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Background. The onset of disability in activities of daily living (ADLs) is considered a sentinel event in the life of an
older person, but recent evidence suggests that newly disabled elders have high rates of recovery. We performed
a longitudinal study to determine the burden and patterns of ADL disability among previously nondisabled, community-
living older persons.

Methods. We studied 754 community-living persons, aged 70 years or older, who were categorized into three groups
according to their risk for disability (low, intermediate, high). Participants were interviewed each month for 2 years to
determine the presence and severity of disability in four key ADLs: bathing, dressing, walking, or transferring.

Results. Among the 690 nondecedents, the rates of any disability were 17.7%, 48.7%, and 65.2%, respectively, for the
low-, intermediate-, and high-risk groups. Whereas only 6.9% of nondecedents in the low-risk group had more than 1
month of disability, 38.2% and 50.6% of nondecedents in the intermediate- and high-risk groups (i.e., physically frail),
respectively, had multiple months and/or episodes of disability. The patterns of disability were quite diverse, with no
single pattern representing the disability experience of more than half the decedents or nondecedents in any of the risk
groups.

Conclusions. Disability among community-living older persons, particularly those who are physically frail, is a highly
dynamic process with considerable diversity. Our results provide strong evidence to support an emerging paradigm of

disability as a reversible, and often recurrent, event.

HE onset of disability in activities of daily living

(ADLs) is considered a sentinel event in the life of an
older person. ADL disability is associated with increased
mortality (1) and often leads to additional adverse outcomes
(2—4). Our current understanding of the disabling process is
based largely on the results of longitudinal studies that have
had long intervals between assessments of ADL function,
ranging from 6 months to 6 years (2,5-14). In a recently
completed study that included monthly assessments of
ADL function (15), Gill and colleagues demonstrated
that the occurrence of disability is substantially under-
estimated by longitudinal studies with long assessment
intervals. The primary source of this underestimation was
the high rate of recovery among newly disabled older
persons. These results suggested that disability for many
older persons is a reversible event, more similar to falls and
delirium than to progressive disorders such as Alzheimer’s
disease.

Given the apparent dynamic nature of disability, further
investigation is warranted to better characterize the
epidemiology of disability among older persons (16). In
the current study, we set out to determine the burden and
patterns of ADL disability among previously nondisabled,
community-living older persons over a 2-year period. We
used data from a prospective cohort study, with nearly
complete ascertainment of functional status each month, to
characterize ADL disability along five major axes: quantity,
duration and number of episodes, severity, and patterns.
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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) in four key ADLs—
bathing, dressing, walking inside the house, and transferring
from a chair. The assembly of the cohort, which took place
between March 1998 and October 1999, has been described
previously in detail (17). Participants were enrolled in
a 4:2:1 ratio for low, intermediate, and high risk for ADL
disability, using a model developed and validated in an
earlier study (18). Participants in the intermediate- and high-
risk groups were physically frail based on objective testing
of gait speed (8,17,19).

The participation rate was 75.2%. Persons who refused to
participate did not differ significantly from those who were
enrolled in terms of age or sex.

Data Collection

Baseline data were collected on demographic character-
istics, cognitive status (20), and 13 self-reported, physi-
cian-diagnosed chronic conditions (17). Complete details
regarding the follow-up assessments, including formal tests
of reliability and accuracy, have previously been provided
(15). During monthly telephone interviews, participants were
assessed for ADL disability using standard questions that
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were identical to those used during the screening telephone
interview. For each of the four key ADLs, we asked, ‘At the
present time, do you need help from another person to
(complete the task)?”” Participants who needed help with
a specific task were considered to be disabled in that ADL.
Participants were not asked about eating, toileting, or
grooming. The incidence of disability in these three ADLs
is low among nondisabled, community-living older persons
(8,21). Furthermore, it is highly uncommon for disability to
develop in these ADLs without concurrent disability in
bathing, dressing, walking, or transferring (8,21,22).

Over the 2-year follow-up period, data on ADL disability
were available for 97.5% of the 17,401 scheduled monthly
telephone interviews. Deaths were ascertained by review of
the local obituaries and/or from an informant during
a subsequent telephone interview.

Statistical Analysis

ADL disability was characterized along five major axes:
quantity, number and duration of episodes, severity, and
patterns. The two indicators of quantity were the number of
participants with at least 1 month of ADL disability during
the follow-up period and the mean number of months
disabled. Duration was measured as the number of
consecutive months of ADL disability per disability
episode. An episode of disability had to be preceded and
followed by a month with no disability except in the case of
death and at the end of the 2-year follow-up period. The two
indicators of severity were the mean number of ADL tasks
disabled during months with disability and the number
of participants with at least 1 month of severe disability,
defined as the need for personal assistance in three or more
ADLs (23), during the follow-up period. For patterns,
participants were categorized into one of seven distinct
disability groups based on the quantity of disability, number
and duration of disability episodes, and severity of
disability. In addition, Kaplan-Meier survival curves (24)
were used to examine temporal patterns for any ADL
disability and for three alternative disability outcomes that
have been included in prior epidemiologic studies: persistent
disability, defined as a new disability that was present for
at least two consecutive months (15); chronic disability,
defined as a new disability that was present for at least three
consecutive months (25); and severe disability, as pre-
viously defined.

For the small number of months (2.5%) during which
data on ADL disability were unavailable, we imputed values
using a nonparametric model (26). Months with missing
ADL data were matched to nonmissing months using the
following variables: decedent status, risk group, sex, mean
number of months disabled, 6-month interval within the
follow-up period, and ADL function in the adjacent months.
When there was no match, these variables were dropped in
reverse order. Imputed values were provided from samples
drawn with replacement from the available donor observa-
tions. Single imputation was justified because the amount of
missing data was small (i.e., less than 5% of observations)
(27). Our results did not change substantively when the
analyses were repeated using multiple imputation with three
random draws per missing observation.

Because disability data for decedents were not available
for the entire 2-year follow-up period, all results are reported
separately for decedents and nondecedents, with the excep-
tion of the survival curves. To account for the strati-
fied sampling strategy, all results were further categorized
by risk group. Spearman rank correlations were used to
estimate trends across risk groups. For pair-wise com-
parisons, the chi-square test of homogeneity was used for
dichotomous variables, and the Wilcoxon rank sum test was
used for continuous variables. The log-rank test was used
for comparisons of the survival curves. All analyses were
performed using SAS version 8.2 (Cary, NC) (28) and R
version 1.4.1 (R Foundation, Vienna, Austria) (29).

REsuLTS

Of the 754 study participants, 64 (8.5%) died within the
2-year follow-up period. The baseline characteristics of the
nondecedents and decedents are provided in Table 1.

Information on the burden of ADL disability for the
nondecedents is provided in the second panel of Table 2.
The low-risk group had the lowest burden of disability for
each of the indicators except mean monthly severity, which
did not differ by risk group. Compared with nondecedents
in the intermediate-risk group, those in the high-risk group
were more likely to develop both disability (p = .009) and
severe disability (p = .05), but once disabled their burden
of disability was similar. Both the number and duration of
disability episodes suggest that the disability experiences
of the nondecedents, particularly those in the intermediate-
and high-risk groups, were highly fluid and diverse.

Table 1. Baseline Characteristics of Nondecedents and Decedents According to Risk for ADL Disability

Nondecedents Decedents

Low Risk Intermediate Risk High Risk Low Risk Intermediate High Risk
Characteristic (n = 402) (n = 199) (n = 89) (n = 30) Risk (n = 15) (n=19)
Age (y), mean 76.8 = 4.6 782 + 3.8 84.6 = 5.3 789 =+ 5.2 775 4.2 859 £ 5.0
Female, n (%) 245 (61.0) 149 (74.9) 62 (69.7) 15 (50.0) 6 (40.0) 10 (52.6)
White, n (%) 370 (92.0) 174 (87.4) 77 (86.5) 29 (96.7) 15 (100.0) 17 (89.5)
Education (y), mean 125 = 2.7 11.6 =+ 2.8 104 =29 125 £ 32 124 = 2.7 11.1 = 32
Lives alone, n (%) 137 (34.1) 94 (47.2) 44 (49.4) 11 (36.7) 6 (40.0) 6 (31.6)
Chronic conditions, mean 1.6 = 1.2 22+ 13 20+ 14 20 09 3.1 1.7 21+13
MMSE score, mean 27.1 =23 273 = 1.7 242 29 27.1 £ 2.7 273 =20 243 =32

Notes: All mean values are expressed * standard deviation. ADL = Activities of Daily Living; MMSE = Mini-Mental State Examination.
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Table 2. Burden of ADL Disability over 24 Months for Nondecedents and Decedents According to Risk for Disability

Nondecedents

Decedents™

Low Risk Intermediate

Indicator of Burden®

(n=402) Risk (n = 199)

High Risk Low Risk Intermediate High Risk
(n=1289) pValue! (=30 Risk(m=15 (=19 p Value*

All participants

At least 1 month of disability, n (%) 71 (17.7) 97 (48.7)
At least 1 month of severe disability, n (%) 20 (5.0) 34 (17.1)
Months disabled, mean 0.6 (2.2) 3.5(5.9)
Participants with at least 1 month of disability

Months disabled, mean 3.1 (4.5) 7.1 (6.8)
Disability episodes, mean 1.6 (1.1) 2.3 (1.4)
Duration of disability episodes in months, mean 2.3 (4.3) 34 4.1)
Monthly severity of disability, mean 1.7 (1.0) 1.5 (0.7)

58 (65.2) <001 19 (63.3) 10 (66.7) 15 (78.9) .28
24 (27.0) <001 13(433) 9 (60.0) 13 (68.4) .08
4562) <.001 1827 2937 34 (3.6) .06
69 (65 <.001 2929 44 38) 4335 .09
22 (1.5) 001 1508 1.5(0.7) 1.5 (0.5 .57
34@1) <.001 20(.8) 3.0(9) 32(34) .08
1.6 (0.8) 34 24 (12) 2609 26 (1.0) .51

Note: ADL = Activities of Daily Living.

*The median lengths of follow-up were 16, 11, and 12 months for the low-, intermediate-, and high-risk groups, respectively.

Standard deviations are included within parentheses for all mean values.

¥Test for trend across the low-, intermediate-, and high-risk groups, using Spearman rank correlation.

Nondecedents in the intermediate risk group, for example,
had an average of 2.3 disability episodes lasting an average
of 3.4 months, with moderate-to-large standard deviations
for both estimates. Among the 226 nondecedents with at
least 1 month of disability, 22.6% had two episodes of
disability and 28.3% had three or more episodes. Of the 465
disability episodes, moreover, 56.6% lasted only 1 month,
while 16.3%, 7.3%, and 19.8% lasted 2, 3, or 4 or more
months, respectively. The results in the second panel of
Table 3 further illustrate the fluidity and diversity of
disability experiences among the nondecedents as well as
the greater burden of disability in the intermediate- and
high-risk groups relative to the low-risk group. Whereas
only 6.9% of nondecedents in the low-risk group had more
than 1 month of disability, 38.2% and 50.6% of non-
decedents in the intermediate- and high-risk groups,
respectively, had multiple months and/or episodes of
disability, and 9.6% and 14.6% were disabled in at least
half of the months.

Information on the burden and patterns of ADL disability
for the decedents is provided in the third panels of Tables 2

and 3, respectively. The differences in burden across the
three risk groups were less pronounced for the decedents
than for the nondecedents. Furthermore, none of the
differences among the decedents achieved statistical signifi-
cance, in part because of small numbers. In each risk group,
the majority of decedents had at least 1 month of disability,
and a substantial proportion had at least 1 month of severe
disability. In logistic regression analyses, after adjusting for
risk group, decedents were more likely than nondecedents
to have developed any disability (p < .001) and severe
disability (p < .001). While the mean monthly severity of
disability did not differ by risk group, it was greater among
the decedents than the nondecedents (p < .001). In the
month prior to death, 43%, 67%, and 68% of decedents in
the low-, intermediate-, and high-risk groups were disabled,
respectively, and 30%, 53%, and 58% had severe disability.

Figure 1 provides the survival curves for the four
disability outcomes. For each outcome, the proportion of
participants without disability over the 2-year follow-up
period differed significantly by risk group. While unusual
among participants in the low-risk group, persistent, chronic,

Table 3. Patterns of ADL Disability over 24 Months for Nondecedents and Decedents According to Risk for Disability™

Nondecedents’ Decedents*
Low Risk Intermediate High Risk Low Risk Intermediate High Risk
Patterns (n = 402) Risk (n = 199) (n = 89) (n = 30) Risk (n = 15) (n=19)
No disability, % 82.3 51.3 34.8 36.7 333 21.1
Single month of disability
Involving only 1 ADL, % 6.7 8.5 11.2 10.0 .0 53
Involving 2 or more ADLs, % 4.0 2.0 3.4 16.7 6.7 10.5
Single episode of disability of at least 2 months, % 1.7 7.0 14.6 16.7 333 26.3
Two or more single months of disability, % 2.0 7.5 34 6.7 6.7 53
Other pattern, disability in less than half the months, % 3.2 14.1 18.0 10.0 13.3 26.3
Other pattern, disability in at least half the months, % 0 9.6 14.6 3.3 6.7 5.3

Note: ADL = Activities of Daily Living.

“The percentages in each column may not add up to 100 because of rounding.

"The p values for the chi-square test of independence were <.001 for the comparisons between the low- and intermediate-risk groups and the low- and high-
risk groups and .06 for the comparison between the intermediate- and high-risk groups.
¥The median lengths of follow-up were 16, 11, and 12 months for the low-, intermediate-, and high-risk groups, respectively. Statistical testing between risk

groups was not performed for the decedents because of the small cell sizes.
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Figure 1. Proportion of participants without disability for each of four
disability outcomes over the 2-year follow-up period using the Kaplan-Meier
estimation method. Differences among survival curves for the three risk groups
were established by the log-rank test.

and severe disability were all observed commonly among
participants in the intermediate- and high-risk groups.

DI1scuUssION

In this prospective cohort study, we found that disability
among community-living older persons, particularly those
who are physically frail (i.e., at intermediate or high risk for
disability), is a highly dynamic process with considerable
diversity. Our results provide strong evidence to support an
emerging paradigm of disability as a reversible, and often
recurrent, event.

Because our study included monthly assessments of ADL
function, we were able to characterize the burden and
patterns of disability with great precision. Over a 2-year
follow-up period, we found high rates of disability, even
among participants in the low-risk group. These rates, not
surprisingly, were substantially higher among decedents
than nondecedents. Among the nondecedents, disability in
the low-risk group usually lasted only 1 month and was un-

likely to recur. The burden of disability was considerably
greater among the nondecedents in the intermediate- and
high-risk groups, who often experienced multiple months
and/or episodes of disability. We also found that the patterns
of disability were quite diverse, with no single pattern
representing the disability experience of more than half the
decedents or nondecedents in any of the risk groups.

Evidence supporting the dynamic nature of disability has
emerged during the past decade with the availability of
multiple waves of data from longitudinal studies such as
the Established Populations for Epidemiologic Studies of
the Elderly, which included annual assessments for up to
9 years (30), the Longitudinal Study on Aging, which
included four biennial assessments (31,32), and the National
Long-Term Care Survey, which included five assessments
from 1982 to 1999 (33). Our study provides important new
information about the disabling process by demonstrating
that transitions into and out of disability are common over
the course of only 2 years. Many of these transitions would
likely go undetected by traditional surveys with long
assessment intervals. To illustrate this point, we have
provided the disability experiences of four nondecedents
from the intermediate-risk group in Table 4. None of these
participants was disabled at 12, 18, or 24 months, the
lengths of most assessment intervals in previous longitudi-
nal studies of disability (2,7-14). Hence, despite multiple
months and episodes of disability over the course of 2 years,
each of these persons would be considered nondisabled in
most traditional surveys. The clinical relevance of prior
episodes of disability is not known but will be the focus of
a subsequent analysis.

From a public health perspective, an important implica-
tion of our study is that newly disabled older persons are
likely to recover independent ADL function at rates far
exceeding those that have been previously reported.
Recovery rates of only 20% to 30% are based on longi-
tudinal studies with assessment intervals of 1 to 2 years
(1,2,34,35). Because functional status was assessed at such
widely spaced intervals, these studies underestimated not
only the occurrence of disability (15) but also the likeli-
hood of recovery.

A great strength of our study was the high follow-up rate,
with successful completion of 97.5% of the monthly
telephone interviews. The availability of data from monthly
assessments allowed us to evaluate a diverse array of
disability outcomes, including disability that persisted
beyond 1 month. With few exceptions (1,15,25), previous
community-based studies have not attempted to distinguish
short-term disability from persistent or chronic disability

Table 4. Disability Experiences Over 24 Months of Four Nondecedents in the Intermediate-Risk Group

Age Sex Pattern of Disability™ Number of Months Disabled Number of Disability Episodes
83 Female 021000001110001000000000 6 3
80 Male 010111101000000000100000 7 4
80 Female 110000100000022010000010 7 5
84 Female 003000000020000040122210 8 4

Note: ADLs = Activities of Daily Living.

*The string of numbers represents the number of ADLs disabled in each of the 24 months, starting with Month 1 and ending with Month 24.
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(36). These distinctions are likely to be important for several
reasons. First, the etiology of short-term disability may differ
from that of persistent or chronic disability (16). Second, the
costs of care, both monetary and nonmonetary, depend
greatly on the duration of disability. Third, short-term
disability may confer a lower risk of subsequent morbidity
and mortality than persistent or chronic disability. Finally,
the likelihood of recovery may diminish as the duration of
disability increases. While beyond the scope of the current
study, additional research is needed to identify the factors,
besides risk group, that predict the onset, progression, and
recovery from short- and long-term disability.

We found that decedents were more likely than non-
decedents to have developed any disability and severe
disability, regardless of risk group. Nonetheless, death was
not invariably preceded by disability. In fact, the majority of
decedents in the low-risk group and about one third of those
in the intermediate- and high-risk groups were not disabled
in the month prior to death. In contrast, Guralnik and
colleagues found that most decedents aged 75 years or older
were disabled in the year prior to death (37). Because the
number of decedents was small, our results should be
considered preliminary. In future studies, as the number of
decedents increase, we plan to more completely evaluate the
trajectory of disability prior to death.

We recognize potential limits to the validity of our
findings. First, although our disability assessment had
excellent reliability, it is possible that some of the disability
transitions represented measurement error rather than a true
change in functional status. Second, while the omission of
eating, toileting, and grooming from the monthly assess-
ments likely had little effect on the quantity and patterns
of disability or on the number and duration of disability
episodes, it may have led us to underestimate the severity of
disability. Third, by truncating episodes of disability that
persisted beyond the end of the follow-up period, we
underestimated the duration of disability among the non-
decedents. These underestimates would likely be greater for
the intermediate- and high-risk groups, which had rates of
disability at 24 months of 15.1% and 23.6%, respectively,
than for the low-risk group, which had a rate of disability at
24 months of only 2.2%.

In summary, our results provide strong evidence that
disability among community-living older persons, particu-
larly those who are physically frail, is a highly dynamic
process with considerable diversity. While providing hope
to older persons and to their families and providers
that disability is often reversible, these results present great
challenges to investigators who are striving to elucidate the
causal pathways of disability, and to policy makers who are
charged with planning for the health care needs of an aging
society.

ACKNOWLEDGMENTS

The work for this report was funded in part by grants from the Patrick
and Catherine Weldon Donaghue Medical Research Foundation and the
National Institute on Aging (RO1AG17560, K23AG00759). Dr. Gill is
a recipient of a midcareer award from the National Institute on Aging
(K24AG021507); during the course of this study, he was also a Paul

Beeson Physician Faculty Scholar in Aging Research and a Robert Wood
Johnson Foundation Generalist Physician Faculty Scholar.

We thank Denise Shepard, Bernice Hebert, Shirley Hannan, Andrea
Benjamin, Martha Oravetz, Alice Kossack, Barabara Foster, Shari Lani, and
Alice Van Wie for assistance with data collection; Wanda Carr, Geraldine
Hawthorne, and Dr. Evelyne Gahbauer for assistance with data entry and
management; Peter Charpentier for development of the participant tracking
system; and Joanne McGloin for leadership and advice as the Project
Director.

Address correspondence to: Thomas M. Gill, MD, Yale University
School of Medicine, Dorothy Adler Geriatric Assessment Center, 20 York
Street, New Haven, CT 06504. E-mail: gill@ynhh.org

REFERENCES

1. Manton KG. A longitudinal study of functional change and mortality in
the United States. J Gerontol Soc Sci. 1988;43:S153-S161.

2. Katz S, Branch LG, Branson MH, Papsidero JA, Beck JC, Greer DS.
Active life expectancy. N Engl J Med. 1983;309:1218-1224.

3. Coughlin TA, McBride TD, Perozek M, Liu K. Home care for the
disabled elderly: predictors and expected costs. Health Serv Res.
1992;27:453-479.

4. Kemper P. The use of formal and informal home care by the disabled
elderly. Health Serv Res. 1992;27:421-451.

5. Guralnik JM, Fried LP, Simonsick EM, Kasper JD, Lafferty ME, eds.
The Women’s Health and Aging Study: Health and Social Character-
istics of Older Women with Disability, 1995. Bethesda, MD: National
Institute on Aging; 1995. NIH Pub. No. 95-4009.

6. Strawbridge WJ, Kaplan GA, Camacho T, Cohen RD. The dynamics of
disability and functional change in an elderly cohort: results from the
Alameda County Study. J Am Geriatr Soc. 1992;40:799-806.

7. Beckett LA, Brock DB, Lemke JH, et al. Analysis of change in self-
reported physical function among older persons in four population
studies. Am J Epidemiol. 1996;143:766-778.

8. Gill TM, Williams CS, Tinetti ME. Assessing risk for the onset of
functional dependence among older adults: the role of physical
performance. J Am Geriatr Soc. 1995;43:603-609.

9. Chaves PH, Garrett ES, Fried LP. Predicting the risk of mobility
difficulty in older women with screening nomograms: the Women’s
Health and Aging Study II. Arch Intern Med. 2000;160:2525-2533.

10. Crimmins EM, Saito Y, Reynolds SL. Further evidence on recent trends
in the prevalence and incidence of disability among older Americans
from two sources: the LSOA and the NHIS. J Gerontol Soc Sci.
1997;52B:S59-S71.

11. Seeman TE, Bruce ML, McAvay GJ. Social network characteristics
and onset of ADL disability: MacArthur studies of successful aging.
J Gerontol Soc Sci. 1996;51B:S191-S200.

12. Vita AJ, Terry RB, Hubert HB, Fries JF. Aging, health risks, and
cumulative disability. N Engl J Med. 1998;338:1035-1041.

13. Clark DO, Stump TE, Hui SL. Predictors of mobility and basic ADL
difficulty among adults aged 70 years and older. J Aging Health.
1998;10:422-440.

14. Greiner PA, Snowdon DA, Schmitt FA. The loss of independence in
activities of daily living: the role of low normal cognitive function in
elderly nuns. Am J Public Health. 1996;86:62—66.

15. Gill TM, Hardy SE, Williams CS. Underestimation of disability among
community-living older persons. J Am Geriatr Soc. 2002;50:1492-1497.

16. Guralnik JM, Ferrucci L. Underestimation of disability occurrence in
epidemiological studies of the elderly: is research on disability still
alive? J Am Geriatr Soc. 2002;50:1599-1601.

17. Gill TM, Desai MM, Gahbauer EA, Holford TR, Williams CS.
Restricted activity among community-living older persons: incidence,
precipitants, and health care utilization. Ann Intern Med. 2001;
135:313-321.

18. Gill TM, Williams CS, Tinetti ME. The combined effects of baseline
vulnerability and acute hospital events on the development of
functional dependence among community-living older persons.
J Gerontol Med Sci. 1999;54A:M377-M383.

19. Guralnik JM, Ferrucci L, Pieper CF, et al. Lower extremity function and
subsequent disability: consistency across studies, predictive models, and

20z Iudy g1 uo 1sanb Aq 90FZ8S/0LIN/ L/8S/PIoIME/ABOIOJUCISBPaWOIG/ W00 dNO"olWBPEIE/:SAY WOy POPEojumod



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

BURDEN AND PATTERNS OF DISABILITY 75

value of gait speed alone compared with the short physical performance
battery. J Gerontol Med Sci. 2000;55A:M221-M231.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state.” A
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res. 1975;12:189-198.

Gill TM, Richardson ED, Tinetti ME. Evaluating the risk of
dependence in activities of daily living among community-living older
adults with mild to moderate cognitive impairment. J Gerontol Med Sci.
1995;50A:M235-M241.

Rodgers W, Miller B. A comparative analysis of ADL questions in
surveys of older people. J Gerontol Psychol Sci. 1997;52 Special
Issue:21-36.

Ferrucci L, Guralnik JM, Simonsick E, Salive ME, Corti C, Langlois J.
Progressive versus catastrophic disability: a longitudinal view
of the disablement process. J Gerontol Med Sci. 1996;51A:
M123-M130.

Kaplan EL, Meier PM. Nonparametric estimation from incomplete
observations. J Am Stat Soc. 1958;53:457—481.

Manton KG, Corder L, Stallard E. Chronic disability trends in elderly
United States populations: 1982-1994. Proc Natl Acad Sci USA.
1997;94:2593-2598.

Rubin DB, ed. Multiple imputation for nonresponse in surveys. New
York: John Wiley & Sons; 1987.

Schafer JL. Multiple imputation: a primer. Stat Methods Med Res.
1999;8:3-15.

SAS Software System [computer program]. Version 8.2. Cary, NC:
SAS Institute; 2000.

Thaka R, Gentleman R. R: A language for data analysis and graphics.
J Comput Graphical Stat. 1996;5:299-314.

30.

31.

32.

33.

34.

36.

37.

Mendes de Leon CF, Glass TA, Beckett LA, Seeman TE, Evans DA,
Berkman LF. Social networks and disability transitions across eight
intervals of yearly data in the New Haven EPESE. J Gerontol Soc Sci.
1999;54B:S162-S172.

Rudberg MA, Parzen MI, Leonard LA, Cassel CK. Functional
limitation pathways and transitions in community-dwelling older
persons. Gerontologist. 1996;36:430-440.

Anderson RT, James MK, Miller ME, Worley AS, Longino CF Jr. The
timing of change: patterns in transitions in functional status among
elderly persons. J Gerontol Soc Sci. 1998;53B:S17-S27.

Manton KG, Gu X. Changes in the prevalence of chronic disability in
the United States black and nonblack population above age 65 from
1982 to 1999. Proc Natl Acad Sci USA. 2001;98:6354-6359.

Mendes de Leon CF, Beckett LA, Fillenbaum GG, et al. Black-white
differences in risk of becoming disabled and recovering from disability
in old age: a longitudinal analysis of two EPESE populations. Am
J Epidemiol. 1997;145:488-497.

. Gill TM, Robison JT, Tinetti ME. Predictors of recovery in activities of

daily living among disabled older persons living in the community.
J Gen Intern Med. 1997;12:757-762.

Wiener JM, Hanley RJ, Clark R, Van Nostrand JF. Measuring the
activities of daily living: comparisons across national surveys.
J Gerontol Soc Sci. 1990;45:5229-S237.

Guralnik JM, LaCroix AZ, Branch LG, Kasl SV, Wallace RB.
Morbidity and disability in older persons in the years prior to death. Am
J Public Health. 1991;81:443-447.

Received June 21, 2002
Accepted July 22, 2002

20z Iudy g1 uo 1sanb Aq 90FZ8S/0LIN/ L/8S/PIoIME/ABOIOJUCISBPaWOIG/ W00 dNO"olWBPEIE/:SAY WOy POPEojumod



