Meaningful Change and Responsiveness in Common Physical
Performance Measures in Older Adults

Subashan Perera, PhD,*" Samir H. Mody, PharmD, MBA, ¥ Richard C. Woodman, MD,$ and

Stephanie A. Studenski, MD, MPH**

OBJECTIVES: To estimate the magnitude of small mean-
ingful and substantial individual change in physical perfor-
mance measures and evaluate their responsiveness.

DESIGN: Secondary data analyses using distribution- and
anchor-based methods to determine meaningful change.

SETTING: Secondary analysis of data from an observa-
tional study and clinical trials of community-dwelling older
people and subacute stroke survivors.

PARTICIPANTS: Older adults with mobility disabilities in
a strength training trial (n = 100), subacute stroke survivors
in an intervention trial (n = 100), and a prospective cohort
of community-dwelling older people (n = 492).

MEASUREMENTS: Gait speed, Short Physical Perfor-
mance Battery (SPPB), 6-minute-walk distance (6MWD),
and self-reported mobility.

RESULTS: Most small meaningful change estimates ran-
ged from 0.04 to 0.06 m/s for gait speed, 0.27 to 0.55 points
for SPPB, and 19 to 22m for 6MWD. Most substantial
change estimates ranged from 0.08 to 0.14 m/s for gait
speed, 0.99 to 1.34 points for SPPB, and 47 to 49m for
6MWD. Based on responsiveness indices, per-group sample
sizes for clinical trials ranged from 13 to 42 for substantial
change and 71 to 161 for small meaningful change.

CONCLUSION: Best initial estimates of small meaningful
change are near 0.05 m/s for gait speed, 0.5 points for SPPB,
and 20 m for 6MWD and of substantial change are near
0.10 m/s for gait speed, 1.0 point for SPPB, and 50 m for
6MWD. For clinical use, substantial change in these meas-
ures and small change in gait speed and 6MWD, but not
SPPB, are detectable. For research use, these measures yield
feasible sample sizes for detecting meaningful change. ] Am
Geriatr Soc 54:743-749, 2006.
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hysical performance measures have great value when

used as baseline factors to discriminate future health
and function in populations of older adults.’? Although
performance change over time has been reported as an out-
come in observational studies and clinical trials,>* little is
known about the amount of change that could be consider-
ed clinically important or meaningful. An estimate of the
amount of change in performance measures that is clinically
meaningful can support clinical and research needs in ger-
iatrics. In the clinical setting, criteria for meaningful change
in physical performance could help providers incorporate
performance measures into clinical practice by giving guid-
ance about how to determine whether a meaningful change
has occurred. In research, criteria for meaningful change
could help plan, evaluate, and compare the effectiveness of
interventions that use performance measures as outcomes.
For example, for an interventional study, a definition of
meaningful change can be used to calculate sample size,
report proportions that benefit from an intervention, and
estimate the number needed to treat.

Current state-of-the-art methods for determining
meaningful change belong to two broad categories: the dis-
tribution- and anchor-based approaches.’ Distribution-
based methods rely only on the statistical and psychomet-
ric properties of a measure in a population. They use the
empirical distribution of a measure and its psychometric
characteristics, such as variability and reliability, to esti-
mate the effect size®” or the standard error of measurement
(SEM).%? Anchor-based methods define a clinical standard
for comparison, using the patient’s or provider’s perception
of change as an external anchor to determine the corre-
sponding magnitude of change in the measure of interest.'?
A combination of distribution- and anchor-based methods
has been used to estimate meaningful change in other meas-
ures, such as in the Functional Assessment of Cancer Ther-
apy.!! An estimate of the magnitude of meaningful change
in a measure can be used to calculate its responsiveness or
the ability of a measure to detect clinical change.!? The
Responsiveness Index (RI) is based on the magnitude of
meaningful change and the distribution of change in a pop-
ulation!3 and is an important factor in predicting sample
size for a clinical trial.
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The purpose of this study was to estimate the magni-
tude of meaningful change in three commonly used physical
performance measures: gait speed, Short Physical Perfor-
mance Battery (SPPB), and 6-minute-walk distance
(6MWD).1:2:14-16 The goal was to create initial estimates
of small meaningful change and substantial change by
looking for concordance of estimates between populations,
designs, and analytical approaches. Multiple studies were
used as data sources to represent varying populations of
older adults and observational and clinical trial designs.
Furthermore, distribution- and anchor-based methods were
used.’ Finally, sample-size requirements were estimated
using the RI for clinical trials that plan to use performance
measures as outcomes. '3

METHODS

Data Sources

Three data sets were used (described below). The University
of Pittsburgh institutional review board approved this
study.

Basic Training Data Set

The basic training (BT) data set was a two-arm randomized,
controlled clinical trial of a 3-month home-based strength
training intervention in 100 older persons with mild to
moderate mobility limitations.'* Data were from baseline
and the 3-month postintervention assessments.

Predicting Elderly Performance Study Dataset

The Predicting Elderly Performance (PEP) Study data set
was a prospective observational cohort study of communi-
ty-dwelling older adults.? Participants were assessed in their
homes every 3 months for 1 year and every 6 months for 2
years there after. Only first-year data were used. There were
492 participants at study entry and 457 after 1 year.

Stroke Rebabilitation Trial Data Set

The Stroke Rehabilitation (REHAB) Trial data set was a
two-arm randomized trial of a 3-month program of ther-
apeutic exercise in 100 stroke survivors.'®

Measures
Performance Measures
Gait speed was available in all studies and was calculated as
distance in meters divided by time in seconds. Distances
varied from 10 feet to 10 m.>!%41¢

The SPPB score was performed and calculated as rec-
ommended.! A summary score of 0 to 12 (higher score in-
dicating better function) is based on performance on three
tasks: gait speed, chair rise, and three standing positions.
Data were available from the PEP Study.

6MWD was performed as recommended.!S Data were
available from the REHAB and BT studies.

Anchor Measures

Short Form-36 Mobility Items: Two items from the self-
reported Short Form-36 (SF-36) physical function scale
were used: ability to walk one block and ability to climb one
flight of stairs. Rating options were limited a lot, limited a
little, or not limited at all.'”>1® Data were available from all
three studies.

Global Mobility Change Rating: A single question,
“Since your last quarterly visit, has there been any change in
your mobility?” was used The response was made on a 15-
point self-reported Likert scale based on recommendations
for global measures of change by Guyatt'® as follows:
— 7 =a very great deal worse; — 6 =a great deal worse;
—5=a good deal worse; —4=moderately worse;
— 3 =somewhat worse; — 2 = a little worse; — 1 = almost
the same, hardly any worse at all; 0 = no change; 1 = al-
most the same, hardly any better at all; 2 = a little better;
3 = somewhat better; 4 = moderately better; 5=a good
deal better; 6 = a great deal better; 7=a very great deal
better. These data were available for the PEP Study. Small
decline was defined as — 2 to — 3 and substantial decline as
—4to —7.

Data Analysis
Overview

Two distribution-based (effect size and SEM) and one an-
chor-based (means comparison using several clinical an-
chors) approaches were used to determine magnitudes of
meaningful change in performance measures. Small mean-
ingful change was defined based on the literature recom-
mendations for minimally significant change as effect size
of 0.27*% scores of —2 to — 3 on the Guyatt 15-point scale,
or a 1-level change on the two SF-36 mobility items. A
larger standard was also applied for a first estimate of sub-
stantial change, which was defined empirically as effect size
of 0.5, scores of —4 or worse on the Guyatt 15-point scale,
and a two-level change in the SF-36 mobility items. Distri-
bution-based methods do not account for the direction of
change, whereas the anchor-based methods used here were
based on report of decline.

Subsequently, calculated magnitudes for the perfor-
mance measures were inspected for consistency across data
sets, approaches, and anchors. The best initial estimates for
small and substantial change were based on nearby rounded
numbers within the range of calculated estimates. Finally,
the initial estimates were entered into the RI to calculate
expected sample sizes.

Effect Size Calculation

This is a distribution-based method of quantifying a differ-
ence between two means on a unitless standard scale where
effect size = (U—Wo)/o1, where py and p, are the means at
baseline and follow-up, respectively, and o is the standard
deviation at baseline.® Guidelines for interpreting an effect
size are 0.2 for small, 0.5 to 0.6 for moderate, and 0.8 to 1.0
for large changes.”-2° Effect size—based estimate for a small
change was computed as 0.2 x o1, and that for a substan-
tial change was computed as 0.5 x o;.

Standard Error of Measurement

SEM, defined as o1+/(1 —7), where 7 is the test-retest re-
liability, is a distribution-based method of estimating a
small but meaningful individual-level change in a meas-
ure.'321 Reliability estimates for gait speed and SPPB meas-
ures were calculated from subsamples of subjects from the
studies, whereas reliability for 6MWD data came from a
published source.??
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Comparison of Means

This anchor-based approach is based on the difference in
mean change between groups with and without the anchor
standard of change defined above. Those who could not
change, because they were at the floor or ceiling, were ex-
cluded from the relevant analysis to reduce bias. A mixed
model implemented in SAS MIXED procedure (SAS Inst-
itute, Inc., Cary, NC), which includes subject as a random
effect, was used to obtain P-values, which take into con-
sideration the nonindependence among intervals caused by
many intervals of change contributed by the same subject.

Responsiveness Index

Rl is defined as the ratio of clinically important difference to
the between-subject variability of individual changes and is
computed using RI=A/\/(2 x S), where A is a difference
deemed clinically important and S is the mean square error
obtained from an analysis of variance model examining re-
peated test observations in the nontreated or reference sub-
jects, assuming independence.'® This is to be interpreted in
terms of the number of subjects needed to detect the clin-
ically important difference, where a clinical trial using out-
comes with high RIs requires only a small sample size, based
on the standard sample-size formula N = 2((Z,/,+Zg)c/A),
where 6 = /(2 x §) under the conservative independence
of repeated-measures assumption. RI was evaluated for
each of the performance measures using the final recom-
mendation based on the integration of all findings as de-
scribed above of A for small meaningful and substantial
difference. Sigma (o) was estimated using the change in
control group in the BT and REHAB datasets for the
standard deviation of the change score, rather than as
6 =4/(2 x §), more in line with statistical theory.

RESULTS

Detailed subject characterizations of the three studies
appear elsewhere?!%1¢ in detail and are summarized in

Table 1. In general, the participants in the REHAB Trial had
the greatest deficits in performance, and the participants in
the PEP Study were the most diverse in performance. For
the BT strength training trial in mobility-limited older peo-
ple (n =100), the mean baseline age was 77.6 + 7.6, gait
speed was 0.78 4+ 0.26 m/s, and 6MWD was 233 + 94 m.
For the PEP Study data set (n=492), baseline age was
74.1 £+ 5.7, gait speed was 0.88 + 0.24 m/s, and SPPB score
was 8.3 +2.7 points. For the REHAB Trial (n=100),
baseline age was 69.8 4+ 10.3, gait speed 0.65 & 0.28 m/s,
and 6MWD was 228 + 98 meters. Retention rates were
87% in the BT Study, 92% in the REHAB Study, and 93%
in the PEP Study.

Meaningful Change Using Distribution-Based
Approaches

Effect Size Analysis

Table 2 shows estimates of meaningful change based on
effect size using the three data sets. Substantial change was
operationally defined as moderate effect size. Most gait
speed change for small effects ranged from 0.04 to 0.06 m/s
and for moderate effects from 0.10 to 0.14 m/s. SPPB score
changes corresponding to small and moderate effect sizes
were 0.54 and 1.34 points, respectively. 6MWD changes for
small effects were 19 to 20 m and for moderate effects were
47 to 49 m.

SEM Analysis

Table 2 also shows estimates based on SEMs. These results
essentially correct the effect size estimates for reliability and
are recommended only for calculating criteria for small
meaningful change. The SEMs for small change in gait
speed ranged from 0.04 to 0.06 m/s for 4-m and 10-m walks
and 0.10 m/s for the 10-foot walk. The latter larger estimate
may be due to the lower reliability of the shorter walk. For
6MWD, the SEM was 21 to 22 m. The SEM for the SPPB

Table 1. Subject Characteristics and Relevant Baseline Variables from Three Data Sets

Basic Training

Predicting Elderly

Data Set Performance Study Stroke Rehabilitation
Characteristic (n=100) Data Set (n =492) Data Set (n = 100)
Age, mean + SD 776 +7.6 741 £ 5.7 69.8 + 10.3
Female, n (%) 50 (50.0) 213 (43.7) 44 (44.0)
10-foot gait speed, m/s, mean + SD 0.63 + 0.21 — —
4-meter gait speed, m/s, mean + SD — 0.88 = 0.24 —
10-meter gait speed, m/s, mean + SD 0.78 +£ 0.26 — 0.65 +0.28
6-minute walk distance, m, mean 4+ SD 233 + 94 — 228 + 98
Short Physical Performance Battery score, mean + SD — 83+27 —
Short Form-36 mobility questions, n (%)
Climbing one flight of stairs
Limited a lot 21 (21.7) 68 (13.7) 17 (17.0)
Limited a little 43 (44.3) 107 (21.6) 33 (33.0)
Not limited at all 33 (34.0) 320 (64.7) 50 (50.0)
Walking one block
Limited a lot 17 (17.2) 62 (12.5) 10 (10.0)
Limited a little 31 (31.3) 65 (13.1) 35 (35.0)
Not limited at all 51 (51.5) 368 (74.3) 55 (55.0)

SD = standard deviation.
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Table 2. Distribution-Based Meaningful Differences
6-Minute Walk
Gait Speed (m/s) Short Physical Distance (m)
Performance @—————————
10-Foot 10-Meter 10-Meter 4-Meter Battery (Points)

Effect Size, SEM, and Nature of Change (BT) (BT) (REHAB) (PEP) (PEP) (BT) (REHAB)
0.2 (small) small meaningful change 0.04 0.05 0.06 0.05 0.54 19 20
0.5 (moderate) substantial meaningful change 0.10 0.13 0.14 0.12 1.34 47 49
SEM small meaningful change™ 0.10 0.06 0.04 0.06 1.42 21 22

*Standard error of measurement (SEM) is used only for estimating minimally meaningful change, not substantial change.
BT = Basic Training strength training clinical trial; REHAB = Stroke Rehabilitation Trial; PEP = Predicting Elderly Performance Study.

was 1.42. This larger value was due to the somewhat lower
reliability of SPPB than of gait speed and 6MWD.

Meaningful Change Using Anchor-Based Methods

Anchor-based methods can be applied based on direction of
change. The results presented here are based on self-report-
ed decline. The number of subjects and subject intervals in
which subjects were at floor, had a small decline, and had a
substantial decline are summarized in Table 3 for the three
data sets. Those at floor did not have the opportunity to
self-report small or substantial decline and were excluded
from subsequent anchor-based analyses. No change in self-
reported mobility was seen in the vast majority of quarterly
intervals in community-dwelling older people, with some
episodes of small decline and a few of substantial decline.
The difference between mean performance change in
groups with and without self-reported decline, using three
items (ability to walk a block, ability to climb one flight of
stairs, and global assessment of mobility change) are pre-
sented in Table 4. Definitions of small and substantial self-
reported decline are described in the Methods section.
Overall, the mean difference in gait speed between persons
who reported a small decline versus those who did not was
0.00 to 0.10 m/s, whereas the gait speed difference for sub-
stantial decline was 0.08 to 0.11 m/s. For SPPB, small de-
cline ranged from 0.27 to 0.55 points, whereas substantial
decline ranged from 0.99 to 1.88 points. For 6MWD, a
small decline ranged from 21 to 54 m, but substantial de-
cline could not be estimated in the REHAB Study, because
few participants had substantial self-reported decline on the

two SF-36 items, and the global mobility item was not col-
lected here.

Responsiveness and Sample Size Estimates for Clinical
Trials

Table 5 provides initial overall estimates for small and sub-
stantial change for the performance measures considered.
Because there is no known best statistic or mathematical
formula to allow for the combination of these estimates, the
recommendations were based on the general consistency
and tendencies found in the distribution- and anchor-based
results reported above, and a preference for rounded num-
bers was applied for ease of practical use. The RI using the
best estimates and the expected distributions of change was
then applied to estimate sample sizes for small and sub-
stantial change (Table 5). All estimates assumed a clinical
trial with an independent comparison of two groups at a
significance level of .05 and 80% power. For detecting small
meaningful effects, expected sample sizes ranged from 71 to
161 per group. For detecting substantial effects, expected
sample sizes ranged from 13 to 42 per group.

DISCUSSION

Initial estimates of the magnitude of clinically meaningful
change in physical performance measures can contribute to
the needs of clinical geriatrics and research in aging. Esti-
mates of small meaningful and substantial change in three
commonly used performance measures were provided,
based on state-of-the-art analytic techniques using data

Table 3. Number of Intervals and Unique Subjects with No, Small, and Substantial Change with Respect to Each Anchor

Predicting Elderly Performance Study

Stroke Rehabilitation Study

Small Small
No Meaningful Substantial At No Meaningful ~Substantial
At Floor Change Decline Decline Floor Change Decline Decline
Self-Report Anchor Intervals, n (Unique Subjects, n) Subjects
Short Form-36

Climbing one flight of stairs 113 (62) 1,222 (402) 181 (151) 17 (17) 17 45 13 2
Walking a block 132 (56) 1,306 (399) 144 (120) 17 (17) 9 57 6 2
Global mobility change — 1,437 (448) 106 (85) 108 (78) — — — —
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Table 4. Anchor-Based Meaningful Decline Estimates

4-Meter Gait Speed
Decline Difference

Self-Report Anchor (m/s) (PEP)

10-Meter Gait Speed
Decline Difference (m/s)

Short Physical
Performance Battery
Score Decline
Difference
(points) (PEP)

6-Minute Walk
Distance Change
Difference (m)

(REHAB) (REHAB)

Small meaningful change
SF-36 climbing one flight of 0.00
stairs (no change vs decline of
one level)
SF-36 walking a block (no
change vs decline of one level)
Global mobility change (no
change (—1to +1) vs small
decline (—2to —3))
Substantial meaningful change
SF-36 climbing one flight of
stairs (no change vs decline of
two levels)
SF-36 walking a block (no
change vs decline of two levels)
Global mobility change
(no change (—1to +1) vs
substantial decline (—4
to —7))

0.047

0.047

0.11"

0.08"

0.09°

0.01 0.27* 21

0.10 0.557 54

NA 0.48° NA

NA 1.88" NA

NA 0.997 NA

NA 0.99° NA

*.01<P<.05; " P<.01 with a subject random effect to account for several intervals from the same subject, if any.
SE-36 = Short Form 36; REHAB = Stroke Rehabilitation Trial; PEP = Predicting Elderly Performance Study; NA = anchor not available in data set or sample size too

small.

from diverse groups of older participants from observa-
tional and intervention studies.

As performance measures become part of usual care of
older adults, clinicians will need easy access to such criteria
to determine whether a change in performance in an indi-
vidual patient is meaningful. In research, such criteria

are useful in evaluating the clinical significance of an
intervention. Sample size heavily influences the statistical
significance of an improvement in performance in a clinical
trial. Clinically interpretable trial effects on performance
measures can be examined based on standards of meaning-
ful change by comparing the proportion of treatment and

Table 5. Overall Recommendations for Criteria for Meaningful Change and Sample Size Estimates Based on Responsive-

ness Index

Recommended
Criterion for
Performance Measure

Meaningful Change (A)

Number Needed
per Group for 80%
Power in a Between-Group
Comparison (n)

Estimated Standard
Deviation of Change
for Stable Subjects (o)

10-foot gait speed

Small meaningful change 0.05m/s

Substantial meaningful change 0.10m/s
10-m gait speed

Small meaningful change 0.05m/s

Substantial meaningful change 0.10m/s
4-m gait speed

Small meaningful change 0.05m/s

Substantial meaningful change 0.10m/s
Short Physical Performance Battery score

Small meaningful change 0.5 points

Substantial meaningful change 1 point
6-minute distance

Small meaningful change 20m

Substantial meaningful change 50m

0.11m/s 77
0.11m/s 21
0.15-0.16 m/s 142-161
0.15-0.16 m/s 37-42
0.12m/s 90
0.12m/s 23
1.48 points 138
1.48 points 35
45-53m 71-115
45-53m 13-20
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control groups who achieve change and calculating the
number needed to treat.?3 Finally, sample size estimates are
needed in the planning stage of research studies and should
be based on ability to detect an important level of change.
Sample size estimates in turn affect important trial aspects,
including cost, time, and recruitment plans.

A desirable characteristic of estimates of meaningful
change is whether that magnitude of improvement can be
realistically achieved. Although the anchor-based estimates
were derived from self-reported decline, distribution-based
estimates apply to improvement and decline, and the mean-
ingful change criteria appear achievable, because they are
comparable with the magnitudes of improvement reported
in recent research studies. In a study of home exercise
training, with and without additional group training, gait
speed increased 0.06 to 0.07 m/s.%* For SPPB change, con-
trolled exercise trials of mobility-limited older people and
community-dwelling elderly women yielded gains of as
much as 2.7 points.?’ Six-minute walk gains in two strength
and endurance training regimens in older subjects with
chronic obstructive pulmonary disease were 26 m and
34 m?® and was 30 m in a home-based exercise program.?”

This study had several strengths. Several data sets that
represent a range of performance in older adults and in-
cluded observational and intervention studies were used.
Because baseline variability heavily influences distribution-
based measures of change, it was possible to test assump-
tions about diversity on the estimates and look for consist-
ency between data sets and populations. Finally, several
different clinical anchors were used to evaluate consistency
of estimates. For anchors, indicators of change in current
status at two time points and transition measures such as
self-rated magnitudes of decline over a period of time were
employed. The gait speed estimates were the most robust,
because it was possible to use all data sets.

There is little information on the magnitude of mean-
ingful change in performance measures. One study esti-
mated the magnitude of small meaningful change in 6MWD
as 54 m in a sample of 112 patients with chronic obstructive
pulmonary disease.>® Ad hoc estimates of performance
change against S-year survival have previously been exam-
ined.?’

These effect estimates may not reflect populations that
are different from the one in the current study. They are
most relevant to populations of older adults with mild to
moderate mobility deficits. Such populations are frequently
seen in clinical geriatrics and are appropriate targets for
interventions to improve mobility. This study also was un-
able to estimate a small meaningful effect for the SPPB,
because its integer-valued scoring precludes individual
measurement of 0.5 points. Also, SPPB was available only
in the PEP study, and only the SF-36-based anchors were
available for estimates of change in 6MWD. The estimates
of change should be considered preliminary evidence and
will require further confirmation using other data and using
similar as well as additional analytic techniques. Finally,
Guyatt’s RI must be interpreted with care. It depends heav-
ily on A, which represents the effectiveness of an interven-
tion in a clinical trial setting. The greater the effectiveness of
an intervention, the greater the responsiveness of a partic-
ular measure. Therefore, it may be feasible to use a partic-
ular measure to detect a large effect with statistical

significance, but it may be impractical because of large
sample size requirements when attempting to detect a small
effect. The RI also heavily depends on o, a measure of be-
tween-subject variability in the population of interest. Guy-
att recommends estimating ¢ with “stable” subjects, which
can be interpreted as a suitable group of comparison sub-
jects who have not received the intervention of interest but
not necessarily stable across time. In a clinical trial setting,
the most feasible group of reference subjects may be found
in the control, nontreated, placebo group or the standard
treatment group.

In summary, as physical performance measures become
integrated into geriatric clinical care and research, famili-
arity with the meaning of these measures is essential. Per-
formance measures can now discriminate between older
adults in current and future health, function, and utiliza-
tion. This study has shown that they are capable of reflect-
ing important degrees of change over time and that
thresholds for meaningful change can be estimated. Like
vital signs such as body weight or blood pressure, perfor-
mance measures may offer a powerful mechanism to un-
derstand and act on the healthcare needs of older adults.
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