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OBJECTIVES:

 

To assess the ability of gait speed alone
and a three-item lower extremity performance battery to
predict 12-month rates of hospitalization, decline in health,
and decline in function in primary care settings serving
older adults.

 

DESIGN:

 

Prospective cohort study.

 

SETTING:

 

Primary care programs of a Medicare health
maintenance organization (HMO) and Veterans Affairs
(VA) system.

 

PARTICIPANTS:

 

Four hundred eighty-seven persons aged
65 and older.

 

MEASUREMENTS:

 

Lower extremity performance Estab-
lished Population for Epidemiologic Studies of the Elderly
(EPESE) battery including gait speed, chair stands, and
tandem balance tests; demographics; health care use;
health status; functional status; probability of repeated ad-
mission scale (Pra); and primary physician’s hospitaliza-
tion risk estimate.

 

RESULTS:

 

Veterans had poorer health and higher use
than HMO members. Gait speed alone and the EPESE bat-
tery predicted hospitalization; 41% (21/51) of slow walk-
ers (gait speed 

 

�

 

0.6 m/s) were hospitalized at least once,
compared with 26% (70/266) of intermediate walkers
(0.6–1.0 m/s) and 11% (15/136) of fast walkers (

 

�

 

1.0 m/s)
(

 

P

 

 

 

�

 

 .0001). The relationship was stronger in the HMO
than in the VA. Both performance measures remained in-
dependent predictors after accounting for Pra. The EPESE
battery was superior to gait speed when both Pra and pri-
mary physician’s risk estimate were included. Both perfor-

mance measures predicted decline in function and health
status in both health systems. Performance measures,
alone or in combination with self-report measures, were
more able to predict outcomes than self-report alone.

 

CONCLUSION:

 

Gait speed and a physical performance
battery are brief, quantitative estimates of future risk for
hospitalization and decline in health and function in clini-
cal populations of older adults. Physical performance mea-
sures might serve as easily accessible “vital signs” to screen
older adults in clinical settings. 
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activities of daily living

 

lder people are at increased risk for worsening
health, declining function, and high healthcare use,

but this age group is diverse; interventions to prevent func-
tional decline or avoid unnecessary use are costly and
should be targeted toward those most at risk, making
screening for high-risk older people a priority.

 

1

 

 Medical
diagnoses have limited capacity to define high-risk
groups.

 

2

 

 Functional status screening identifies older adults
who need assistance, but functional assessment has not
been incorporated into most clinical settings and may be
insensitive to early disability.

 

3–11

 

 Risk for hospitalization in
older adults can be estimated using a measure that in-
cludes indicators for chronic diseases, health status, social
support, and prior use.

 

12–14

 

 Physical performance measures
have potential as clinical risk indicators.

 

15–19

 

 In a large epi-
demiological study, the Established Populations for Epide-
miological Study of the Elderly (EPESE), the lower extrem-
ity performance battery, combining gait speed, chair rise
capacity, and balance skills, discriminated risk of death
and nursing home placement in the total older popula-
tion.

 

20

 

 In the subset of older adults with no self-reported
disability reported from EPESE studies, the performance
battery predicted functional decline and hospitalization
over 4 years.

 

21,22

 

 Evidence from epidemiological studies
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may not apply to clinical settings, where much more is
known about the health of the individual. The purpose of
this study was to determine whether simple physical per-
formance measures can be used in real-world healthcare
programs for older adults to predict future healthcare use,
health status, and functional status after accounting for
other information available to the healthcare system. This
study also attempted to determine the most efficient ap-
proach, by assessing whether gait speed alone provided
most of the information derived from the EPESE lower ex-
tremity performance battery.

 

METHODS

Overview

 

In this prospective cohort study, subjects were recruited
from two primary care clinic sites and followed for 36
months. Results are presented here for the first 12 months
of follow-up. The Veteran’s Affairs (VA) and university in-
stitutional review boards approved this study. Informed
consent was obtained from all participants.

 

Subjects

 

Participants for this study were recruited from a VA net-
work site and a Medicare health management organiza-
tion (HMO) serving a common geographic area. Eligible
persons were aged 65 and older, lived in the community
within a 20-mile radius of the ambulatory clinic site, and
had been in the same healthcare system for at least 1 year.
Mental status eligibility criteria were based on the need to
maintain a use diary and self-report health. The Mini-
Mental State Examination (MMSE)

 

23

 

 was used to define
groups with scores of 24 or higher (eligible), scores of 16–
23 (eligible if they had a caregiver to maintain a diary),
and scores less than 16 (excluded). Mobility screening,
based on walking ability, excluded persons who were un-
able to walk at least 4 meters and those considered to be
extremely fit or extremely fragile (gait speed 

 

�

 

1.3 m/s or

 

�

 

0.2 m/s).
Of 572 individuals who agreed to be screened for this

study, 487 met all criteria and entered the study. Of the 85
excluded, 21 failed mental status criteria, 16 failed mobil-
ity criteria, eight refused home visits, five had not been in
care for 1 year, four lived outside the study radius, three
received most of their care outside the system, and 28 were
excluded for other reasons.

 

Measures

 

Participants had baseline assessments of demographic
characteristics, cognition by MMSE,

 

23

 

 depression by Geri-
atric Depression Scale,

 

24

 

 social support,

 

25

 

 self-report of co-
morbid conditions, an estimate of hospitalization risk,
(the probability of repeated admission (Pra)).

 

12

 

 The Pra in-
cludes age, sex, global health, social support, hospitaliza-
tion or more than six physician visits in the last year, and
presence of diabetes mellitus and coronary heart disease.
The decision to collect Pra data was made after subject ac-
crual began, so data on the first 45 patients were not ob-
tained. Baseline and outcome rates did not differ between
participants with and without Pra data.

Physical performance, health status, functional status,
and symptoms were assessed at baseline and at 3, 6, 9, and

12 months. Health status was assessed using the European
Quality of Life questionnaire (Euroqol)

 

26

 

 and the global
health item from the Medical Outcomes Study 36-item
short-form health survey (SF-36), which asks respondents
if their current health is excellent, very good, good, fair, or
poor.

 

27,28

 

 Functional status was assessed using items from
the National Health Interview Survey (NHIS)

 

29

 

 and the
physical function index of the SF-36.

 

27,28

 

 The NHIS ex-
plores difficulty and dependence in 16 activities related to
activities of daily living (ADLs) and instrumental ADLs.
The SF-36 physical function index examines limitations in
10 activities related to mobility and physical movements

 

.

 

Performance testing was conducted twice during the
baseline period, first during an outpatient clinic visit for
eligibility and consent and second during a comprehensive
home visit within 1 week. Testing was based on the EPESE
lower extremity performance battery.

 

20

 

 Gait speed for the
separate gait speed variable was done over 4 meters, with
a 1-meter start-up before starting timing.

 

30

 

 All gait speed
measures used the instruction to “walk at your usual
speed.”

 

20

 

 Baseline physical performance is presented here
as the average of the clinic and home observations. Perfor-
mance testing continued at all scheduled clinic visits but is
not further reported here.

Interrater and test-retest reliability over 2 weeks was
assessed on the entire interview battery. Intraclass correla-
tion coefficients (ICCs) were above 0.9 for interrater reli-
ability of all items. Test-retest reliability ICCs were above
0.9 for all items except the Euroqol (ICC 

 

�

 

 0.875) and the
EPESE summary score (ICC 

 

�

 

 0.723). Reliability of clinic-
home baseline by ICC was 0.84 for gait speed and 0.82 for
EPESE summary score.

Physician’s risk estimate was used as another marker
of healthcare system knowledge about a patient’s future
risks. Each participant’s primary care physician was asked
to estimate the likelihood of being hospitalized during the
coming year on a scale ranging from 0% to 100% in in-
crements of 10%. The decision to collect data on the physi-
cian risk estimate was made after subject accrual started.
Data were obtained on 365 subjects: 73% of HMO partici-
pants and 89% of VA participants. Baseline characteristics
and outcome rates did not differ between participants with
and without physician risk assessments except for sex and
race. Those with physician estimates were more likely to
be veterans, male, and black than those without estimates.

Use was monitored in two ways. Health system data
included hospitalizations and deaths. The participants or
caregivers maintained healthcare diaries, which included
hospitalizations and nursing home stays. The main pur-
pose of the diaries was to capture out-of-system use, espe-
cially in the VA system

 

.

 

 The two data sources were merged
and discrepancies resolved by review of original medical
documents and additional patient and provider interviews.

The three major outcome domains were use, health
status, and functional status. A consensus panel of two
physicians, two physical therapists, and a biostatistician
preselected major outcomes, including criteria for signifi-
cant change, using cross-sectional data and prior experi-
ence. The two measures of use were one or more hospital-
izations and one or more adverse events, including
hospitalization, nursing home placement, and death. The
outcome “one or more adverse events” was designed to
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avoid misclassification of persons with “competing
events” such as nursing home placement or death, which
might occur instead of hospitalization in frail persons. The
two measures of decline in health status were Euroqol
score decreased 0.1 points and global health declined two
levels or reached the lowest level. The two measures of de-
cline in functional status were NHIS functional status, in-
dicating new difficulty in a basic ADL (eat, dress, bathe,
toilet, groom, and transfer), and SF-36 physical function
index decline of 10 points. Outcome events were consid-
ered to have occurred if they were detected at any point
during the 12 months of follow up.

 

ANALYSIS

 

All analyses were performed using SAS software, version
8.0 (SAS Institute, Inc., Cary, NC). The statistical analyses
were designed to assess the relationship between two base-
line measures of physical performance (gait velocity and
the EPESE summary score) and the six major outcome
measures described above. Preliminary descriptive analy-
ses of the baseline data were used to characterize the sam-
ple. Contingency tables and logistic regression models
were used to assess relationships between physical perfor-
mance and the longitudinal outcome measures.

Initial cross-sectional logistic regression analyses of
baseline performance data against indicators of functional
status were used to determine clinically valid cutpoints of
0.6 and 1.0 m/s on gait velocity.

 

31

 

 EPESE ordinal catego-
ries were based on the original recommendations.

 

20

 

 Ordi-
nal scales based on these values were used in the subse-
quent univariate descriptive analyses for 1-year outcomes.
The performance measures were assessed as continuous
variables in all logistic regression analyses.

Analyses of the relationships between the two ordinal
physical performance measures and each of the dichoto-

mous outcome measures were conducted using contin-
gency tables with formal inference based on chi-square
statistics.

 

32

 

 These analyses were initially stratified by pro-
vider system, with final analyses collapsed across systems
if no system effect was observed. Logistic regression
models were then used to assess the adjusted relationships
between the two physical performance measures in their
original continuous form and each of the six dichotomous
variables.

 

32,33

 

 An interaction term between physical perfor-
mance and baseline status was included in each of the lo-
gistic regression models. It was significant only for the
model addressing SF-36 physical function. Therefore, the
analysis of SF-36 physical function is stratified by two lev-
els of baseline status.

Finally, to compare the contribution of performance
and self-report measures as predictors of all outcomes,
models were fit that included one factor at a time and then
combinations of factors. Differences in areas under the re-
ceiver operating characteristic (ROC) curves for these
models were used to assess added value.

 

33

 

 For all model-
based analyses, gait velocity and the EPESE score were
treated as continuous variables.

 

RESULTS

 

There were 487 participants: 140 from the VA system and
347 from the Medicare HMO (Table 1). The VA partici-
pants were all male and tended to be in worse health than
those from the Medicare HMO. There were 34 partici-
pants (7%) without complete 12-month follow-up or ma-
jor outcomes such as hospitalization or death; 20 changed
provider systems, 12 withdrew, and two moved out of the
study area.

Major predefined outcomes including use, decline in
health status, and decline in function are described in Ta-
ble 2. The VA population had higher rates of use and of

 

Table 1. Baseline Characteristics of the Sample: Total Population and By Site

 

Characteristic

Total
Sample
N 

 

�

 

 487

Medicare Health
Maintenance
Organization 

n 

 

�

 

 347

Veterans 
Affairs

n 

 

�

 

 140

Age, mean 

 

�

 

 SD 74.1 

 

�

 

 5.7 74.1 

 

�

 

 5.8 74.2 

 

�

 

 5.7
Female, n (%)* 213 (43.7) 213 (61.7) 0
Black, n (%)* 90 (18.5) 33 (9.5) 57 (40.7)
Education (high school or more)* 319 (65.5) 249 (71.8) 70 (50.0)
Gait speed, m/sec, mean 

 

�

 

 SD

 

†

 

0.88 

 

�

 

 0.22 0.89 

 

�

 

 0.21 0.83 

 

�

 

 0.24
Established Population for Epidemiologic Studies of the Elderly score,

mean 

 

�

 

 SD

 

†

 

8.4 

 

�

 

 2.3 8.6 

 

�

 

 2.1 7.9 

 

�

 

 2.7
Mini-mental state examination cognition score, mean 

 

�

 

 SD 27.5 

 

�

 

 2.3 27.7 

 

�

 

 2.3 27.1 

 

�

 

 2.4
Depression score, mean 

 

�

 

 SD 2.3 

 

�

 

 2.7 2.4 

 

�

 

 2.9 2.0 

 

�

 

 2.4
Global health: fair or poor, n (%)* 108 (22.0) 58 (16.6) 50 (35.2)
Probability of repeated admission score, mean 

 

�

 

 SD (n 

 

�

 

 408)*

 

‡

 

 0.32 

 

�

 

 0.11 0.29 

 

�

 

 0.11 0.37 

 

�

 

 0.11
SF-36, physical function, mean 

 

�

 

 SD 64.3 

 

�

 

 29.1 65.9 

 

�

 

 28.8 60.3 

 

�

 

 30.0
Congestive heart failure, n (%) 49 (10.0) 32 (9.1) 17 (12.1)
Diabetes mellitus, n (%) 84 (17.3) 53 (15.4) 31 (22.1)
Arthritis, n (%) 284 (58.3) 193 (55.6) 91 (65.0)

 

Difference between Veteran’s Affairs and Medicare HMO groups, based on a two-sample 

 

t

 

 test for continuous measures and chi-square test for categorical measures.

 

*

 

P

 

 

 

�

 

 .001; 

 

†

 

P

 

 

 

�

 

 .01; 

 

‡

 

P

 

 

 

�

 

 .05.
SD 

 

�

 

 standard deviation; SF-36 

 

�

 

 Medical Outcomes Study 36-item short form health survey. 
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worsening health and function than did the Medicare
HMO population.

 

Use

 

One or more hospitalizations occurred in 23% of partici-
pants, more in the VA (34%) than in the Medicare HMO
(19%) (Table 2). Gait speed and the EPESE score pre-
dicted hospitalization in the Medicare HMO (Table 3).
The EPESE score predicted hospitalization in the VA sam-
ple, whereas gait speed alone did not, although the direc-
tion of effect was sufficiently similar to allow data to be

pooled. Because the EPESE score includes measures of
chair rise and balance as well as gait speed, the better pre-
dictive ability in the VA is likely due to the chair or balance
tasks. Gait speed and EPESE summary score remained pre-
dictors after adjusting for the Pra hospitalization risk score
and age (Table 4). When the primary physician’s prediction
of hospitalization risk is included (Table 4), the EPESE

 

Table 2. One-Year Cumulative Outcome Rates: Total Population and By Site

 

Total 
Sample
n 

 

�

 

 453

Medicare
Health

Maintenance
Organization

n 

 

�

 

 323

Veterans
Affairs

n 

 

�

 

 130

Outcome n (%)

Use

 

�

 

1 hospitalizations* 106 (23.2) 62 (19.2) 44 (33.9)
Deaths 18 (4.0) 10 (3.1) 8 (6.2)

 

�

 

1 adverse events (hospitalization, nursing home placement, death)* 115 (25.4) 68 (21.1) 47 (36.2)
Health status

Significant decline in health status (Euroqol score decline 

 

�

 

0.1)

 

† 140 (31.4) 103 (32.3) 37 (29.1)
Significant decline in global health (drop two levels or become poor)*‡ 53 (12.2) 28 (9.0) 25 (20.5)

Functional status
New difficulty with personal care*† 122 (27.4) 72 (22.3) 50 (39.4)
Significant decline in physical function (36-item short-form health survey,

physical function index change �10 points)† 122 (26.9) 86 (26.6) 36 (27.7)

* Site effect P � .001.
† n � 446, excludes seven persons who had adverse events in the first three months of the study.
‡ n � 435, excludes 11 persons who were in poor health at baseline and seven who had adverse events in the first 3 months of the study.

Table 3. Rates of Hospitalization Over 1 Year By Predictors
and By Site

Medicare
Health

Maintenance
Organization

n � 323

Veterans
Affairs 

n � 130

Factor n (%)

Gait speed, m/sec 
�0.6 12 (41.4) 9 (40.9)
0.6–1.0 45 (23.6) 25 (33.3)
�1.0 5 (4.9) 10 (30.3)
P-value P � .0001 Not significant

Established Population for
Epidemiologic Studies of
the Elderly score

�7 19 (61.2) 20 (47.6)
7–9.5 32 (18.8) 15 (31.9)
10–12 11 (10.6) 9 (22.0)
P-value P � .0001 P � .0131

 

Table 4. Gait Speed and Established Population for
Epidemiologic Studies of the Elderly Performance Battery as
Predictors of Hospitalization, Sites Combined, Adjusted for
Pra Alone and then Pra and Physician Estimate

Risk Adjusted 
for Pra

n � 408

Risk Adjusted 
for Pra and 
Physician’s 
Estimate
n � 328

Variable
Odds
Ratio

P-
Value

Odds
ratio

P-
Value

Gait speed (unit � 0.2
m/sec) 0.62 .002 0.6 .16

Hospitalization risk by Pra
(unit � 0.2) 1.9 .03 1.8 .046

Physician risk estimate
(unit � 10%) 1.2 .033

EPESE (unit � 2 points) 0.68 .0004 0.79 .05
Hospitalization risk by Pra

(unit � 0.2) 1.9 .002 1.6 .07
Physician risk estimate 

(unit � 10%) 1.14 .05

Note: All analyses are age adjusted.
Pra � probability of repeated admission scale.
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score remains a predictor of hospitalization, whereas gait
speed alone becomes marginal. Analyses of the other use
outcome, one or more adverse events including hospital-
ization, nursing home placement, and death, revealed re-
sults similar to hospitalization alone in both healthcare
systems (results not shown).

Health Status
The two health status outcomes were decline in global
health and decline in Euroqol score (Table 2). Persons
with the lowest global health level at baseline are not in-
cluded in the global health analysis because further de-
cline from the lowest initial level cannot be detected.
Global health declined in 12% of the participants. The
Euroqol score declined at least 0.1 points in 30% of the
participants. Gait speed and EPESE score effects were
similar in the VA and Medicare HMO populations; con-
sequently, the results are pooled across systems, and
only those for gait speed are shown (Tables 5 and 6).
Gait speed and EPESE battery were strong univariate pre-
dictors of global health decline, less so for Euroqol score
decline. After adjustment for baseline status and age (Ta-
ble 4), physical performance measures were strong predic-
tors of global health decline and Euroqol decline.

Functional Status
The two functional status outcomes were new difficulty in
personal care and decline in physical function. New diffi-

culty in personal care activity occurred in 28% of partici-
pants, whereas physical function decline developed in
27%. Gait speed and EPESE score were strong predictors
of new personal care difficulty in both the Medicare HMO
and VA samples; consequently, results are pooled (Table 7
and 8, only those for gait speed shown). Slow walkers had
a 69% incidence of new personal care difficulty; only 12%
of the fast walkers developed such difficulty. Physical per-
formance remained a strong predictor of new ADL diffi-
culty after adjustment for baseline function and age. The
ability of physical performance measures to predict decline
in physical function, as measured by the SF-36, was heavily
influenced by the initial SF-36 score. Those with higher
baseline function (SF-36 physical function score �70) and
poor performance had a slightly increased risk for decline.
In those persons who reported lower baseline physical func-
tion (SF-36 score �70), performance measures did not pre-
dict who would experience further decline.

Comparative Predictive Ability of Self-Report, 
Performance, and Combinations
The comparative ability of self-report measures and per-
formance measures, alone and in combination, to predict
1-year outcomes is described in Table 9. Predictive ability
in logistic models with dichotomous outcomes can be as-
sessed using the area under the ROC curve.33 These areas
estimate the ability of the proposed variables to predict the
outcome beyond chance and run from about 0.5 to 1.0. A
2.5% (0.025) difference in areas is considered meaningful.
In Table 9, the first column on the left gives the outcome
to be predicted, the second column gives the area predicted
by the self-report measure alone, the next two columns
give the areas for each performance measure alone (gait
speed or EPESE score), and the last two columns give the
areas for gait speed or EPESE score in combination with
the self-report measure. Analyses to predict hospitalization
were performed using the Pra score (a self-report of eight
factors found to predict hospitalization), primary physi-
cian hospitalization risk estimate, and the two together.
Results are provided for the HMO sample, the VA sample,
and the pooled sample.

 

Table 5. Change in Health Status Over 1 Year, Sites Combined

Decline
in Global
Health 

n � 435

Decline
in Euroqol

Score
n � 446

Predictor n (%)

Univariate
Gait speed (m/sec)

�0.6 16 (35.6) 24 (50.0)
0.6–1.0 29 (11.3) 82 (31.1)
�1.0 8 (6.0) 34 (25.4)
P-value �.0001 .0039

Table 6. Change in Health Status Over 1 Year, Adjusted for
Age and Baseline Health

Decline in 
Global Health

n � 435

Decline in
Euroqol Score

n � 446

Predictor
Odds
Ratio

P-
value

Odds
Ratio

P-
value

Gait speed
(unit � 0.2 m/sec) 0.49 .0001 0.63 .0001

Baseline health
(baseline raw score) 0.66 .02 1.39 .0001

Table 7. Change in Function Over 1 Year, Sites Combined

New Difficulty
in Personal

Care
n � 446 

Decline in Physical
Function 
n � 446

SF-36
�70

n � 200 

SF-36
�70

n � 246

Predictor n (%)

Gait speed (m/sec)
�0.6 33 (68.8) 12 (27.9) 3 (60.0)
0.6–1.0 73 (27.6) 32 (25.8) 44 (32.4)
�1.0 16 (11.9) 10 (34.5) 20 (19.0)
P-value �.0001 Not significant .0101

SF-36 � 36-item short-form health survey; OR � odds ratio.
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When predicting hospitalization in the HMO using
the Pra score, EPESE score was at least as good as, and
gait speed was marginally better than, Pra (area for Pra �
0.649, gait speed � 0.677, and EPESE � 0.656). The com-
bination of EPESE score or gait speed with Pra score was
somewhat better (0.687 and 0.686, respectively). In the
VA sample, the EPESE score was far superior to gait speed
or Pra (EPESE score area � 0.630, Pra � 0.578, and gait
speed � 0.532). Adding Pra score to EPESE score did not
improve predictive ability (EPESE score alone � 0.630,
EPESE and Pra � 0.631). Primary physician estimate of
risk demonstrated similar results. The combination of Pra
and physician risk is superior to EPESE score and about
the same as gait speed in the HMO (area for Pra and physi-
cian risk� 0.691, gait speed � 0.683, and EPESE score �
0.663). Adding performance measures to PRA and physi-
cian risk estimate does not improve predictive ability. In
the VA sample, neither EPESE score nor the combination
of Pra and physician risk is a good predictor (EPESE �
0.599, Pra and physician risk � 0.601). Overall, in the
HMO, the predictive ability of EPESE score and Pra (0.687)
were approximately equivalent to that of Pra and primary
physician risk estimate (0.691). In the VA, EPESE score
alone (0.630) did as well as any combination of measures.

For models predicting decline in health, using the self-
report of global health or the Euroqol score, baseline self-
report of health status was a better predictor than perfor-
mance in the HMO, but performance was better than
self-report in the VA. The combination of self-report and
performance was better than either alone.

For functional decline, defined as new difficulty in
personal care, EPESE score alone was at least as good as
self-report of functional status in the HMO setting (EPESE
score � 0.772, self-report of function � 0.761), and the
combination did not substantially improve the area under
the curve (0.784). In the VA, EPESE score (0.785) was at
least as good as self-report (0.771), but the combination
was substantially better than either alone (0.838). When
functional decline was defined as decline in SF-36 score,
the effects were different depending on whether the initial
SF-36 score was high or low. In persons who self-reported
lower physical function at baseline, performance measures
did not aid in predicting decline. In persons who reported
high physical function at baseline, the EPESE score alone
was a predictor in the HMO (area � 0.677), whereas in

the VA, self-report and EPESE score together were most
able to predict decline (area � 0.666).

Gait speed did at least as well as EPESE score in pre-
dicting hospitalization in the HMO, but EPESE was better
in the VA. Gait speed and EPESE score were equivalent in
predicting health decline in both the VA and the HMO.
EPESE was superior to gait speed in predicting functional
decline.

Feasibility and Acceptability
In the outpatient clinic, gait speed testing took less than 2
minutes in three-quarters of participants, and only one
person required more than 3 minutes. The full EPESE bat-
tery testing took less than 5 minutes in more than three-
quarters of participants, and the longest time to complete
it was 7 minutes. Healthcare professionals and staff (n �
32) from each site were asked about the acceptability of
performance testing in their setting, where these tests were
done on their patients at baseline and during regularly
scheduled follow-up visits. More than half felt the testing
was very acceptable, and the rest felt it was acceptable.
Sixty participants were asked about the acceptability of
performance testing during clinic visits. Only two felt it
was less than acceptable.

DISCUSSION
Physical performance measures are independent predictors
of use, change in health status, and decline in function in a
primary care clinical environment, even after accounting for
baseline status, age, a well-established hospital risk estima-
tor, and primary physician’s risk estimate. Performance
measures alone, or in combination with self-report mea-
sures, were able to predict outcomes more than self-report
alone. Performance measures have the potential to be in-
corporated into clinical practice as convenient global
markers or “vital signs” for health-related risk in older
adults.

Why would physical performance be a rational marker
of future health risk in older adults? Physical function mea-
sures in general appear to integrate the effects of multiple
facets of health and aging, including disease processes, nu-
tritional status, fitness, and emotional state.4–7,16,18 Physical
performance measures distinguish outcomes in persons
who self-report no functional problems, thus complement-
ing self-report alone.21,22 More-detailed assessments of dis-

Table 8. Change in Function Over 1 Year, Adjusted for Age and Baseline Function

New Difficulty 
in Personal Care

n � 446

Decline in Physical Function 
n � 446

SF-36 �70
n � 200

SF-36 �70
n � 246

Predictor OR P-value OR P-value OR P-value

Gait speed (unit � 0.2 m/sec) 0.62 .0003 0.26 .23 .72 .06
Baseline function (unit � raw score) 3.01 .0001 1.7 .0001 1.04 .81

OR � odds ratio; SF-36 � 36-item short form health survey.
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ease presence and severity or reports of subtle functional
change can be sensitive markers of future decline and mor-
tality,11,34 but they take time and resources. In this study,
physical performance remained an independent predictor
of hospitalization even after including the physician’s glo-
bal estimate. Even though physicians are likely to have in-
formation unavailable in epidemiological studies or medi-
cal records, performance data might add further to their
ability to identify high-risk older adults.

How might physical performance data be used clini-
cally? If performance is to be useful as a vital sign or a
screening test, then a differential diagnosis of the causes of
poor performance and interventions to change outcomes
must be available. Ferrucci et al. have proposed a struc-
tured approach to gait disorders that includes cardiopul-
monary, neurological, and musculoskeletal disorders.35 It
may be possible to develop and test an evaluation and in-
tervention process for abnormalities of gait and balance.36

Table 9. Area Under the Receiver Operating Characteristic Curve for Major Outcomes using Self-Report Measures, Gait
Speed or Established Population for Epidemiologic Studies of the Elderly (EPESE) Score Alone, and Measures Combined

Outcome
Self-Report 

Measure
Gait 

Speed
EPESE
Score

Gait 
Speed and
Self-Report

EPESE
Score and
Self-Report

Pra score* (n � 408)
Hospitalization

HMO 0.649 0.677 0.656 0.686 0.687
VA 0.578 0.532 0.630 0.580 0.631
Pooled 0.644 0.632 0.656 0.656 0.677

Physician risk estimate (n � 365)
Hospitalization

HMO 0.665 0.683 0.663 0.690 0.669
VA 0.599 0.506 0.599 0.603 0.617
Pooled 0.642 0.630 0.647 0.657 0.662

Pra score* and physician risk estimate (n � 328)
Hospitalization

HMO 0.691 0.683 0.663 0.701 0.704
VA 0.601 0.506 0.599 0.602 0.611
Pooled 0.672 0.630 0.647 0.673 0.679

Global health (n � 435)
Health-global change

HMO 0.678 0.625 0.623 0.701 0.686
VA 0.664 0.743 0.756 0.820 0.799
Pooled 0.656 0.691 0.689 0.741 0.742

Euroqol score (n � 446)
Health-Euroqol change

HMO 0.624 0.578 0.597 0.662 0.674
VA 0.493 0.631 0.629 0.672 0.683
Pooled 0.592 0.587 0.602 0.653 0.676

Functional status (dependence in basic or
instrumental activities of daily living) (n � 446)
Function—new personal care difficulty

HMO 0.761 0.690 0.772 0.773 0.784
VA 0.771 0.748 0.785 0.830 0.838
Pooled 0.778 0.721 0.752 0.798 0.807

SF-36 physical function score (n � 446)
SF-36 �70 (n � 200)

Function—SF-36 change
HMO 0.751 0.485 0.511 0.758 0.758
VA 0.712 0.582 0.586 0.719 0.745
Pooled 0.734 0.521 0.534 0.747 0.744

SF-36 �70 (n � 246) 
Function—SF-36 change

HMO 0.594 0.639 0.677 0.649 0.680
VA 0.617 0.569 0.574 0.638 0.666
Pooled 0.539 0.592 0.653 0.594 0.652

Note: All analyses are age adjusted. 
* Pra score � hospitalization risk by probability of repeated admission (Pra); HMO � health maintenance organization; VA �Veterans Affairs; SF-36 � 36-item short-
form health survey.



JAGS MARCH 2003–VOL. 51, NO. 3 PERFORMANCE MEASURES IN THE CLINICAL SETTING 321

Physical performance, like blood pressure, may be a gen-
eral indicator that reflects several underlying physiological
processes and predicts a range of important future events.
Clinical acceptance of high blood pressure as an important
medical condition required developing an approach to
measurement, assembling an evidence base, and creating a
diagnostic term (hypertension).37,38 Physical performance
techniques have evolved an approach to standardized
measurement and continue to assemble an evidence base.
Is it time to name a condition? Geriatricians recognize
“dysmobility” as a condition.39 “Bradypedia” is brief and
descriptive.

Which performance measure makes sense in a clinical
setting? The EPESE battery had some additional explana-
tory power over gait speed alone for several outcomes, al-
though at the cost of additional time spent. The value of
the entire battery over gait speed alone was examined in a
pooled EPESE analysis predicting disability; gait speed
contributed most but not all the explanatory power.40 In
another epidemiological study, gait speed alone performed
as well as the whole battery in predicting mortality.41 The
whole battery takes two to three times as long to complete
as does gait speed alone. The two additional tasks, chair
rise and tandem stands, have strong face validity. The
complete battery may discriminate risk within subgroups
with high gait speeds and may help further define diagnos-
tic possibilities.

What are some benefits and costs of using perfor-
mance measures in the clinical setting? Benefits might in-
clude risk prediction and aid with diagnosis or treatment.
Performance measures, with and without self-report, help
predict risk of decline and adverse events. Performance
measures may provide a basis for a medical differential diag-
nosis and for planning medical or restorative interventions.
Potential costs include staff time and burdens to older adults
due to the health risk of testing or fatigue. Using perfor-
mance measures in the clinical setting would demand staff
time but little equipment or health risk. Self-report measures
might use less staff time if they are self-administered, but
some self-report measures require staff time for adminis-
tration or scoring. In the future, further research may iden-
tify better combinations of measures, whether self-report
or performance based, that offer even better clinical value
for cost. This study provides information about the value
of performance measures relative to some common self-
report measures against important geriatric outcomes.

The limitations of this study include the use of a single
metropolitan area, the differences in use patterns in the
two systems, and lack of data on hospitalization risks for a
subset of subjects. Although only one metropolitan area
was used, there were two provider systems, and partici-
pants had a wide range of socioeconomic, health, and
functional states, thus improving generalizability.

Hospitalization rates in the VA setting were higher
overall. Gait speed did not predict hospitalization in this
setting, whereas EPESE score did. Because the EPESE
score includes two tasks in addition to gait speed, it is
likely that the chair rise, the tandem stand, or both pro-
vide the additional explanatory value in this setting and
population. The decision to hospitalize in the VA setting
may differ from the Medicare HMO setting. Characteris-
tics of the veteran population itself, such as higher rates of

social and mental health problems, might contribute to
these findings. Practice varies regionally in the VA, as in
other provider systems, so this finding may not apply to
the VA system in general.42

The decision to add additional measures of hospital
risk was made after the study began. Thus the Pra score
and physician global risk estimate are missing in the first
10% and 20% of subjects who entered the study. The
baseline characteristics and hospitalization rates of sub-
jects who did and did not have these measures were exam-
ined, and no significant differences were found. Although
power was reduced because the sample size was smaller,
the estimates of effect have a reasonable likelihood of
being valid.

If performance was tested in the clinical setting, some
patients might intentionally alter their performance by
moving more quickly or slowly. This study used a stan-
dard “usual gait speed” based on the EPESE protocol. Nu-
merous approaches to assessing performance have been
used to study older adults, and further refinement of pro-
tocols and instructions is an active area of study.43 Al-
though motivation affects many clinical measures, includ-
ing pulmonary function tests and aerobic fitness tests, they
are still useful in a large proportion of the population.

This study averaged baseline performance across
clinic and home. Although agreement rates were high be-
tween clinic and home performance, with intraclass corre-
lations greater than 0.8, some slow walkers tended to
walk more quickly in the clinic setting. This may represent
an equivalent of “white coat hypertension,” where values
in a clinical setting are not truly representative. Repeated
measures of blood pressure across time and settings are
now recommended before applying a diagnosis of hyper-
tension.44 It was felt that a repeated baseline measure of
physical performance across settings was the best estimate
of the truth. If performance continues to be considered a
potentially useful clinical indicator, then further examina-
tion of site effects is warranted.

Performance measures may be basic integrators of the
health of older people. Through the ages, common people
have celebrated the older gentleman who “still has a
spring in his step” as doing exceptionally well and ex-
pressed concern for the aging neighbor who “seems to be
slowing down.” Perhaps it is time to bring this folk wis-
dom into mainstream clinical practice with simple quanti-
tative measures. Use of brief performance measures as “vi-
tal signs” could offer providers and healthcare systems a
new tool for recognizing impending needs of older adults.
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