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Abstract

Objectives—Gait variability is an important indicator of impaired mobility in older adults;
however, little is known about the meaning of change in gait variability over time. This study
estimated clinically meaningful change in measures of gait variability using both distribution-and
anchor-based approaches.

Design—Community-based observational cohort study.
Setting—Bronx County and the research center at Albert Einstein College of Medicine.

Participants—Of 1148 participants in the Einstein Aging Study, 241 had quantitative gait
assessments in two consecutive years between 2001 and 2005.

Measurements—@Gait variables were collected using a 12-foot instrumented walkway as
participants walked at their normal walking speed. Gait variability was defined as the within-person
standard deviation (SD) across steps in two 12-foot walks. Distribution-based meaningful change
estimates used Cohen’s effect size (0.2 for small and 0.5 for moderate effects). Anchor-based
estimates were obtained using dichotomous and ordinal self-reported walking ability ratings as
anchors.

Results—Distribution based estimates for small and substantial changes of variability measures
were: stance time 0.005 and 0.014 s; swing time 0.003 and 0.009 s; step length 0.24 and 0.61 cm;
and step width 0.03 and 0.08 cm. Among those reporting no change in walking ability, measures of
gait variability were stable over one year. Among those reporting a decline in walking, stance time
and swing time variability increased. Among those reporting an improvement in walking, only step
length variability improved.

Conclusion—~Preliminary criteria for meaningful change are 0.01 s for stance time and swing time
variability and 0.25 cm for step length variability. These estimates may identify important changes
over time in both clinical settings and research studies.
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INTRODUCTION

METHODS

Gait variability, or fluctuations in gait characteristics from one step to the next, has recently
gained much attention.18 Gait variability is as an important indicator of impaired mobility in
community-dwelling older adults. Greater gait variability has been related to less confidence
in walking and lower levels of daily physical activity.3 In addition, gait variability has been
shown to be an independent predictor of future falls and incident mobility disability.1:2:4:9
However, little is known regarding the natural history of gait variability or how much change
is clinically meaningful. It is necessary to define meaningful change in variability such that
interventions aimed at improving gait variability can be evaluated appropriately. Such
estimates can be used to determine whether meaningful change in gait variability over time
has occurred in a patient in the clinical setting. In addition estimates of meaningful change are
used in sample size and power computations when planning studies of mobility in aging
populations and in evaluating results of studies with gait outcomes for practical significance
independent of statistical significance. The purpose of this study is to estimate clinically
meaningful change in measures of gait variability in a sample of community-dwelling older
adults using both distribution- and anchor-based approaches.

Study Population

Measures

Participants included ambulatory older adults who were participating in the Einstein Aging
Study (EAS), a community-based observational cohort study.10:11 Eligibility criteria for the
EAS were age 70 years and older, community-residing, and English speaking. Exclusion
criteria included severe audiovisual disturbances and being non-ambulatory, bed bound
because of illness. Between 1993 and 2005, 1148 subjects were enrolled. Subjects were
enrolled into the study after obtaining informed consent. Subjects were evaluated using study
protocols approved by the local institutional review board, at baseline and at annual follow-up
visits.10:11 The current study consisted of secondary data analysis of the EAS.

Quantitative gait assessments were started in the EAS in 2001. Of the 510 subjects seen between
2001 and 2005, 427 (84%) had quantitative gait assessment. Reasons for not obtaining
assessments included tester unavailability (n=53), subject illness (n=10) or refusal (n=20). Of
the 427, 251 (59%) had quantitative gait assessments at two consecutive yearly visits and were
eligible for the current study of meaningful change in gait variability. Individuals who walked
extremely slowly (< 40 cm/s) or had extreme amounts of gait variability (step length variability
> 20 cm and step width variability > 2.0 cm) were considered outliers (i.e. > 2 SD from the
mean) with specific and substantial pathology and were removed from the analyses (n=10),
leaving a final sample of 241 participants.

Quantitative gait assessment—Gait variables were collected using a 12-foot
instrumented walkway with embedded pressure sensors (GAITRite, CIR systems, Havertown,
PA). Participants were asked to walk on the mat in a well-lit hallway at their normal walking
speed two times. Start and stop points were marked by white lines and included a 3 foot distance
each for initial acceleration and terminal deceleration. Excellent reliability and validity for
GAITRIte assessments have been reported for subjects in EAS2and in other studies.13
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The gait assessment provides many different parameters; however, for this analysis the focus
was on gait speed and gait variability. Stance time was recorded as the time elapsed between
the first contact and the last contact of a footfall (i.e. the time the foot is in contact with the
ground). Swing time was recorded as the time elapsed between the last contact of the current
footfall and the first contact of the next footfall on the same foot (i.e. the time the foot is in the
air). Step length was measured from the point of initial heel contact of the current foot to the
point of initial heel contact of the previous footfall on the opposite side. Step width was
measured as the perpendicular distance from heel point of one footfall to the line of progression
of the opposite foot (Figure 1). Gait variability in each measure of gait was defined as the
within-subject standard deviation derived from all of the right steps recorded over two trials.
Greater values of stance time, swing time, and step length variability and lesser values of step
width variability are believed to be worse.1# In order to compare our sample to others in the
literature we also examined meaningful change in gait speed. Gait speed was calculated as the
average velocity across two trials based on distance divided by time and was reported in cm/
s.

Self-reported measures of walking ability—Self-report of walking ability was assessed
ateach assessment. Clinical research assistants asked two questions from a previously validated
mobility assessment questionnaire.1! The first was “Do you have any difficulty walking?” with
response options “yes” and “no”. The second was “ How far can you walk in an hour on level
ground?” with response options “less than a quarter mile”, “a quarter mile”, “a half mile to one
mile”, or “greater than a mile”. The change in response to the second question was re-classified
as no change, improvement, or decline. The individual questions used from the mobility

assessment questionnaire have established item reliability and validity. 11

Health Status—~Participants, family members, and caregivers were interviewed at study
visits about medical illnesses and activities of daily living. Cognition was assessed using the
Blessed Information Memory Concentration test15 and depressive symptoms were assessed
using the Geriatric Depression Scale.16 In a subset of participants (n=150), participants were
asked to rate their confidence in walking outside alone without falling on a scale from 0 (least
confident) to 10 (most confident).

Following the methodology used by Perera et al17 both distribution- and anchor-based
approaches were used to estimate clinically meaningful change in measures of gait variability
and gait speed. Values for meaningful change in gait speed have been reported previously.’
We decided to examine meaningful change in gait speed in addition to gait variability so we
could compare our sample to previous studies. Effect size (3) is a distribution-based method
for quantifying a difference between two means on a unitless standard scale, so that results
from the different measures or studies can be compared. In the setting where longitudinal
change is of interest, effect size is defined as 6=(u1—pp)/o1, where pq and pp respectively are
the means at baseline and follow-up, and o is the standard deviation at baseline.1® Guidelines
for interpreting an effect size suggest using 0.2 for small, 0.5-0.6 for moderate, and 0.8-1.0
for large changes.1? Distribution-based magnitudes for small and substantial changes in the
gait speed and variability measures were estimated as 0.261 and 0.501, respectively.17:19

The comparison of means method is an anchor-based approach that has been widely used in
the literature to estimate meaningful differences in a variety of quality of life measures, which
involves a simple comparison of mean performance changes between those who do and do not
report mobility change according to a gold standard anchor.17:20:21 |n the present report, the
mean change in gait speed and variability between those who do and do not self-report change
in difficulty walking and distance walked in 1 hour were examined separately for decline and
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improvement. Independent samples t-tests and analysis of variance were used to compare
measures of gait variability between groups of individuals (i.e. stable/declined/improved) and
paired t-tests were used to compare measures of gait variability between assessments within a

group.

Estimated magnitudes of change for the measures of gait variability were inspected for
consistency across approaches and anchors. If consistent, the overall criteria for small and
substantial change were based on a convenient rounded number near the center of the range of
computed estimates.

To further examine change in walking status, stair negotiation and walking confidence were
reported with respect to self-reported walking difficulty at baseline and follow-up. The
percentage of participants who reported difficulty climbing up stairs and coming down stairs
and the mean walking confidence score were examined between those who did and did not
self-report change in difficulty walking.

Mean age of the study participants was 80.3 years. Majority of the participants were Caucasian
(70%), female (57%) and rated their health as good or better (79%). At baseline, mean gait
speed was 96.1 cm/s and 64 participants (27%) reported difficulty walking (Table 1).
Hypertension and leg pain during walking were the most prevalent chronic conditions at
baseline and the percentage of participants reporting chronic conditions was similar at follow-
up (Table 1). Cognitive status (Blessed), depressive symptoms (Geriatric depression scale) and
activities of daily living (Lawton-Brody) were relatively unchanged from baseline to follow-
up. However, reported falls in the past year and fear of falling increased from baseline to follow-
up (Table 1). Mean time between baseline and follow-up visit was 11.8 months (SD= 1.6).

Estimates of meaningful change in gait variability based on a distribution approach

Estimates of meaningful change in standard deviations of stance time, swing time, step length,
and step width and gait speed based on the effect size approach are shown in Table 2.

Meaningful Change Using Anchor-Based Methods

Anchor-based methods for determining meaningful change are presented by direction of
change (ie. separately for improvement and decline). Table 3 presents findings based on
response to a yes/no question about difficulty walking and Table 4 based on the three-level
classification indicating the change in response to the question about how far the participant
could walk in an hour on level ground.

Difficulty walking—Fifty participants who reported no difficulty walking at baseline
reported difficulty at follow-up and were considered to have declined while 26 who reported
difficulty at baseline and no difficulty at follow up and were considered to have improved
(Table 3). In those with self-reported decline, compared to those who consistently reported no
difficulty at both times (n=127), the difference in gait speed change was 5.0 cm/second and
swing time SD change was 0.003 seconds. Effects were not consistent for the other measures
(Table 3). Among those who reported no difficulty walking, baseline variability in stance time,
swing time and step length were significantly worse among persons who subsequently reported
decline compared to those who continued to report no difficulty walking (Table 3; p=0.03,
0.03, and 0.01 respectively).

Among individuals who reported difficulty walking at baseline, 26 reported no difficulty at
follow-up and were considered to have improved while the remaining 38 continued to report
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walking difficulty (Table 3). Compared to persons who reported continued difficulty walking,
the majority of gait measures did not improve in the self-reported improvers. Only step length
variability decreased (the expected direction for improvement). Individuals who did not report
improvement had worse stance variability at baseline compared to those who reported
improvement (p=0.06). Participants who reported difficulty walking at both time points had
declines in gait speed, swing time variability and step length variability over time (Table 3)
(p=0.002, 0.02, and 0.03 respectively).

Distance walked—A sub-sample of the participants (138/241) had self-reported distance
walked in one hour at both time points. Based on the four level response to the question “how
far can you walk in an hour (on level ground)?” participants who reported the same distance
at baseline and follow-up were considered to be stable (n=67). In this group of “stable”
participants, measures of gait speed and gait variability were fairly consistent at baseline and
follow-up (Table 4) except for step width variability which increased over time (p=0.002).

Twenty- eight individuals reported walking a shorter distance at follow-up compared to
baseline and were considered to have declined (n=28). Compared to persons reporting stable
walking distance, individuals who reported decline, had a decrease in gait speed (5.9 cm/s) and
an increase in variability of stance time (0.010 s), swing time (0.15 s), and step length (.31 cm)
(Table 4).

Forty-three individuals reported the ability to walk a longer distance at follow-up compared to
baseline and were considered to have improved. Compared to those reporting stable walking
distance, the self reported improvers did not generally show a significant improvement in gait
measures, except for step length variability which improved (decreased) slightly over time
(0.17 cm).

Recommended Criterion for Meaningful Change

Because there is no known best statistic or mathematical formula to allow for the combination
of the multiple estimates obtained through different distribution- and anchor-based approaches,
the recommended criterion for meaningful change were based on the general consistency and
tendencies found in the analyses (specifically effect size based estimates, Table 2 and anchor-
based methods using self-reported walking distance as the anchor, Table 4), and a preference
for rounded numbers was applied for ease and practical use. Preliminary overall estimates for
meaningful change in measures of gait variability are 0.01 s for stance time and swing time
SD and 0.25 cm for step length SD. The estimates for step width SD were inconsistent across
methods, and cannot be summarized to yield an overall recommendation.

Change in Walking Status

In Table 5, stair negotiation and walking confidence are presented with respect to self-reported
walking difficulty at baseline and follow-up. Individuals who reported no difficulty walking
at baseline or follow-up (no difficulty, stable) remained relatively stable on self-reported stair
negotiation and walking confidence. Individuals who declined overtime on self-reported
difficulty walking also reported decline on stair negotiation and walking confidence.
Individuals who reported difficulty walking at baseline were also more likely to report
difficulty with stair negotiation compared to individuals who did not report difficulty walking
at baseline.

DISCUSSION

Based on the general consistency and tendencies found in the distribution- (Table 2) and
anchor-based (Table 4) approaches, preliminary overall estimates for meaningful change in
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measures of gait variability are 0.01 s for stance time and swing time SD and 0.25 cm for step
length SD. Our findings regarding change in step width were inconsistent. We treated step
width variability as a continuous variable and assumed that reduced step width variability was
a negative outcome. There is reason to suggest that both too little or too much step width
variability may be undesirable.! The nonlinear association between step width variability and
negative outcomes (i.e. falls) makes it very difficult to determine meaningful change using the
traditional statistical methods utilized in this manuscript.

Self-reported decline yielded conflicting results. There was increasing variability in stance
time, swing time, and step length with worsening self-report based on the four level question
about walking distance but not the dichotomous question about walking difficulty.
Interestingly, among persons who initially reported no difficulty walking on the dichotomous
question and those who subsequently reported decline had worse variability at baseline in
stance time and swing time. It may be that the yes/no format detects an at risk group cross-
sectionally while the four level ordinal response provides more information to detect change
over time.

Self-reported improvement in walking over a year was only related to improvement in step
length variability. Improvements in step length variability may precede improvements in stance
time variability. Spatial characteristics of walking, which can be directed by visual cues, are
likely to be a more obvious strategy for the walker than monitoring temporal aspects of gait.
Thus, perhaps the focus of the older walker who is improving their walking is on consistent
step length and not on consistent stance time. However, if walking continues to improve, stance
time variability might also improve. Previous investigators have also suggested a differential
neural control of spatial and temporal gait variables.3:6:22

Based on the effect size analysis, small gait speed change was 4.15 cm/s and substantial change
was 10.38 cm/s. These findings are very close to prior estimates of 5 cm/second for a small
meaningful change and 10 cm/second for a substantial change.1’ Likewise the small and
substantial change estimates reported for stance time variability are consistent with our
previous findings.2 In a sample of older adults from the Cardiovascular Health Study we had
demonstrated that a 0.01 s increase in stance time variability was associated with a 13%
increased risk of mobility disability.2 The consistency of our findings with previous findings
supports that our sample is comparative to other research samples of community-dwelling older
adults.

When interpreting the results a few factors need to be taken into consideration. First, the study
had a relatively small sample of volunteers (n=241) which is not representative of all
community-dwelling older persons. Participants with a range of mobility and health status were
included in this study thus increasing the variability of the results. In this study change was
examined only over a one year time period. The findings should not be generalized to greater
follow-up periods. This was a secondary data analysis of an observational cohort study. The
cohort study was not specifically designed to examine change in gait characteristics over time.
Lastly, change in gait characteristics were examined in relation to change in self-reported
walking, information about other factors that may have impacted mobility over time such as
hospitalizations or change in health status were not examined. However, self-reported change
in walking difficulty was also related to stair negotiation (self-reported) and walking
confidence thus providing support that a change in mobility status occurred.
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CONCLUSION

Preliminary criteria for meaningful change are 0.01 s for stance time and swing time variability

an

d 0.25 cm for step length variability. Further work is warranted in other preferably larger

samples to support our estimates of meaningful change in measures of gait variability.
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Figure 1.
Determination of step width.
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Table 1

Sample characteristics at baseline and follow-up (n=241)

Baseline Follow-up
Chronic conditions, n (%)
Diabetes 28 (11.6) 28 (11.6)
Hypertension 108 (45.8) 108 (45.8)
Myocardial infarction 17 (7.1) 17(7.1)
Stroke 19 (7.9) 19 (7.9)
COPD 6 (2.5) 6 (2.5)
Leg pain during walking 85 (35.3) 85 (35.3)
Fall past year 18 (7.5) 57 (23.7)
Fear of falling 50 (20.7) 74 (30.7)
Blessed, mean (sd) 21(24) 2.0(2.6)
Geriatric depression scale, mean (sd) 2.0(1.8) 2.2(2.0)
Lawton-Brody, mean (sd)
Functional status 2.9(1.6) 3.0(1.4)
Physical self-maintenance 5.7 (0.9) 5.7 (0.9)
Gait characteristic, mean (sd)
Gait speed, cm/s 96.1 (20.8) 93.8 (22.1)
Stance time, s .76 (.10) .76 (.11)
Swing time, s 42 (.05) .43 (.05)
Step length, cm 56.48 (9.18) 55.12 (9.85)
Step width, cm 9.86 (3.77) 10.17 (4.05)
Stance time SD, s .038 (.027) .039 (.029)
Swing time SD, s .027 (.016) .028 (.021)
Step length SD, cm 2.63 (1.22) 2.86 (1.69)
Step width SD, cm .37 (.16) .37 (.16)
Self-reported walking, n (%)
Difficulty walking 64 (26.6) 88 (36.5)
Distance walked in 1 hour, (n=138)
<Y mile 26 (18.8) 21 (15.2)
Y, mile 16 (11.6) 18 (13.0)
Y% to 1 mile 29 (21.0) 28 (20.3)
>1 mile 67 (48.6) 71 (51.4)
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Table 2

Effect size based estimates for change in gait characteristics

Effect Size?
Small Moderate
Gait speed (cm/s) 4.15 10.38
Stance time standard deviation (s) 0.005 0.014
Swing time standard deviation (s) 0.003 0.009
Step length standard deviation (cm) 0.24 0.61
Step width standard deviation (cm) 0.03 0.08

a . .
small effect size = 0.201 ; moderate effect size = 0.561
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Table 5

Stair negotiation and walking confidence by self-reported difficulty walking at baseline and follow-up

No Baseline Walking Had Baseline Walking
Difficulty Difficulty
Follow-up difficulty walking No Yes No Yes
Stable Declined Improved Stable
(no difficulty) (difficulty)
N=127 N=50 N=26 N=38
Difficulty climbing up stairs, %
Initial 28% 36% 54% 63%
Follow-up 27% 76% 64% 82%
Difficulty coming down stairs, %
Initial 6% 8% 15% 29%
Follow-up 17% 52% 39% 61%
Walking confidence, mean (SD) N=80 N=34 N=11 N=25
Initial 9.8 (0.6) 8.8 (1.6) 8.8 (1.9) 7.7 (2.5)
Follow-up 9.4 (1.2) 7.9 (2.4) 9.2 (15) 7.3(2.6)
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