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Abstract

Background—Slow gait speed is an objective measure of physical function that predicts 

morbidity and mortality in older adults, but whether it increases the risk of costly long-term 

nursing home residence when accounting for death as a competing risk remains unknown.

Design—Longitudinal cohort study using proportional hazards models to predict long-term 

nursing home residence, compared to subdistribution models with death as a competing risk.

Setting—Community-based prospective cohort study
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Participants—3,755 older women (mean age = 76.3) participating in the Study of Osteoporotic 

Fractures who were also enrolled in Medicare fee-for-service plans were followed until long-term 

nursing home residence, disenrollment from Medicare plan, death, or December 31, 2010.

Measurements—Gait speed was measured on a straight six-meter course and averaged over two 

trials. Long-term nursing home residence was defined by a validated algorithm based on Medicare 

Part B claims for nursing home-related care.

Results—Over the follow-up period (median: 11 years), 881 participants (23%) experienced 

long-term nursing home residence and 1,013 (27%) died before experiencing this outcome. Slow 

walkers (55% of participants with gait speed <1 meter/second) were significantly more likely than 

faster walkers to reside in a nursing home long-term (adjusted Hazards Ratio, aHR = 1.79, 95% 

confidence interval, CI: 1.54, 2.09). Associations were attenuated in subdistribution models 

(aHR=1.52, 95% CI: 1.30, 1.77) but remained statistically significant.

Conclusion—Older community-dwelling women with slow gait speed are more likely to 

experience long-term nursing home residence as well as mortality without long-term residence. 

Ignoring the competing mortality risk may overestimate long-term care needs and costs.

Keywords

aging; gait speed; Medicare; nursing home; competing risk

INTRODUCTION

Slow gait speed is an objective measure of poor physical function that is associated with 

increased risk of disability, morbidity, and mortality in older adults 1–3. Poor physical 

function is a predictor of nursing home residence even when accounting for characteristics 

that increase the risk of nursing home admission, such as health 1 and cognitive status 4. 

Quantitative estimates of the association between gait speed and nursing home placement 

may overestimate risk because gait speed strongly predicts death, making mortality a 

competing risk 5. While poorer physical function predicts institutionalization 1,4,6 and 

mortality is a known competing risk for nursing home placement of 100 days or more 7, it is 

unknown whether slow gait speed increases the risk of longer-term nursing home residence 

or whether this association is influenced by the competing risk of mortality.

Accurately assessing risk of long-term nursing home residence is a necessary step to 

decrease the national and individual burden of health care costs. National expenditures for 

nursing home residence of one year or more range from $25 to $29 billion.8 Thirty percent 

of nursing home residents stay for 13 months or more and 25% remain in a nursing home for 

over three years.9 Preventing or delaying long-term nursing home residence would 

significantly reduce the financial burden on both individuals and federal programs and is an 

important issue for health policy and management.

Traditional survival models may underestimate the association between slow gait speed and 

long-term nursing home residence due to differences in mortality rates between slow and 

faster walkers: slow walkers are at greater risk of nursing home residence and are also more 

likely to die before they can experience this outcome 10,11. In this situation, mortality should 
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not be treated as an uninformative censoring event because subjects censored due to death 

may not have the same distribution of time-to-event as subjects who experience long-term 

nursing home residence 12. A recent study of community-dwelling older adults found that 

accounting for mortality as a competing risk reduced the association between a summary 

score of self-reported limitations in activities of daily living and nursing home placement 7. 

To our knowledge, no study has evaluated an objective measure of physical performance, 

such as gait speed, as a predictor of long-term nursing home residence while controlling for 

mortality as a competing risk.

To examine this association, we used a unique longitudinal data set comprised of women 

participating in the Study of Osteoporotic Fractures (SOF) and enrolled in a Medicare fee-

for-service plan. We hypothesized that older women with slow usual gait speed would have a 

higher risk of long-term nursing home residence compared to older women with faster gait 

speed. In addition, we hypothesized that this association would attenuate once mortality was 

included as an informative censoring event.

METHODS

Sample

The SOF sample included 9,704 women aged 65 or older who were recruited between 1986 

and 1988 from population-based listings in four areas of the United States: Baltimore 

County, MD; Minneapolis, MN; Portland, OR; and the Monongahela Valley, PA 13. Women 

were excluded if they could not walk without assistance or had a history of bilateral hip 

replacement. During 1996–97, an additional 662 African-American women who met the 

same inclusion criteria were enrolled, making an overall total of 10,066. All participants 

provided written informed consent and the Institutional Review Boards of each study site 

approved the study protocol.

Data collection and analytic sample

Linkage of the SOF cohort to Medicare Claims Files was completed by submitting 

participant social security and/or Medicare numbers to the Centers for Medicare and 

Medicaid Services 14. Claims files were first available as of 1/1/1991. Of the 9,986 SOF 

enrollees who were alive as of this date, 6,435 were enrolled in a Medicare fee-for-service 

plan for at least one month between 1/1/1991 and 12/31/2010 and 5,804 did not have 

alternative insurance plans. Of these women, 3,755 had a gait speed measurement taken at 

the SOF interview immediately following Medicare claims data availability, Visit 4 for 

Caucasians and Visit 6 for African Americans (Figure 1). The 3,755 SOF participants in the 

analytic sample were slightly younger, more likely to be African American, and more likely 

to be married than those who were excluded from this analysis.

Gait speed

Usual gait speed (meters/second, m/s) was ascertained by trained interviewers over a straight 

six-meter course and averaged over two timed trials 15. Usual gait speed was dichotomized 

as slow (< 1.0 m/s) and faster (≥1.0 m/s); this cut point was strongly predictive of mortality 

in a recent pooled analysis of nine community-based cohort studies 2 and was the median 
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baseline gait speed in the SOF sample. Alternative gait speed cut-points are also predictive 

of negative health outcomes in older adults 2,16, therefore, we conducted sensitivity analyses 

dichotomizing usual gait speed at 0.8 m/s.

Long-term nursing home residence

Incident long-term nursing home residence was defined by a modified version of a 

previously published algorithm using Medicare claims data to distinguish between short-

term (usually intended for purposes of post-hospital rehabilitation, Medicare Part A) and 

long-term (usually for custodial residence, Medicare Part B) nursing home stays 17,18. Since 

Medicare does not cover long-term nursing home stays, the algorithm uses billing 

information for outpatient services that are delivered to nursing home residents. We first 

identified a month with a carrier or outpatient bill that did not occur during Part A-covered 

nursing home stays and examined up to the following 12 months for subsequent Part B 

outpatient services delivered in the nursing home. For participants with less than thirteen 

months of Medicare claims, all available months were considered in the algorithm. We 

defined long-term nursing home residents as women who had a Part B nursing home claim 

submitted for 40% or more of their eligible follow-up months as long as no Part A nursing 

home claims were submitted during this period. For example, if a participant was followed 

in a nursing home for only 5 months and submitted Plan B claims for 2 of those months, she 

was considered to have met the criteria for long-term nursing home placement. This 

definition has high predictive validity (sensitivity 87%, specificity 96%) of custodial 

residence in a nursing home 17.

Death

All-cause mortality was defined as date of death by Medicare records as of 12/31/2010.

Covariates

Sociodemographic variables included the respondent’s age and marital status (married 

versus other), self-reported race (Caucasian versus African American), highest level of 

education (> 12 years versus ≤12 years), and SOF study site.

Health status variables included body mass index (BMI, weight in kilograms/height in 

meters2) and cognitive function based on the modified Mini Mental State Exam (MMSE, 

possible scores 0–30) 19.

Statistical Analyses

Separate unadjusted and adjusted associations between gait speed and long-term nursing 

home residence were first examined using Cox proportional hazards regression (hazards 

ratios (HR) and 95% confidence intervals (CI)) (SAS 9.4, SAS Institute, Inc., Cary, NC) 

with death as an uninformative censoring event. Covariates were retained in the model if 

they were determined to be clinically or statistically relevant. Manual backwards selection 

was used to sequentially eliminate individual covariables if they were not statistically 

significant (p>0.20) and their elimination did not change the coefficient for slow gait speed 

by 10% or more The final adjusted models included age, race, marital status, BMI, MMSE 

and SOF interview site.
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We then fit unadjusted and adjusted subdistribution hazards models 20 which treated death 

before long-term nursing home residence as a competing risk. In these subdistribution 

models, participants who died prior to meeting the criteria for long-term nursing home 

placement were censored as a death but continued to contribute person-time until the end of 

study follow-up (i.e., 12/31/2010). This approach allowed us to estimate the hazards ratio of 

long-term nursing home placement as if the competing risk of death had never occurred. 

Since this method increases person-time without increasing the number of observed 

outcomes, subdistribution hazards ratios tend to be smaller than traditional Cox proportional 

hazards ratios. We included the same covariates in the subdistribution models as in the 

traditional Cox models.

In sensitivity analyses we changed the cut-point of slow gait speed from 1.0 m/s to 0.8 m/s 

and fit traditional Cox and subdistribution models as described above.

RESULTS

Sample characteristics

At baseline, the mean age of participants was 76.3 (SD=4.7) years and 9.7% were African 

American. Mean gait speed was 0.96 (SD=0.23) m/s and 54.7% of participants were slow 

walkers (i.e., mean gait speed < 1.0 m/s). Slow walkers were more likely to be African-

American, older, and have more cognitive impairment than fast walkers. Over the follow-up 

period, 881 participants (23%) became long-term nursing home residents.

The informative censoring groups for long-term nursing home residence included 1,013 

participants who died prior to this outcome and 1,861 who were censored due to 

disenrollment from Medicare, request to terminate from SOF, or the end of follow-up. 

Participants who experienced long-term residence had significantly slower gait speed 

compared to those who were censored, but not compared to those who died. Those who 

experienced long-term residence were also older, had a lower BMI and were less likely to be 

married than those who died and those who were censored (Table 1).

Gait speed and incident long-term nursing home residence

Slow walkers were more likely to become long-term nursing home residents than faster 

walkers (29% versus 17%) and also more likely to die prior to the outcome (31% versus 

22%). In both unadjusted and adjusted Cox-proportional hazards models, slow walkers were 

more likely than faster walkers to become long-term residents (HR= 2.35, 95% CI: 2.04, 

2.71, and aHR= 1.79, 95% CI: 1.54, 2.09) (Table 2).

In adjusted subdistribution models, risk of long-term nursing home residence among slow 

walkers was attenuated but remained statistically significant (HR= 1.52, 95% CI: 1.30, 1.77) 

(Table 2).

Sensitivity analyses

When using a stricter cut point of 0.8 m/s for slow gait speed, unadjusted and adjusted Cox 

proportional hazards models resulted in a slightly stronger association between gait speed 

and long-term nursing home residence (HR= 2.75, 95% CI: 2.38, 3017; aHR= 1.97, 95% CI: 
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1.68, 2.31). The adjusted subdistribution models showed little difference between the two 

gait speed cut-points (aHR= 1.53, 95% CI: 1.30, 1.81).

DISCUSSION

In this study of community-dwelling older women followed for up to 18 years we observed 

an increased risk of long-term nursing home residence among slow walkers compared to 

faster walkers. This relationship remained statistically significant but was slightly attenuated 

when accounting for mortality as a competing risk. That is, accounting for death as an 

informative censoring event resulted in a smaller estimated effect of gait speed on the risk of 

long-term nursing home placement. Differences between the traditional proportional hazards 

and the subdistribution models confirm previous research that suggests that death should be 

considered an informative censoring event in time-to-event analyses performed on older 

populations 5,7.

Our results are consistent with previous studies of the associations between physical 

function, measured by self-reported limitations in activities of daily living 7, a performance 

summary score 1, and gait speed, 4,6 and nursing home admission. These studies were either 

conducted over shorter follow-up periods 1,6 or on smaller samples 4, and none distinguished 

long-term custodial care from rehabilitation stays. Only one evaluated mortality as a 

competing risk 7, but used self-reported measures of both physical function and nursing 

home stays. We believe that ours is the first study to evaluate the association between gait 

speed, an objective measure of physical function, and long-term nursing home placement 

while controlling for death as a competing risk.

Gait speed is in essence a summary measure that incorporates a variety of health and 

physical function components, including motor control 21, muscle strength 22,23 and 

musculoskeletal condition 24. Gait speed predicts traits not related to physical capabilities, 

such as cognitive function 25,26. As such, it is a measure of general health that distinguishes 

between biologically and chronologically old individuals 27 and is a component of clinical 

frailty 28. These relationships suggest that gait speed is a marker on the pathway to 

functional and cognitive dependence that increase the risk of institutionalization.

There are several limitations to the current study. The SOF sample included only women. In 

addition, we did not capture claims data for patients enrolled in Medicare Part C (HMO) 

plans, so results may not be generalizable to older adults with these health plans. However, it 

is unlikely that the biological mechanisms that underlie the association between gait speed 

and nursing home residence vary by gender or insurance group.

Nevertheless, this study had several strengths. Our sample was large with a long follow-up 

period allowing us to capture a large number of events. Since all data except for the study 

outcomes were from a longitudinal epidemiologic study, we were able to control for 

important covariables such as BMI and MMSE, which would not be possible if we relied 

only on administrative data. Gait speed itself is valid and reliable; it is an objective measure 

of function, can be performed at the clinic or in the home, and is easily administered 29,30.
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This study applied a relatively new technique to appropriately account for death in a 

longitudinal study of nursing home residence and found that although the association was 

attenuated, slow walking speed remained a significant risk factor for long-term nursing 

home residence. Due to the financial costs to individuals and national programs, delaying or 

eliminating long-term nursing home stays should be a priority for clinicians and policy 

makers. Failure to use competing risk analyses, however, may overstate the financial burden 

of gait speed on long-term nursing home residence since gait speed is also associated with 

death before nursing home placement. These results highlight the value of using gait speed 

as a diagnostic tool to identify older adults who may be at risk of long-term nursing home 

residence and for whom interventions to improve physical function may help to delay 

nursing home placement and/or prolong community-based care care.
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Figure 1. 
Flow Diagram of SOF-Medicare Linked Study Sample
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