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Abstract
Objective—Performance measures provide important information, but the meaning of change in
these measures is not well known. The purpose of this research is to 1) examine the effect of
treatment assignment on the relationship between self-report and performance; 2) to estimate the
magnitude of meaningful change in 400-meter walk time (400MWT), 4-meter gait speed (4MGS),
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and Short Physical Performance Battery (SPPB) and 3) to evaluate the effect of direction of
change on estimates of magnitude.

Design—This is a secondary analysis of data from the LIFE-P study, a single blinded
randomized clinical trial. Using change over one year, we applied distribution-based and anchor-
based methods for self-reported mobility to estimate minimally important and substantial change
in 400MWT, 4MGS and SPPB.

Setting—Four university-based clinical research sites.

Participants—Sedentary adults aged 70–89 whose SPPB scores were less than 10 and who were
able to complete a 400MW at baseline (n=424).

Interventions—A structured exercise program versus health education.

Measurements—400MWT, 4MGS, SPPB.

Results—Relationships between self-report and performance measures were consistent between
treatment arms. Minimally significant change estimates were 400MWT: 20–30 seconds, 4MGS:
0.03–0.05m/s and SPPB: 0.3 – 0.8 points. Substantial changes were 400MWT: 50–60 seconds,
4MGS: 0.08m/s, SPPB: 0.4 – 1.5 points. Magnitudes of change for improvement and decline were
not significantly different.

Conclusions—The magnitude of clinically important change in physical performance measures
is reasonably consistent using several analytic techniques and appears to be achievable in clinical
trials of exercise. Due to limited power, the effect of direction of change on estimates of
magnitude remains uncertain.
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Introduction
Given the power of physical performance measures to reflect concurrent and future health,
functioning and health care utilization among older adults, such measures are increasingly
incorporated into many types of studies of aging (1–4). As novel interventions are developed
to improve health in aging, physical performance measures have the potential to serve as
primary indicators of benefit in future clinical trials. However, to be accepted as outcome
measures, the clinical meaning of change in these measures must be understood. Previous
reports have begun to estimate the magnitude of meaningful change in order to understand
the meaning of change over time in performance measures (5).

However, important gaps in knowledge about meaningful change in performance remain.
First, many interventions that are important for the health of older adults, such as exercise,
are not amenable to participant blinding (6–9), so that knowledge of treatment assignment
might influence the relationship between self-reported measures of change and physical
performance estimates of change. Second, prior estimates have been based on either
observational studies or small clinical trials, and no estimate has been provided for
meaningful change in the 400-meter walk. Data from larger clinical trials are needed to
provide robust and more precise estimates. Third, the direction of change might influence
the magnitude of what is meaningful. For example, an important improvement might be
larger or smaller than an important decline. While standard distribution-based methods
assume symmetry of response, anchor-based methods of estimating meaningful change can
be used to compare magnitudes in each direction (10, 11).
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Due to its size, use of performance measures and wide range of change effects, the Lifestyle
Interventions and Independence for Elders Pilot Study (LIFE-P) provides a unique
opportunity to address these important gaps in knowledge and help prepare for future
clinical trials that use performance measures as endpoints. The purpose of this analysis is to
1) examine the consistency of relationships between self-reported and performance
measures between intervention groups, 2) estimate the magnitude of meaningful change in
400-meter walk time, gait speed, and Short Physical Performance Battery (SPPB), and 3)
evaluate the effect of direction of change on estimates of magnitude.

Methods
Data Source

We used data from the Lifestyle Interventions and Independence for Elders Pilot (LIFE-P)
study. LIFE-P was a multi-center, single-blind, randomized trial of a physical activity
intervention versus health education in 424 sedentary older adults aged 70 to 89 years.
Participants were required to demonstrate increased risk of future mobility disability by
having a Short Physical Performance Battery (SPPB) score of 9 or less (12), but also to
retain adequate mobility at baseline as demonstrated by capacity to complete a 400-meter
walk in 15 minutes or less (13). The study design, protocol, inclusion and exclusion criteria,
the contents of physical activity and health education interventions, and baseline
characteristics of the subjects were described in detail elsewhere (14–16). This study was
reviewed and approved by Institutional Review Board at University of Florida.

Performance Measures
Performance measures assessed include 400-meter walk time (2, 17), 4-meter walk speed
(13, 18), and Short Physical Performance Battery (SPPB) (12, 13). Four-hundred-meter
usual pace walk time and 4 meter gait speed were calculated in ‘seconds’ and ‘meters per
second’, respectively. Four meter gait speed was measured from a standing start. The SPPB
score consists of three domains: standing balance, walking speed, and repeated chair rises
and yields an integer score ranging from 0–12, with each domain contributing 0–4 points.
Higher scores indicate higher levels of functioning (12). For these analyses, baseline to 12-
month change was calculated.

Anchors, Self-Reported Mobility
For this study, we selected self-reported indicators of mobility as anchors, because they
represent the participant’s perspective of a construct closely related to lower extremity
performance measures, one of the essential criteria for a valid anchor for estimating
meaningful change (10). Self-reported mobility status was assessed with the following three
separate questions from Disability Questionnaire; “Because of your health, how much
difficulty do you have walking a quarter of a mile, which is about 3 or 4 blocks?”, “Because
of your health, how much difficulty do you have walking several blocks?”, and “Because of
your health, how much difficulty do you have climbing one flight of stairs?” Participants
responded using a five level Likert scale: ‘No difficulty’, ‘a little difficulty’, ‘some
difficulty’, ‘a lot of difficulty’, and ‘unable to do the activity’. Participants who answered
‘did not do for other reasons’, and ‘don’t know/refused’, were not included in the analyses.
We operationally defined 5 levels of change over time in self-reported mobility: a) no
change; b) small decline (a decrease of one point), c) substantial decline (decrease of 2 or
more points); d) small improvement (an increase of one point); and e) substantial
improvement (increase of 2 or more points). Participants whose baseline and 12-month
responses were both at the ceiling (no difficulty) or floor (unable to do the activity) were
removed from the analyses because it would not be possible to detect change beyond the
ceiling or floor.
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Meaningful Change Analysis
We used both distribution-based and anchor-based methods to obtain estimates of
meaningful change in each of the three physical performance measures.

Distribution-Based Methods—We used the effect size method and standard error of
measurement (SEM). The effect size is defined as δ = (μ12-month − μbaseline)/σbaseline, where
μ is the mean and σ is the standard deviation of each performance measure. An effect size of
0.2 is considered small, or the minimal value for meaningful change and 0.5 is considered
moderate, or substantially meaningful (19, 20). By inverting this formula, mean differences
over time corresponding to small and moderate effect sizes were obtained as 0.2×σbaseline
and 0.5×σbaseline. SEM was computed as √1−γ, where γ is the test-retest reliability of the
performance measure (21). SEM only yields a single estimate which can be considered a
reflection of meaningful change. Test-retest reliability estimates were obtained from the
literature for 4m gait speed (0.94) and SPPB (0.9) (22, 23), and from personal
communication (Dr. Pahor and Dr. Cesari) for the 400m walk time in seconds (0.904). Since
distribution-based methods assume symmetry, they were used to estimate magnitudes of
meaningful change without respect to direction of change.

Anchor-Based Method
Consistency of relationships between self-report and performance measures: Because
lack of blinding might differentially affect the relationship between change in self-reported
and performance measures between the two intervention groups, we first assessed whether
estimates of meaningful change using anchor based methods differed by treatment arm. We
fitted a two-way analysis of variance model with each performance measure change as the
response variable, and treatment group, self-reported anchor change and their interaction as
factors of interest. Evidence that the performance measure-anchor association varied
between the two treatment groups was based on assessment of the statistical significance of
the interaction term.

Calculation of meaningful change: We estimated the mean performance change for each
of the three performance measures for each of the 5 levels of self-reported anchor change.
We then calculated the difference between the magnitudes of performance change for those
self-reporting “no change” to each of the other four anchor change groups. These differences
yield estimates of the anchor-based magnitude of substantial decline, minimally meaningful
decline, minimally meaningful improvement and substantial improvement in physical
performance.

Symmetry test: In order to determine whether anchor-based estimates of meaningful
change were similar by direction of change, we fitted a one way analysis of variance model
for each performance change measure using the self-reported anchor change as the main
factor of interest with appropriately constructed contrasts of means to compare magnitudes
across directions of change.

Results
The baseline characteristics of the total study sample are described in table 1. Sample sizes
for individual analyses vary based on the methods and anchors used. The population was
diverse in gender and ethnicity. Based on study eligibility, at baseline all had physical
performance limitations but were able to walk 400 meters in 15 minutes or less. Over half of
participants reported no baseline difficulty with any of the three self reported mobility
anchors. Of the 424 who were assessed, at baseline, 4m gait speed was missing in 4
participants. At 12 months 68 (16%) did not have 400 meter walk data, 40 (9%) did not have
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gait speed, and 26 (6%) did not have SPPB data. Subjects without 12-month data were not
significantly different in age or gender from those who did. Baseline 400-meter walk time
was shorter for participants who had data at 12 months (475.9 ± 102 seconds) compared to
those who did not (566.3 ± 139 seconds) (p<.0001), but baseline 4-meter gait speed (0.74 ±
0.16 vs 0.73 ± 0.12 meters per second) and SPPB (7.5 ± 1.4 versus 7.3 ± 1.4 points) were
not statistically different.

Characteristics of change in physical performance and self-reported mobility
Figure 1 shows the distribution of change over 12 months in each of the three performance
measures. Figure 2 illustrates how the 5 levels of self reported change were operationally
defined and provides sample sizes for each level of self-reported change for each anchor.
Participants who reported ‘no difficulty’ or ‘unable to do the activity’ at both baseline and
12 months were excluded from our analyses because no further change can be detected
when the self-report scale lacks further discrimination, e.g., ceiling and floor effects. Note
that many participants reported mobility at the ceiling both at baseline and 12 months, and
therefore could not be analyzed. Participants who did not complete the 400m walk at 12
months were excluded from 400m walk time analysis because no change could be
calculated. A small number of individuals with missing data for main anchors or other
performance measures were excluded from relevant analyses. Despite these exclusions,
there were adequate numbers (n=18–68 per cell) to proceed with estimates of change.

Effect of lack of participant blinding on anchor based estimates of change
There were no significant interaction effects between treatment group and the relationship
between self-reported and performance change. The p-values for the nine interaction terms
(combinations of three performance measures and three anchors) were 0.1 – 0.9. Since
effects were similar across treatment groups, all subsequent analyses used pooled data from
both treatment arms.

Meaningful change estimates by distribution-based methods
See Table 2 for estimates of small (minimally meaningful) and moderate (substantially
meaningful) change in physical performance using the effect size method and meaningful
change using the SEM method. The estimates using the SEM methods consistently fell in
between the estimates for the two magnitudes of change using the effect size method.

Meaningful change estimates by anchor-based methods
In Figure 3, the average magnitude of change from baseline to 12 months for each of the
three physical performance measures is presented for each of the three mobility anchors.
Within each of the 9 analyses, the mean performance change for each of the 5 self-reported
change levels (for example, substantial decline, small decline, no change, small
improvement, substantial improvement) is represented by a single bar. In general, as anchors
proceeded from substantial decline to substantial improvement, the height of the bars
trended consistently in the expected direction, with isolated exceptions. We noticed that the
average magnitude of change in physical performance among persons who self-reported ‘no
change’ was usually not zero, and represented slight improvements for gait speed and SPPB,
and slight worsening for 400 meter walk time. Table 3 presents the estimates for the
magnitude of meaningful change in each performance measure corrected for the value of
physical performance associated with self-report of no change, so that each estimate
represents the mean for a level of self-reported change minus the mean for those with a self-
report of no change. These estimates based on anchor-based approaches can be compared to
the estimates based on distribution-based approaches in table 2. Estimates from the two
approaches fell into similar ranges with the exception of the SPPB where substantial decline
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was much larger with the anchor-based method than with the distribution-based method.
Taken together, the best estimates for minimally (or small) meaningful change appeared to
be 20–30 seconds for 400m walk time, 0.03–0.05m/s for 4m gait speed, and 0.3 – 0.8 points
for SPPB. For substantial change, estimates were in the range of 50–60 seconds for 400m
walk time, 0.08m/s for 4 m gait speed and 0.4 – 1.5 points for SPPB.

Symmetry of meaningful change between decline and improvement
In table 3, symmetry can be assessed by comparing estimates of the magnitude of
performance change associated with self-reported mobility change between states of decline
and improvement. Formal statistical tests of symmetry did not detect significant differences.
The statistical tests may have lacked sufficient power due to inadequate sample size.

Discussion
The clinical meaning of change in measures must be understood in order to interpret effects
over time in observational studies and clinical trials. Since physical performance measures
are becoming preferred indicators of health and function in older adults, it is essential to
develop supportive evidence for their use as measures of change. This study contributes to
this purpose with the novel finding that in a single blinded clinical trial, the relationship
between self-report and performance measures was consistent between two intervention
groups. Furthermore, this study provided estimates of the magnitudes of performance
change based on clinical trial data. Estimates for gait speed and SPPB appeared to be in the
same range as earlier calculations from smaller studies (5). This report provided the first
estimates for meaningful change in 400 meter walk time.

This study had several strengths. It was based on longitudinal rather than cross sectional
data, making estimates of change more valid and reliable (21). The data came from a large
multi-site clinical trial that targeted a population of older adults with mild to moderate
mobility limitations. This was a population at high risk of future disability, and therefore
likely to be the target of future clinical trials. Research on this population is likely to provide
estimates that may be generalizable and useful in future studies. In contrast to observational
studies, where performance tends to decline over time and improvement is uncommon, the
LIFE-P intervention increased the potential to improve performance, and allowed both the
magnitudes of improvement and decline to be estimated. The LIFE-P trial also used
meticulous training protocols and quality assurance methods to produce highly reliable
performance measures, reducing noise and error in the data. The analyses performed here
use state of the art approaches to estimates of meaningful change and the sample size
allowed us to compare effects in subgroups based on treatment arm and direction of change.

We used two analytic methods, two magnitudes of change and multiple indicators of self
perceived mobility in our work. Anchor-based methods have strong face validity for clinical
meaning because they are based on a clinical perception of change while distribution-based
methods have optimal capacity to maximize precision (24). The combined use of both
methods has been recommended as the best approach to balance clinical meaning and
precision (24). We calculated two levels of change; minimally important and substantial.
The minimally (clinically) important difference (M(C)ID), has been used traditionally to
estimate power and sample size (10, 11, 24). We believe, however, that a larger magnitude
of change; one that is considered substantial by patients or moderate by effect size estimates,
is valuable. In the clinical arena, changes in health and function are perceived as smaller or
larger; and larger changes might be more valued or worth more effort than smaller changes
(25). A clinical trial that achieves a substantial rather than a minimally important change
might be considered to have had a greater effect. We used multiple anchors, as has been
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recommended by others, in order to seek consistency across individual items and increase
the robustness of our conclusions (24, 25).

This study has limitations. Our self-reported mobility anchors appeared to have significant
ceiling effects since over half of participants had to be excluded from some of the analyses
because they reported “no difficulty”. This led to reduced sample sizes and lower precision
in some cases. Newer self-reported mobility items that include degree of ease as well as
degree of difficulty, such as those used in the Health, Aging and Body Composition Study
(Health ABC) (2), may expand the ability to detect change, especially improvement, in
performance measures. The study had small to moderate rates of missing data at 12-month
follow up. It is possible that our estimates might be biased by this censoring. Despite the
large sample size of the LIFE-P trial, it was still inadequate to reliably estimate the
magnitude of improvement versus decline and we are unable to state with certainty whether
symmetry can be assumed.

We made assumptions about the magnitude of change in ordinal anchor measures that could
be considered minimally detectable or substantial. This problem is inherent when using
ordinal measures which have no defined magnitude between levels. We arbitrarily defined a
one level change in degree of difficulty as minimally detectable change and a change of two
or more levels as substantial change. This approach has been recommended by others to
create more than one level of change (25). We acknowledge that we did not account for
differences in baseline degree of difficulty; for example, a one level change could occur
from “no difficulty” to “a little”, or from “a little” to “some”. Further insights into the effect
of baseline status on estimates of change require much larger sample sizes. Rasch analysis of
ordinal data could help calibrate the distance between ordinal points, as has been done with
other mobility scales (26).

Interestingly, the relationship between self reported “no change” and the magnitude of
change in the three performance measures was not consistent. When subjects reported “no
change”, the mean 400m walk time was slightly worse but the mean gait speed and SPPB
were slightly better. (Figure 3) We do not know why these effects were discordant.

Finally, this study, like a prior study of meaningful change, yielded estimates of minimally
significant meaningful change in SPPB that were smaller than a one unit change in the score
(5). While a meaningful change of less than one point could not be detected in an individual,
it could be used for groups. For example, differences in between-group mean change can be
used for power estimates or for interpreting the importance of intervention effects.

In order to enhance the utility of performance measures in research and clinical care of older
adults, further work on meaningful change is needed. Future studies could examine the
consistency of estimates of meaningful change across subgroups based on demographics,
initial health or functional status, as well as in subgroups with intercurrent events such as
beneficial treatments or adverse health events.

While clinically meaningful change has traditionally referred to change that is detectable to
patients, significant others, or providers, subclinical change can be important when it
predicts future clinically relevant states. For this reason, additional research should assess
the effect of change on future events such as hospitalization, mobility disability and survival.
We hope that the estimates provided here will be of assistance to both the developers and
users of physical performance data so that the mobility, health and function of older adults is
improved.
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Conclusion
Clinical trials without blinded participants can assume the magnitude of meaningful change
is consistent between intervention groups. The first estimates of important change for the
400-meter walk are presented and estimates for gait speed and SPPB are consistent with
prior studies. The effect of direction of change on estimates of magnitude remains uncertain.
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Figure 1.
Distribution of Change over 12 months in Three Measures of Physical Performance
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Figure 2.
Definitions and Distribution of Change over 12 months in Self-reported Mobility Anchors
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Figure 3.
Absolute Magnitude of Change over 12 Months in Three Physical Performance Measures by
Level of Self-reported Change in Three Mobility Anchors
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Table 1

Baseline Characteristics of Participants in the LIFE-P study by Treatment Arm

Physical Activity N= 213 Successful Aging N= 211 All

Age (n and %)

 < 80 years 160 (75%) 149 (71%) 309 (73%)

 ≥ 80 years 53 (25%) 62 (29%) 115 (27%)

Gender, female (n and %) 146 (69%) 146 (69%) 292 (69%)

Race (n and %)

 White 160 (75%) 155 (74%) 315 (74%)

 African American/Black 37 (17%) 40 (19%) 77 (18%)

 Others 16 (8%) 16 (8%) 32 (8%)

Performance measures (mean ± SD)

 400m walk time (seconds) (n=424) 489.74 ± 113.78 491.09 ± 113.82 490 ± 113.67

 4m walk speed (m/s) (n=420) 0.73 ± 0.15 0.75 ± 0.17 0.74 ± 0.16

 SPPB score (n=424) 7.57 ± 1.45 7.46 ± 1.38 7.52 ± 1.42

Anchors (n)

 Walk a quarter mile

  no difficulty 111 110 221

  a little difficulty 52 42 94

  some difficulty 26 32 58

  a lot of difficulty 12 10 22

  unable to do the activity 2 2 4

 Walk several blocks

  no difficulty 116 115 231

  a little difficulty 36 27 63

  some difficulty 22 27 49

  a lot of difficulty 15 12 27

  unable to do the activity 3 2 5

 Climbing stairs

  no difficulty 115 106 221

  a little difficulty 49 57 106

  some difficulty 31 32 63

  a lot of difficulty 14 12 26

  unable to do the activity 0 2 2
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Table 2

Meaningful Change Estimates in Three Physical Performance Measures using Two Distribution-based
Methods

Standard Error of Measurement method
meaningful change

Effect size method

small (minimally meaningful)
change substantial change

400m walk time (seconds) 35.22 22.73 56.83

4m gait speed (m/s) 0.04 0.03 0.08

SPPB (points) 0.45 0.28 0.71

test retest reliability: 400 meter walk time: 0.904 (personal communication- see text); 4 meter gait speed: 0.94 (Ostir et al., J Clin Epidemiol, 2002);
SPPB: 0.9 (Rolland et al., J Am Geriatr Soc., 2004)
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