1.95–4.0

  ≥ 85 2.41 1.61–3.62 4.36 2.57–7.41

 Female 1.68 1.31–2.16 1.86 1.41–2.46

 Non-Hispanic white 1.46 0.95–2.23

 Living with others 1.26 0.97–1.64

 Chronic conditions† 1.19 1.08–1.32 1.07 0.97–1.19

 Visual impairment

  None or mild ref

  Moderate 1.17 0.85–1.62

  Severe 1.53 1.12–2.10

 Weight loss 1.30 1.00–1.69 1.56 1.17–2.07

 Cognitive impairment 1.58 1.20–2.08 1.67 1.16–2.41

 Low functional self-efficacy 1.84 1.42–2.38

 Low physical activity 1.42 1.11–1.83 1.86 1.42–2.42

 SPPB score

  High ref ref

  Intermediate 2.50 1.46–4.30 1.35 0.81–2.26

  Low 4.51 2.62–7.79 2.20 1.32–3.68

 Hand grip weakness 1.27 0.98–1.66

 Lower extremity weakness 1.33 0.98–1.80

 Gross motor coordination

  ≤ 8.7 ref

  8.8–10.3 1.60 1.01–2.52

  10.4–12.4 1.62 1.04–2.53

  ≥ 12.5 1.92 1.23–3.0

 Low peak flow 1.32 0.98–1.77

Precipitants

 Hospitalization 6.21 4.50–8.56 6.99 5.02–9.73

 Restricted activity 2.44 1.84–3.22 2.52 1.87–3.41

Abbreviation: CI, confidence interval; ref, reference group.

*
Only risk factors with P-values < .10 in the model without precipitants were retained.

†
Hazard ratios are per one unit increase in the number of chronic conditions.
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