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Background. A short battery of physical performance tests was used to assess lower extremity function in more than
5,000 persons age 71 years and older in three communities.

Methods. Balance, gait. strength, and endurance were evaluated by examining ability to stand with the feet together in
the side-by-side, semi-tandem, and tandem positions. time to walk 8 feet. and time to rise from a chair and return to the
seated position 5 times.

Results. A wide distribution of performance was observed for each test. Each test and a summary performance scale.
created by summing categorical rankings of performance on each test. were strongly associated with self-report of
disability. Both self-report items and performance tests were independent predictors of short-term mortality and nursing
home admission in multivariate analyses. However, evidence is presented that the performance tests provide information
not available from self-report items. Of particular impornance is the finding that in those at the high end of the functional
spectrum, who reported almost no disability, the performance test scores distinguished a gradient of risk for mortality and
nursing home admission. Additionally, within subgroups with identical self-report profiles, there were systematic
differences in physical performance related to age and sex.

Conclusion. This study provides evidence that performance measures can validly characterize older persons across a
broad spectrum of lower extremity function. Performance and self-report measures may complement each other in

providing useful information about functional status.

THE assessment of physical functioning and disability is a
critical component in the evaluation of older persons in
both clinical and research settings. Although measures of
self- and proxy-reported functioning have proved extremely
valuable, standardized tests of physical performance have
been employed with increasing frequency in recent years
(1-9). These physical performance measures may offer ad-
vantages over self-report measures in terms of validity,
reproducibility, sensitivity to change, applicability to cross-
national and cross-cultural studies, and the ability to charac-
terize high levels of function, although much methodologic
work remains to be done in this area (1). Understanding the
relationship between self-report and performance-based
measures is an important aspect of this issue.

The purpose of this report is to investigate the association

of self-report and performance-based measures of lower
extremity functioning. We present findings from a short
battery of performance tests of lower extremity functioning
found to be efficient, practical, and safe in three large
cohorts of older persons. These tests were administered by
single interviewers in the homes of more than 5,000 older
persons in about 10 minutes. The association between self-
report and performance measures will be shown, followed
by analyses addressing the advantages of the performance
measures in more finely classifying levels of functioning and
in classifying persons not only at the disabled end of the

- functional spectrum but along the entire spectrum of func-

tioning. Finally, the relative contributions of the self-report
and performance measures in predicting death and nursing
home admission will be demonstrated.
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METHODS

Study populations. — Data for this report are from older
adults in the original three communities of the Established
Populations for Epidemiologic Studies of the Elderly
(EPESE), a collaborative longitudinal study of aging initiated
and funded by the Epidemiology, Demography, and Biometry
Program of the National Institute on Aging. Baseline house-
hold interviews, conducted between 1981 and 1983, obtained
information on demographic characteristics, medical history,
the use of prescription and nonprescription drugs, health
behaviors, and functional status. These interviews were
sought from all people aged 65 and older living in the
community in East Boston, Massachusetts, and lowa and
Washington counties in rural Iowa, and a stratified random
sample in New Haven, Connecticut. In the three communi-
ties, between 80 and 85% of those eligible participated in the
baseline interview. The details of the methods used in the
baseline surveys have been described previously (10).

At the sixth annual follow-up, conducted in 1988 and
1989, information on health, functional status, and medical
care utilization was ascertained in a home interview. Perfor-
mance measures of functioning were added to the protocol at
that time. During the 6 years of follow-up, between 26.2 and
35.3% of participants died at the three sites. Of those not
known to have died, follow-up six assessments were con-
ducted by personal or proxy interview on between 91.5 and
94.0% of persons who participated in the baseline interview
(6,563/7,093 at all sites, 2,345/2,563 in East Boston, 2.547/
2,711 in lowa, and 1,671/1,819 in New Haven). Among
these persons, 491 resided in a nursing home; 792 lived at
home but required a proxy informant and were not adminis-
tered the performance measures uniformly across sites: and
106 had a telephone interview. Thus, there were a total of
5,174 persons at all sites who were living at home and able to
respond personally to the sixth follow-up interview (East
Boston, 1,800: Iowa, 2,101; New Haven, 1,273). Of this
group, less than 1.5% in East Boston, 0.2% in Iowa, and
3.7% in New Haven refused to participate in one or more of
the performance measures. The proportion of persons unable
to complete a task or who did not attempt it because they or
the interviewer felt the task was potentially unsafe varied
according to the performance measure. No injuries resulted
from the administration of the performance tests.

Mortality was ascertained at all three sites through the end
of 1989 through review of local obituary notices and linkage
with the National Death Index. Nursing home admissions
were ascertained in Jowa through 1990 by periodic visits to
all area nursing homes.

Physical performance measures. — Performance mea-
sures for this study were adapted from previously used
measures (3,11-14), with the consideration that the assess-
ments would be administered by a single lay interviewer in a
home setting with limited unobstructed $pace. Interviewers
were specially trained in the administration of the perfor-
mance measures used in the study. To ensure uniformity of
administration, a videotape was produced; it provided de-
tailed instructions for administering and scoring the tests, as
well as instructions on maintaining the safety of the subjects.

Total time for a single interviewer to perform these tests in
the home ranged from 10 to 15 minutes.

Tests of standing balance included tandem, semi-tandem,
and side-by-side stands. For each stand, the interviewer first
demonstrated the task, then supported.gne arm while partici-
pants positioned their feet, asked if they were ready, then
released the support and began timing. The timing was
stopped when participants moved their feet or grasped the
interviewer for support, or when 10 seconds had elapsed.
Each participant began with the semi-tandem stand, in which
the heel of one foot was placed to the side of the first toe of
the other foot, with the participant choosing which foot to
place forward. Those unable to hold the semi-tandem posi-
tion for 10 seconds were evaluated with the feet in the side-
by-side position. Those able to maintain the semi-tandem
position for 10 seconds were further evaluated with the feet

"in full tandem position, with the heel of one foot directly in

front of the toes of the other foot.

To test walking speed, an 8-foot walking course, with no
obstructions for an additional 2 feet at either end, was
denoted by placing a rigid 8-foot carpenter’s rule to the side
of the course. Participants were instructed to **walk to the
other end of the course at your usual speed, just as if you
were walking down the street to go to the store.”” Partici-
pants could use assistive devices if needed, and each partici-
pant was timed for two walks. The faster of the two is used
for analyses here.

To test the ability to rise from a chair (termed the chair
stand), a straight-backed chair was placed next to a wall;
participants were asked to fold their arms across their chest
and to stand up from the chair one time. If successful,
participants were asked to stand up and sit down five times as
quickly as possible, and were timed from the initial sitting
position to the final standing position at the end of the fifth
stand.

Categories of performance were created for each set of
performance measures to permit analyses that included those
unable to perform a task. For the 8-foot walk and repeated
chair stands, those who could not complete the task were
assigned a score of 0. Those completing the task were
assigned scores of 1 to 4, corresponding to the quartiles of
time needed to complete the task, with the fastest times
scored as 4. The three tests of standing balance were consid-
ered as hierarchical in difficulty in assigning a single score of
0 to 4 for standing balance (Table 1). A summary perfor-
mance scale was created by summing the category scores for
the walking, chair stand, and balance tests.

Self-reported physical functioning. — Activities of daily
living (ADLs) used in these analyses were limited to those
that require lower extremity function as a major component.
Participants were classified as having a disability in ADLs if
they needed help from a person or were unable to perform
one or more of the following activities: walking across a
small room, bathing, transferring from bed to chair, or using
the toilet (15,16). To assess higher level mobility, partici-
pants were asked if they were able to walk up and down stairs
to the second floor and walk a half mile without help (17).

Statistical analysis. — The reliability of the summary
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Table 1. Categories of Performance in Tests of Standing Balance

Side-by- Semi-tandem Full Tandem
. Side Stand Stand Stand
Category (seconds) (seconds) (seconds) n Percent
0 0-9 <10 - 436 9.5%
Tried but Tried but
unable unable
Not attempted Not attempted
1 10 0-9 - 738 14.5
Tried but
unable
Not attempted
2 - 10 0-2 662 13.0
Tried but
unable
Not attempted
3 - 10 3-9 703 13.8
4 - 10 10 2513 49.2
Total 5104 100.0

performance scale was assessed, in terms of internal consist-
ency, by computing Cronbach'’s alpha (18). The independent
associations of age, sex, and self-reported functioning with
score on the summary performance scale were evaluated
using a multiple linear regression model. Rates of mortality
and nursing home admission were calculated for each possi-
ble score on the summary performance scale. Mortality
surveillance continued through the end of 1989; nursing
home surveillance continued through the end of 1990. Be-
cause follow-up 6 assessments were performed over an 18-
month period in [988-1989, length of follow-up varied
considerably. Thus, rates were calculated per person year of
follow-up and were age- and sex-adjusted using the direct
method, with the total population serving as the standard
population. The independent associations of self-report and
performance measures of function with mortality and nurs-
ing home admission were evaluated using Cox proportional
hazards regression models, with time of follow-up consid-
ered as the time from functional assessment to death or the
end of 1989, whichever came first (for mortality analyses),
and the time from functional assessment to first nursing
home admission, death, or the end of 1990, whichever came
first (for the Iowa nursing home admission analyses). Over-
all estimates of relative risk were calculated from propor-
tional hazards models stratified by community, using the
BLOCK option of the SAS PHGLM procedure to obtain
summary estimates across the communities (19).

RESULTS

Figures 1 and 2 show the distribution of times for the 8-
foot walk and the repeat chair stands and the proportion
unable to complete these tasks by age group and sex. Mean
and median times for women were significantly longer than
for men in both age groups for both of these tasks, and a
greater proportion of women was unable to complete the
tasks. Of note, however, is the large amount of overlap
between men and women and between the two age groups.
The cutpoints used to classify categories of performance are

depicted in Figures | and 2. Table 1 shows the distribution of
scores for the five categories assigned to performance on the
tests of standing balance. Just under 10% were unable to
hold the side-by-side position for 10 seconds and were
assigned category 0. Nearly half of participants were able to
maintain a full tandem stand for 10 seconds and were
assigned category 4. Cutpoints were selected on the full
tandemn stand so that categories 2 and 3 had about equal
numbers of persons in each.

For reference purposes, distributions of performance on
each test are provided for age and sex subgroups in Appen-
dix Tables Al to A3. For the 8-foot walk and the repeat
chair stands, percent unable, and mean time and percentile
distributions of time for those able to complete the task are
shown. Cutpoints for the classification into categories of
performance are also included.

Scores on the three performance tasks were significantly
correlated. Spearman correlation coefficients for the cate-
gorical scores were: walking and chair stands, 0.48; walking
and standing balance, 0.39; chair stands and standing bal-
ance, 0.39 (all significant at p < .001). The summary
performance scale, created by summing the category scores
on the three individual performance tests. ranged from 0 to
12, with a mean of 7.12, a median of 8, and an interquartile
range of 5 (difference between 25th and 75th percentile).
The internal consistency of this scale, assessed as Cron-
bach’s alpha, was 0.76.

Table 2 shows the percentage of persons reporting disabil-
ity in ADLs, walking one-half mile, and climbing stairs
according to categories on the performance tests. Increas-
ingly better performance on the timed walk, chair stands,
and tests of standing balance was associated with a very clear
stepwise decrease in the proportion reporting disability.
Extremely high rates of disability were reported by those in
category 0 and extremely low rates by those in category 4.
The summary performance score also showed a very strong
association with measures of self-reported disability (Table
3). The associations shown in Tables 2 and 3 were very
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Figure 1. Distribution of times to walk 8 feet according to age group and sex.
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Figure 2. Distribution of times to complete five chair stands according to age group and sex.
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Table 2. Percent of Persons Reporting Need for Help in ADLs,
Walking 1/2 Mile, and Climbing Stairs According to
Performance Test Categories; All Sites Combined

Table 3. Percent of Persons Reporting Need for Help in ADLs,
Walking 1/2 Mile, and Climbing Stairs According o
Performance Summary Measure; All Sites Combined

Performance Walking 172 Climbing
Test Score ADLs* . Mile Stairs
Walk
0 51.4 86.6 . 64.7
1 15.2 61.3 313
2 3.2 325 8.2
3 1.2 17.2 3.5
4 0.7 7.0 1.1
Chair stands
0 25.9 73.6 425
1 5.2 39.4 1.2
2 2.2 21.4 6.8
3 0.8 12.8 3.0
4 0.6 10.7 1.7
Standing balance
0 42.0 86.0 59.8
1 11.5 57.2 25.7
2 4.2 355 12.1
3 2.4 26.9 6.6
4 1.6 15.5 35

*Need help in one or more of the following: Walking, transferring.
bathing, using the toilet.

consistent across the three individual sites (results not
shown).

To further assess the association of self-report and perfor-
mance measures, multiple linear regression analyses were
performed that included age categories, sex, and self-report
items as independent variables and the summary perfor-
mance score as the dependent variable (Table 4). In Model I,
self-report measures alone explained 42% of the variance in
the summary performance score. In Model II. adding age
and sex increased the proportion of the variance explained to
46%. Of particular importance in interpreting the results of
Model II is that, even after controlling for self-report of
disability, both age and sex were associated with perfor-
mance. The indicator variables for age show that. after
adjustment for self-reported disability, each higher age
group scored lower on the summary performance scale. For
example, after adjusting for self-report. those age 75 to 79
years scored 0.47 points lower on the summary performance
scale than the reference group, those age 71 to 74 years.
Those age 90 and older scored 2.11 points lower than the
reference group, after adjustment for self-report.

This is illustrated graphically in Figure 3, which shows
actual mean summary performance scores according to age
and sex for (a) those with no self-reported disability on the
items considered here and (b) for those reporting the need for
help only in walking one-half mile. For both these subgroups
of participants there is a clear decline in summary perfor-
mance score with age. In those reporting no disability,
women have mean summary performance scores about one-
half point lower than men at all ages (Figure 3a). The
difference between men and women is inconsistent for those
reporting the need for help only in walking one-half mile
(Figure 3b). Other subgroups defined by self-report were too

Performance —

Test Summary Walking 1/2 Climbing

Score ADLs* Mile Stairs

0 56.4 91.3 70.8

I 39.5 91.4 66.9

2 21.1 82.1 40.8

3 15.5 66.8 30.2

4 7.4 57.3 21.6

5 49 48.4 15.5

6 3.2 36.4 9.3

7 3.3 27.1 6.7

8 1.2 17.2 3.8

9 1.4 15.3 1.9

10 0.5 9.4 2.4

11 0.2 6.8 0.2

12 0.0 3.7 0.9

*Need help in one or more of theyfollowing: Walking, transferring.
bathing, using the toilet. '

small to yield stable estimates for the 5 age groups of men
and women and are not shown.

Although the proportion of the variance in the summary
performance score explained by the self-report measures used
here is quite high, there is still a substantial amount of
variability in performance that remains unexplained. This is
illustrated graphically in Figure 4. which shows the distribu-
tion of summary performance scores for three groups defined
by self-reported disability: (a) ADL and mobility disability:
(b) no ADL disability but mobility disability; (¢) no ADL or
mobility disability. In this categorization. mobility disability
is defined as needing help in walking one-half mile. climbing
stairs, or both. This classification scheme is a hierarchical or
Guttman scale in that there were very few participants report-
ing ADL disability who did not also report mobility disability.
These participants (< 1% of the sample) were not included in
this analysis. The distributions for the three groups defined by
self-report are very different, yet there is a great deal of
overlap. A small proportion of participants in the group with
the greatest degree of self-reported disability had performance
scores that were higher than some members of the group
reporting no disability. Summary performance scores for the
middle-disability group are spread across the entire spec-
trum.

Finally, the relative ability of self-report and performance
measures to predict adverse outcomes was evaluated for
mortality and nursing home admission. Of the 5,174 persons
from the three sites considered in these analyses, 300 (5.8%)
died between the follow-up 6 assessment and the end of 1989.
Average length of follow-up to death or the end of 1989 was
1.39 years. Figure 5a shows a stepwise decline in the age- and
sex-adjusted mortality rate with increasing score on the sum-
mary performance scale. The associations of age, self-re-
ported disability, and summary performance score with death,
as demonstrated using proportional hazards models, are
shown for men and women in Table 5. In Model I, self-
reported disabilities in ADLs and walking one-half mile are
significant predictors of death in men. and disability in walk-
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Table 4. Multiple Linear Regression Model Showing Association of Age, Sex,
and Self-Reported Disability with Summary Performance Scale

Model I Model I1
B SE g T SE
Independent Variable Coefficient of B Coefficient of B
Intercept 8.1 0.04 9.73* 0.13
Age 75-79% ' —0.47* 0.09
Age 80-84t -1.11* 0.10
Age 85-89t ~1.89* 0.13
Age90+1 —2.11* 0.20
Sex (female vs male) -0.41* 0.07
ADL (one or more) -2.26* 0.13 -2.08* 0.15
Climbing stairs, needs help -2.28* 0.13 -2.17* 0.12
Walking 1/2 mile, needs help —-2.84* 0.09 —2.46* 0.09
R* = 0.42 R* = 0.46
tCompared to reference group, age 71-74 years.
*p < .001.
(@) (b)
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Figure 3. Mean scores on summary performance scale according to age group and sex for (a) those who report needing no help with activities of daily
living, climbing stairs, and walking one-half mile, and (b) those who report they can not walk one-half mile without help but need no help with activities of

daily living and climbing stairs.

ing one-half mile is significant in women. In Model II, the
summary performance score is significantly associated with
death, with those at the 25th percentile being more than two
times more likely to die than those in the 75th percentile (5-
point difference in score). In Model III, in which self-report
and performance measures are entered together, ADLs, walk-
ing one-half mile, and the summary performance score remain
significantly associated with mortality in men, but only the
summary performance score reaches significance as a predic-
tor of mortality in women, with walking one-half mile almost
statistically significant (p = .056). In a subgroup analysis
limited to those at the high end of the functional spectrum
(summary performance score of 8 to 12), the summary perfor-
mance score was significantly associated with mortality
(results not shown).

A similar pattern was seen in analyses examining predic-
tors of nursing home admission in Towa, the only site to have
comprehensive assessment of nursing home admission after
the follow-up 6 assessment. Between the time of the follow-
up 6 assessment in the home and the end of 1990, 286/2097
(13.6%) of lowa participants entered a nursing home. Aver-
age length of follow-up to nursing home admission, death,
or the end of 1990 was 2.46 years. Figure 5b shows a general
stepwise decline in the age- and sex-adjusted nursing home
admission rate with increasing score on the summary perfor-
mance scale. Table 6 demonstrates in Model III that signifi-
cant predictors of nursing home admission include both self-
report (the question on climbing stairs in men and the
question on walking one-half mile in women) and the sum-
mary performance scale. In an analysis limited to those with
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Figure 4. Distribution of summary performance score for three groups
defined by self-reported disability. Those with no mobility disability report
they can climb a flight of stairs and walk one-half mile without help.

a summary performance score of 8 to 12, this score was a
significant predictor of nursing home admission (results not
shown).

DISCUSSION

The performance measures of functioning administered
to this population aged 71 years and older assessed gait,
balance, and lower extremity strength and endurance. These
tests were found practical and safe for well-trained interview-
ers to administer in a home setting. The gait and balance tests
could potentially have led to falls, and the repeat chair stand
test required a vigorous effort, but there was a high level of
compliance and no injuries or adverse outcomes were encoun-
tered. Results may be interpreted as continuous variables or,
in order to include individuals in the analyses who were
unable to perform the tests, as categorical variables.

Those age 80 and older had poorer performance than those
age 71-79, but the amount of overlap was great, with a large
proportion of the older age group functioning at or above the
mean levels of the younger group. The prevalance of self-
reported disability has been found to be higher in older
women than men (10,20). These results were consistent,
showing slightly slower times for women and a higher
proportion of women in the older age group unable to
complete the tasks. However, there is considerable overlap
here, as well.

A strong association was found between performance
measures of lower extremity function and self-reported dis-
ability in this study. The performance measures employed in
this research were not designed to examine objectively the
same tasks as assessed by the self-report measures. This has
been done in several studies designed specifically to com-
pare a participant’s ability to complete standardized tasks
representing particular ADLs with their self-reported dis-
ability in these tasks (21-23). These studies found a substan-
tial amount of discordance between performance tests and
self-report that may represent inaccurate reporting and mea-
surement error, although there are some limitations in mak-
ing these kinds of comparisons. The simple tests of perfor-
mance used in these studies could not fully assess all aspects

Deaths per 100 Person Years

o 1 2 3 4 5 6 7 8 8 10 11 12

Performance Test Summary Score

G

Nursing Home Admissions
per 100 Person Years

0 1 2 3 4 5 6 7 & 9 10 1 12
Performance Test Summary Score

Figure 5. (a) Age- and sex-adjusted death rate according to summary
performance score for East Boston, lowa. and New Haven sites. (b) Age-
and sex-adjusted nursing home admission rate according to summary
performance score for Iowa site.

of an ADL that might influence a participant’s self-report.
Furthermore, two of the studies (21,22) were conducted on
persons at the end of an acute care hospitalization, when
their ability to recognize their abilities and limitations might
have been reduced, especially for activities such as dressing
and bathing.

Although our study was not designed to assess discordance
between performance and self-report measures of the same
task. discordance was found for assessments of walking. Of
those unable to complete the measured walk (walk test cate-
gory 0, Table 2), 13.6% of persons stated they could walk a
half mile without help. The apparent discordance in these 33
individuals may have multiple causes. including the partici-
pant misunderstanding the question or answering the question
with reference to his or her usual state of functioning while
suffering from a temporary incapacity, and the interviewer
miscoding the self-report response or the reason for nonper-
formance of the walk test. An analysis restricted to those
unable to perform the walk that compared those who stated
they could and could not walk a half mile found no differences
between these two groups in cognitive functioning, depres-
sion, and educational status (analyses not shown).

Rather than assessing the same task in several ways, the
measures used in our study can probably best be conceptual-
ized as representing two points on the pathway from disease
to disability. In a framework proposed by an Institute of
Medicine committee (24) and derived from the work of Nagi
(25), the pathway progresses from disease to impairment to
functional limitation to disability. The performance mea-
sures are objective assessments of functional limitations

" (defined as a restriction or lack of ability to perform an action

or activity), while the self-report measures reflect disability
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Table 5. Relative Risks Relating Age, Self-Reported Disability, and Summary Performance Score to Mortality

Model I Model II Model 111
Men Women Men Women Men- Women
. ) Relative Risk* (95 percent confidence interval)

Age (10 years) 1.7(1.3-2.1) 1.7 (1.3-2.3) 1.5 (1.1-2.0) 1.5(1.1-2.0) 1.5(1.1-2.0) 1.5(1.1-2.0)
Disabled in: o

ADLs (one or more) 1.9 (1.2-3.1) 1.4 (0.9-2.2) 1.7 (1.0-2.8) 1.1(0.6-1.7)

Walking 1/2 mile 2.2(1.5-3.3) 2.2(1.5-3.3) 1.7 (1.1-2.6) 1.5(1.0-2.3)

Climbing stairs 1.4 (0.9-2.3) 1.3(0.9-2.0) 1.1(0.7-2.0) 1.0 (0.7-1.6)
Summary performance 2.3(1.8-2.9) 2.6(2.0-3.5) 1.6(1.1-2.1) 2.2(1.6-3.2)

score (5 points poorer)

*Based on proportional hazards model.

Table 6. Relative Risks Relating Age, Self-Reported Disability, and Summary Performance Score
to Nursing Home Admission. lowa EPESE.
Model I Model I Model 111
Men Women Men Women Men Women
Relative Risk* (95 percent confidence interval)

Age (10 years) 2.1(1.5-2.9) 2.3(1.8-2.9) 1.9 (1.4-2.6) 1.9 (1.5-2.5) 1.8(1.3-2.4) 1.9(1.4-2.4)
Disabled in:

ADLs (one or more) 1.7 (0.7-3.3) 1.5(1.0-2.4) 1.1(0.5-2.1) 1.2(0.8-2.0)

Walking 1/2 mile 2.3(1.4-3.8) 2.1(1.5-2.8) 1.2(0.7-2.2) 1.4 (1.0-2.0)

Climbing stairs 2.8(1.5-5.1) 1.7(1.1-2.4) 1.9(1.0-3.4) 1.2(0.8-1.7)
Summary performance 3.4(2.5-4.6) 12.8(2.2-3.6) 2.7(1.8-4.0) 2.2(1.6-3.0)

score (5 points poorer)

*Based on proportional hazards model.

(defined as an inability or limitation in performing socially
defined activities and roles). Since not all functional limita-
tions are expected to lead to disability, a perfect correlation
between the kind of performance measures employed here
and disability would not be expected. A fruitful line of
research to improve our understanding of the pathway,
however, is to identify other factors that influence the impact
of functional limitations on disability. Jette and colleagues
have employed performance measures which assess joint
range of motion and have demonstrated the association of
these measures with disability (11) and the impact of the
change in these measures with change in disability (26).

In regard to the pathway discussed above, it should be
noted that the regression analyses used to evaluate the
relationship between self-report and performance measures
were not constructed to imply a causal pathway but were
simply used to evaluate their cross-sectional association.
Considering how few self-report items were used and their
limited response categories, it is striking how much of the
variance in the summary performance measure was ex-
plained. It is possible that even more of the variance in the
summary performance scale would be explained if these
items also assessed perceived level of difficulty or if addi-
tional self-report items were used that evaluated more dif-
ficult activities, such as those assessing vigorous and moder-
ate activities in the full Medical Qutcomes Study instrument
(27) or Reuben and colleagues’ Advanced Activities of
Daily Living (28). These findings raise the practical question

of just how much information the performance measures add
to the self-report measures.

This report provides evidence that the performance mea-
sures do indeed contribute information beyond that obtained
from self-report. The most important finding here, that has
not been previously demonstrated, is that a comprehensive
scale of lower extremity performance can provide informa-
tion across the entire spectrum of functioning. This classi-
fication of level of functioning appears to be valid, as
evidenced by the clearly demonstrated gradients across the
summary performance scale of prevalence of self-reported
disabilities and incidence of nursing home admission and
death. That those scoring 12 on the summary performance
scale have a lower mortality than those scoring 11, who have
a lower mortality than those scoring 10 (Figure 5) is quite
remarkable. No self-reported measures of functioning have
been demonstrated that can define a gradient of risk for those
who not only are not disabled but rank at the highest end of
the functional spectrum, although it is conceivable that self-
report measures assessing very vigorous activities might
work in this way.

Other findings also support the value of performance
measures. For certain subgroups with identical self-report
profiles, there were systematic differences in performance
related to age and sex (Figure 3). Within each of the three
hierarchical levels of functioning defined by self-report there
was a wide distribution of functioning on the performance
tests (Figure 4). Even more refined self-report measures
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“would probably not appreciably affect rankings derived from
self-report, so it is likely that performance measures are
providing information not obtainable from self-report. This
is also evidenced in the analyses of predictors of death and
nursing home admission (Tables 5 and 6), in which the
summary performance scale is a strong and consistent pre-
dictor of these outcomes even after adjustment for self-
reported disability. These findings are consistent with find-
ings from one of the earliest applications of performance
measures, in which a performance battery was more highly
predictive of death and hospitalization than self-report of
disability (29). Other studies have shown the association of
performance measures with death (30) and nursing home
admission (31), but did not directly compare the influence of
performance and self-report measures in a single model.
Twao studies of the predictors of falls found that performance
measures were important predictors of this outcome, even
after adjustment for self-reported disability (2,3).

This study has demonstrated that a short battery of perfor-
mance measures of lower extremity function characterizes
community-dwelling older persons across a broad spectrum
of functional status and predicts mortality and institutional-
ization across this spectrum. The research also supports the
conclusions of other studies (4,30) that self-report and per-
formance measures complement one another, and that both
add to our understanding of older persons’ functional status.
Standardized measurement of performance thus appears to
be a valuable addition to gerontologic assessment, but its
widespread use may be premature. Performance measures
may prove useful in comparing the functional status of
different populations and tracking function over time, but
these applications require additional methodologic work.
Self-report assessments require less training and are quicker
to obtain and may adequately serve the purposes of much
research and clinical evaluation. The value of performance
measures in assessing requirements for care and placement
needs of an individual patient can not be inferred from these
population studies, and further investigation in this area
would also be valuable.
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* Appendix

Table Al. Performance on Timed 8-Foot Walk: Percentage Unable To Complete and Mean Times
and Percentile Times for Those Completing the Task

All Men Women
71+ 71+ 71-79 80+ 71+ 71-79 80+
n 5097 1785 1239 546 3312 2030 1282
Unable to complete
(percent) 4.9% 4.2% 3.3% 6.2% 5.3% 3.2% 8.7%
Times (sec)

Mean 5.0 4.4 4.0 5.1 5.3 4.7 6.3
1st percentile 19.0 14.1 12.7 15.6 20.1 16.3 243
5th percentile 10.3 8.6 7.6 9.8 11.4 9.1 15.3

10th percentile 7.9 6.7 6.1 7.7 8.7 7.1 10.9

25th percentile 5.7 4.9 4.5 5.7 5.9 5.3 7.0

50th percentile 4.1* 3.8 35 4.3 4.3 4.0 5.0

75th percentile 3.2 3.0 2.9 34 3.4 3.2 38

90th percentile 2.7 25 2.4 3.0 2.9 2.8 3.1

95th percentile 2.4 23 2.2 2.6 2.6 2.5 2.3

99th percentile 2.0 1.9 1.9 2.1 2.1 2.0 23

*Used to define categories of performance. Category 1: 2 5.7 sec.; Category 2: 4.1-5.6 sec.; Category 3: 3.2—4.0 sec.; Category 4: < 3.1 sec.

Table A2. Performance on Timed Repeat Chair Stands: Percentage Unable To Complete and Mean Times
and Percentile Times for Those Completing the Task
All Men Women
71+ 71+ 71-79 80+ 71+ 7119 80+
n 5106 1786 1239 547 3320 2033 1287
Unable to complete
(percent) 21.6% 17.7% 13.3% 27.6% 23.7% 16.4% 35.2%
Times (sec)

Mean 14.5 13.7- 13.2 15.0 14.9 14.4 16.1
Ist percentile 30.0 27.9 26.6 31.9 31.9 29.1 35.6
Sth percentile 23.2 21.5 20.2 24.5 24.1 226 26.6

10th percentile 20.4 19.0 18.0 21.0 21.1 20.1 233

25th percentile 16.7* 15.4 15.0 17.3 17.3 16.6 18.7

50th percentile 13.7* 13.0 12.6 14.0 14.1 13.7 15.0

75th percentile 11.2* 10.8 10.6 1.5 11.5 11.1 12.3

90th percentile 9.5 9.2 9.0 10.0 9.8 9.5 10.3

95th percentile 8.6 83 8.0 9.0 8.8 8.6 9.4

99th percentile 6.7 6.6 6.5 7.2 7.0 6.8 7.2

*Used to define categories of performance. Category 1: 2 16.7 sec.; Category 2: 13.7-16.6 sec.; Category 3: 11.2-13.6 sec.; Category 4: < 11.1 sec.

Table A3. Distribution (%) of Performance Categories on Tests of Standing Balance

All Men Women

Category* 71+ 71+ 71-79 80+ 71+ 7-79 80 +
0 9.5 7.9 5.9 12.5 10.4 5.7 17.8

1 14.5 10.5 7.2 18.0 16.6 12.0 239

2 13.0 10.6 8.6 15.0 14.3 12.6 16.8

3 13.8 12.6 12.1 12.3 14.7 15.4 13.6

4 49.2 58.9 66.2 42.3 441 54.3 28.0

_ . 1oo 100 100 100 100 100 100

n 5104 1784 1238 546 3320 2030 1290

*See Table 1 for definition of categories.



