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Abstract

Background/Objective—Whether changes in function provide useful prognostic information 

beyond that available from present function is uncertain. Our objective was to evaluate the 

prognostic effect of changes in physical function at different intervals over the prior year on 

subsequent outcomes after accounting for present function.

Design—Prospective longitudinal study.

Setting—Greater New Haven, Connecticut, from March 1998 to January 2006.

Participants—658 community-living persons, aged 71 years or older, who completed an 18-

month comprehensive assessment.

Measurements—Disability in 13 basic, instrumental and mobility activities was assessed at the 

18-month comprehensive assessment and at 12, 6, and 3 months prior to 18-months. Time to death 

and long-term nursing home admission, defined as ≥3 months, were ascertained for up to 5 years 

after 18-months.

Results—In the bivariate models, disability at 18-months and change in disability between 18-

months and each of the three-prior time-points (12, 6, and 3 months) were significantly associated 
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with time to death. The risk of death, for example, increased by 24% for each 1-point increase in 

18-month disability score (on a scale from 0 to 13) and by 22% for each 1-point change in 

disability score between 18-months and prior 12 months (on a scale from −13 to 13). In a set of 

multivariable models without and with covariates, the associations were maintained for 18-month 

disability but not for change in disability between 18-months and each of the three-prior time-

points. The results were comparable for time to long-term nursing home admission except that two 

of the associations did not achieve statistical significance.

Conclusion—When evaluating risk for adverse outcomes, such as death and long-term nursing 

home admission, an assessment of change in physical function at different intervals over the prior 

year, although a strong bivariate predictor, did not provide useful prognostic information beyond 

that available from the level of function at the present time.
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Among older persons, functional status is a powerful predictor of an array of adverse 

outcomes, including death,1, 2 long-term nursing home admission,3 use of formal and 

informal home services,4, 5 and hospital readmission.6 Based on these and other findings, 

functional status has become a core element of many prognostic indices.7–9 Careful 

consideration of prognosis is particularly important for clinical decision making in older 

patients given their high prevalence of competing chronic conditions and diminished life 

expectency.10

When formulating their prognostic estimates, clinicians often attempt to determine whether 

their older patients have experienced a decline in their functional status under the 

assumption that changes in physical function may provide useful prognostic information 

beyond that available from the level of function at the present time. If this assumption is 

correct, the inclusion of change in function could enhance the performance of prognostic 

indices for use by clinicians and investigators.

The objective of the current study was to evaluate the prognostic effect of changes in 

physical function at different intervals over the prior year on subsequent outcomes after 

accounting for present function. We used high quality data from a unique longitudinal study 

of community-living older persons that includes frequent assessments of functional status 

and ascertainment of two clinically relevant outcomes—death and long-term nursing home 

admission—over a 5-year period. The results of this study have the potential to inform 

prognostic estimates and, in turn, enhance clinical decision-making in older patients.

METHODS

Study Population

Participants were drawn from an ongoing longitudinal study of 754 community-living 

persons, aged≥70, who were initially nondisabled in basic activities of daily living.11, 12 

Potential participants were members of a large health plan and were excluded for significant 

cognitive impairment with no available proxy,13 life expectancy<12 months, plans to move 
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out of the area, or inability to speak English. Only 4.6% of persons refused screening, and 

75.2% of those eligible agreed to participate and were enrolled from March 1998 to October 

1999. The study was approved by the Yale Human Investigation Committee, and all 

participants provided informed consent.

Analytic Sample

The current analysis included community-living participants who completed the 18-month 

comprehensive assessment. Of the 754 participants, 27 (3.6%) refused to complete the 

assessment, 11 (1.5%) had incomplete disability data, 12 (1.6%) were no longer community-

living, and 46 (6.1%) had died, leaving 658 participants in the analytical sample. Compared 

with these participants, the 96 cohort members not included in the analytical sample were (at 

baseline) older (80.6 vs. 78.1 years, p<.001), had more chronic conditions (2.0 vs. 1.7, p=.

040), and were more likely to be physically frail (61.5% vs. 40.0%, p<.001) and cognitively 

impaired (18.8% vs. 10.3%, p=.015), as defined below. There were no significant baseline 

differences according to sex, race/ethnicity, living situation, or education.

Data Collection

The 18-month comprehensive assessment was completed in the home, while the monthly 

assessments were completed over the telephone. The research nurses who completed the 18-

month assessments were kept blinded to the results of the monthly assessments. The 

completion rate of the monthly interviews was 99%. When participants were unable to 

complete the monthly interviews (10.1% of observations), proxy data were obtained using a 

standard protocol.13 The accuracy of these proxy reports was high.13

Descriptive Characteristics/Covariates—During the comprehensive assessment, data 

were collected on demographic characteristics, nine self-reported, physician-diagnosed 

chronic conditions, body mass index, cognitive status,14 depressive symptoms,15 and 

physical frailty, based on slow gait speed.16

Disability Assessments—Complete details regarding the assessment of disability are 

provided elsewhere.12, 13, 17 Each month and during the comprehensive assessment, 

participants were asked, “At the present time, do you need help from another person to 

(complete the task)?” for each of four basic activities (bathing, dressing, walking, and 

transferring), five instrumental activities (shopping, housework, meal preparation, taking 

medications, and managing finances), and three mobility activities (walk 1/4 mile, climb 

flight of stairs, and lift/carry ten pounds). For these 12 activities, disability was 

operationalized as the need for personal assistance or unable to do the task. Participants were 

also asked about a fourth mobility activity, “Have you driven a car during the past month?” 

Participants who responded “No” were considered to be “disabled” in driving.17 To address 

the small amount of missing data on disability (1% of observations), multiple imputation 

was used with 100 random draws per missing observation.18

Outcomes—Deaths were ascertained by review of the local obituaries and/or from an 

informant during a monthly telephone interview. Information on long-term nursing home 

admissions was obtained primarily from Medicare claims, using the Minimum Data Set 
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(MDS) and Medicare Provider Analysis and Review (MedPAR) files.16 Based on start and 

end dates, a long-term admission was defined as greater than 100 days, the maximum 

duration of Medicare payment. To identify other long-term admissions (13.5% of outcomes), 

i.e. when Medicare claims were not available, we used information from the monthly 

interviews. Participants were asked whether they had been admitted to a nursing home 

during the prior month; if they had, the interviewer noted whether they were currently in a 

nursing home. The accuracy of this information was almost perfect (Kappa = 0.96).3 

Participants who were residents of a nursing home for four consecutive monthly interviews, 

corresponding to a minimal length of stay of 91 days, were classified as having a long-term 

admission, as previously described.3

Statistical Analysis

Change in disability was assessed between the 18-month comprehensive assessment and the 

prior 12, 6, and 3 months, respectively. These intervals were considered to be the most 

relevant clinically. The two outcomes included time to death and long-term nursing home 

admission, respectively, over a 5-year period subsequent to 18-months.

For time to death, we estimated three sets of Cox regression models. The bivariate models 

evaluated the disability score at 18-months and change in disability between 18-months and 

each of the three-prior time-points (12, 6, and 3 months). The second set of models 

evaluated the disability score at 18-months together with change in disability for each of the 

three time-points. The third set of models added a pre-specified list of covariates to the 

second set of models. To maintain a family-wise Type I error rate of 0.05 for hypothesis 

testing, the model-derived p-values were adjusted within each set of models for multiple 

comparisons using the Hochberg method.20 For time to long-term nursing home admission, 

we followed a similar set of procedures except that a competing risk model was used to 

account for potential bias due to death.21

The proportional hazards assumption and overall model fit were evaluated for all models. 

All analyses were conducted using the SAS version 9.4. An adjusted p-value<.05 was 

considered as statistically significant.

RESULTS

The characteristics of participants in the analytic sample are provided in Table 1. The top 

panel of Figure 1 shows the distribution of disability scores at 18-months and at 12, 6, and 3 

months prior to 18-months. Over the course of a year, the mean disability scores increased 

from 1.7 to 2.7. The distribution of changes in disability scores between 18-months and 12, 

6, and 3 months prior to 18-months is shown in the bottom panel of Figure 1. Although there 

was considerable variability at each time point, mean changes were largest at 12 months and 

comparable at 6 and 3 months. Of the 658 participants, 169 (25.7%) died over a median of 

31.6 months, while 104 (15.8%) had a long-term nursing home admission over a median of 

29.5 months.

The top panel of Table 2 provides the longitudinal associations between the disability scores 

and time to death over 5 years. In the bivariate models, disability at 18-months and change in 
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disability between 18-months and each of the three-prior time-points (12, 6, and 3 months) 

were significantly associated with time to death. The risk of death, for example, increased by 

24% for each 1-point increase in 18-month disability score (on a scale from 0 to 13) and by 

22% for each 1-point change in disability score between 18-months and prior 12 months (on 

a scale from −13 to 13). In each of the three multivariable models without covariates, the 

associations were maintained for 18-month disability but not for change in disability. The 

results were comparable for the multivariable models with covariates, although the hazard 

ratios were modestly diminished for 18-month disability. For 18-months alone, the adjusted 

hazard ratio (95% CI) was 1.21 (1.13, 1.30).

The bottom panel of Table 2 provides the corresponding associations for time to long-term 

nursing home admission. The results were generally comparable to those for time to death 

except that two of the associations did not achieve statistical significance: (1) change in 

disability between 18-months and prior 3 months in the bivariate model, and (2) 18-month 

disability in the multivariable model that included covariates and change in disability 

between 18-months and prior 6 months. Otherwise, in both sets of multivariable models, 18-

month disability was significantly associated with time to long-term nursing home 

admission, while change in disability was not. For 18-months alone, the adjusted hazard 

ratio (95% CI) was 1.12 (1.04, 1.20).

DISCUSSION

In this prospective longitudinal study of community-living older persons, we found that an 

assessment of change in physical function at different intervals over the prior year, although 

a strong bivariate predictor of adverse outcomes, did not provide useful prognostic 

information beyond that available from the level of function at the present time. These 

results suggest that a single assessment of functional status may sufficiently capture the 

physical domain of functioning, making an assessment of change unnecessary or even 

redundant.

Functional status is a powerful predictor of risk, largely because it reflects the cumulative 

impact of disease and physiologic changes over time. By integrating decrements across 

different organ systems, functional status provides clinicians with a single patient-centered 

measure that conveys substantial prognostic information. When assessing physical function, 

the results of the current study suggest that it is more important to determine where a patient 

is, rather than where she has been. By obviating the need to assess changes in function over 

time, our results should simplify prognostic estimates and, in turn, facilitate clinical 

decision-making in older patients.

In bivariate analysis, we found that changes in disability over the course of 3 to 12 months 

were significantly associated with time to death and long-term nursing home admission with 

only one exception. These associations were greatly diminished, however, after accounting 

for disability at the present time. In contrast, disability at the present time remained strongly 

associated with both outcomes in models that included change in disability and a 

comprehensive set of covariates.
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To our knowledge, relatively few prior studies have evaluated the independent effect of 

changes in physical function over time. Our findings are consistent with those of an earlier 

study that evaluated the effect of change in physical performance on the risk of disability in 

activities of daily living.22 For each of three timed tests, nondisabled older persons who had 

a large decline in physical performance over one year were significantly more likely to 

develop disability at three years than those who improved or showed no change. After 

adjusting for 1-year scores, however, change in physical performance was no longer 

associated with the risk of disability. Similar findings were subsequently reported using data 

from the InCHIANTI Study.23

Our study has several strengths, including assessment of a comprehensive set of basic, 

instrumental, and mobility activities, consistency of results for changes in function over 

three different periods of time, and an analytic plan that adjusted for multiple statistical 

comparisons and accounted for potential bias due to death for the outcome of long-term 

nursing home admission. Our results should be interpreted, however, in the context of 

potential limitations. Outcomes were limited to time to death and long-term nursing home 

admission over 5 years. These are two of the most clinically relevant outcomes for older 

persons. The consistency of our results, moreover, suggest that they likely apply to other 

distal outcomes. Because study participants were members of a single health plan in a small 

urban area, the results may not be generalizable to older persons in other settings. Although 

the demographic characteristics of the cohort reflect those of older persons in New Haven 

County, Connecticut, which are similar to the characteristics of the US population as a 

whole, with the exception of race and ethnic group,24 our results should be confirmed in 

other studies.

In summary, when evaluating risk for adverse outcomes, an assessment of change in 

physical function at different intervals over the prior year, although a strong bivariate 

predictor, may not provide useful prognostic information beyond that available from the 

level of function at the present time.
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Figure 1. 
Distribution of disability scores at 18-months (denoted as “0”) and at 12, 6, and 3 months 

prior to 18-months (top panel) and changes in disability scores between 18-months and 12, 

6, and 3 months prior to 18-months (bottom panel). Positive change scores denote worsening 

disability. The schematic diagram provides descriptive labels for the relevant components of 

the box plots. For the top panel, the values for minimum and 25th percentile are equivalent.
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Table 1

Characteristics of the Analytic Sample at 18 Months

Characteristic N=658

Age in years, mean (SD) 79.6 (5.1)

Female sex, n (%) 429 (65.2)

Non-Hispanic white, n (%) 596 (90.6)

Education in years, mean (SD) 12.0 (2.8)

Living alone, n (%) 274 (41.6)

Number of chronic conditions,a mean (SD) 1.9 (1.3)

Body mass index,b n (%)

 Normal/underweight 267 (40.6)

 Overweight 241 (36.6)

 Obese 150 (22.8)

Cognitive impairment,c n (%) 93 (14.1)

Depressive symptoms,d n (%) 112 (17.0)

Physically frail,e n (%) 274 (41.6)

Number of disabilities,f mean (SD) 2.7 (2.8)

Abbreviation: SD, standard deviation.

a
Included hypertension, myocardial infarction, congestive heart failure, stroke, diabetes mellitus, arthritis, hip fracture, chronic lung disease, and 

cancer.

b
Categorized into three groups based on published cut-points (<25, 25.0–29.9, and ≥30 kg/m2, respectively),25 as previously described.3

c
Defined as score less than 24 on Folstein Mini-Mental State Examination.

d
Defined as score of 20 or greater on Center for Epidemiological Studies-Depression Scale.

e
Based on slow walking speed as described in the Methods.

f
Of 13 possible: 4 basic, 5 instrumental, and 4 mobility.

J Am Geriatr Soc. Author manuscript; available in PMC 2019 August 01.
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