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Abstract

Background and Purpose—Mobility disability is a serious and frequent adverse health
outcome associated with aging. Early identification of individuals at risk for mobility disability is
important if interventions to prevent disability are to be instituted. The objectives of this
prospective study were to: 1) determine the magnitude of stance time variability (STV) that
discriminates individuals who currently have mobility disability (prevalent mobility disability) and
2) determine the magnitude of STV that predicts a new onset of mobility disability at one year
(incident mobility disability).

Methods—552 community-dwelling older adults were evaluated as part of the Cardiovascular
Health Study, a longitudinal cohort study. Stance time, in milliseconds (ms), was determined from
2 passes on a 4-meter computerized walkway at self-selected walking speed, and STV was defined
as the standard deviation (SD) from approximately 12 individual steps. Mobility disability was
defined as self-reported difficulty walking a half mile. Receiver operating characteristic (ROC)
curves were plotted to determine an optimal cutoff value for stance time variability for prevalent
and incident mobility disability, and the area under the ROC curve was computed.

Results—The optimal cut-off score for STV (maximizing sensitivity and specificity) for
prevalent mobility disability was 0.037 sec(sensitivity = 65%, specificity = 65%, AUC = 0.70) and
for incident 1 year mobility disability was 0.034 sec(sensitivity = 61%, specificity = 60%, AUC =
0.65). The use of likelihood ratios demonstrated a gradient of risk across values of STV, with
mobility risk increasing as values of STV increased.

Discussion and Conclusion—Values of STV may be useful in identifying older adults with
mobility disability and at risk for future disability. We recommend the more conservative estimate
for identifying risk, STV=0.034 s, which maximizes the sensitivity and minimizes false negatives.
The relatively modest values on the validity indices could possibly be improved by increasing the
reliability of the measurement of STV. Clinicians should interpret the cut-off values liberally and
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use STV in conjunction with other measures until further work is completed to validate STV as an
indicator of mobility disability.
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INTRODUCTION

METHOD

Gait variability, defined as fluctuations in gait characteristics from step to step, has been
shown to be related to future falls and mobility disability in older adults.1~* Specific
measures of gait variability can reflect any of a number of spatial (step length, step width) or
temporal (stance time, stride time) gait characteristics. Prior studies have reported on step
length,*-5 step width,5-9 stride time®7:10 and stance time2:19 variability. Stance time
variability (i.e. the variability in the time from initial foot-floor contact until final foot-floor
contact) has been shown to be related with the central nervous system and psychomotor
function,11 and with future mobility disability.2 Brach et al. (2007) investigated the ability of
stance time variability (STV) to predict incident mobility disability (self-reported ability to
walk %2 mile) in a cohort of community-dwelling older adults. Greater STV was found to be
related to incident mobility disability; however a specific cut-point of STV related to
mobility disability was not established.?

Physical therapists often perform evaluations on their patients to guide clinical decision
making for current intervention and prevention of future disability. In order for STV to be a
useful indicator of mobility disability, the magnitude (cut-point) of STV that discriminates
mobility disability must be determined. A cut-point of STV would provide useful diagnostic
and prognostic information to clinicians for distinguishing patients with current mobility
disability problems and for assisting in predicting which patients are at risk for developing
future mobility disability. Developing the measure of STV is accomplished by establishing
the construct and predictive validity for mobility disability using validity indices [sensitivity,
specificity, receiver operating characteristic (ROC) curve and area under the curve (AUC)]
to establish meaningful cut-point values.

Mobility disability is a serious and frequent adverse health outcome associated with aging
and is often a result of chronic disease.1? Establishing a specific value of STV that can be
used to identify and predict mobility disability and who may benefit from interventions to
improve gait variability would provide physical therapists with a valuable clinical tool for
early detection and intervention of this serious health outcome.

The purpose of this study was to: 1) determine the magnitude of STV that discriminates
individuals who currently have mobility disability (prevalent mobility disability) and 2)
determine the magnitude of STV that predicts a new onset of mobility disability at one year
(incident mobility disability).

Study Design

This study is based on a subsample of participants in the Cardiovascular Health Study
(CHS). The CHS is a population-based, ongoing longitudinal multi-center study of coronary
heart disease and stroke risk in community-dwelling older adults age 65 years and older.13.14
At the initiation of the CHS in 1989-90, individuals were identified from the Health Care
Financing Administration sampling frame using age and gender stratified random samples.
Individuals who were 65 years or older, non-institutionalized, expected to remain in the area
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for 3 years and able to give informed consent were included in the study. Individuals who
were wheelchair- dependent in the home or were receiving hospice care, radiation therapy or
chemotherapy for cancer were excluded.1314 In 1989-90 an original cohort of 5201
predominately Caucasian (i.e. > 95% Caucasian) men and women were enrolled, and in
1992-93 a cohort of 687 African Americans was added. The study was approved by the
University of Pittsburgh Institutional Review Board and all subjects signed informed
consent prior to participation.

Study Participants

Participants in the current study included men and women who attended the 1998-99 clinic
visit for the CHS at the Pittsburgh site (considered baseline for this analysis), who could
walk without the assistance of another person, and who could follow directions to complete
the gait assessment. Individuals who used an assistive device were included if they could
ambulate without the assistance of another person and if they did not have loadbearing
restrictions. Of the 610 people who attended the 1998-99 clinic visit, 552 (90%) met then
inclusion and exclusion criteria for the current study.

Assessments

Stance Time Variability—The GaitMat 11™ system was used for the gait analysis.1® The
GaitMat I1™ consists of an approximately 4-meter long walkway on which the subject
walks and a computer system which controls the GaitMat 11™ and analyzes the data. In
addition to the 4-meter long walkway, there are initial and final one meter inactive sections
to allow for acceleration and deceleration of the participant. The GaitMat II™ is an
automated gait analysis system based on the opening and closing of pressure sensitive
switches which are represented on the computer screen as footprints when the participant
walks on the walkway. After two practice passes on the GaitMat 11™, each participant
completed two passes on the GaitMat 1™ at their self-selected walking speed for data
collection.

Stance time was determined as the time one foot was in contact with the floor (i.e. from
initial foot-floor contact until final foot-floor contact). The standard deviation of stance time
determined from all of the right and left steps recorded over 2 passes, approximately 10-12
steps, was calculated for each person and used as the measure of STV. This measure of STV
has fair test-retest reliability.16

Mobility Disability—Mobility disability was assessed by interview based on self-reported
ability to walk one-half mile.17-19 At baseline (the time of the gait assessment) participants
were asked “Do you have difficulty walking one-half mile?” Individuals who reported
difficulty walking one half mile at baseline were classified as having prevalent mobility
disability. Participants were contacted by telephone one year after the baseline to once again
determine mobility disability status. Participants were asked “Have you had a change in
your ability to walk a half mile, about 5 or 6 blocks?” Individuals who reported having a
change in their ability to walk a half mile were asked a follow-up question to determine how
their walking ability changed. Response categories were less difficulty walking, new onset
of difficulty walking, more difficulty walking, and can no longer walk. Only individuals
who did not report mobility disability at baseline were included in the incident mobility
analyses. Individuals who at baseline reported no difficulty walking one half mile and then
reported a new onset of difficulty walking, more difficulty walking, or no longer able to
walk were classified as having /ncident mobility disability. The few individuals who
reported an improvement in their walking following a report of no difficulty walking were
classified as having no difficulty walking a half mile.
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Data Analysis

Sensitivities and specificities were calculated using established methods2? from the numbers
at each value of STV and plotted as an ROC curve for each mobility disability outcome.
Sensitivity was plotted on the y-axis and 1-specificity was plotted on the x-axis. The area
under the curve (AUC) was obtained. Sensitivities and specificities were reported for the
optimal value, the value of STV that was closest to the upper left-hand corner of the graph,
determined from the ROC curve (i.e. the value that maximizes both sensitivity and
specificity and when the relative costs of misclassification were considered to be equal) and
for two additional values in which either sensitivity or specificity were maximized, without
completely sacrificing the other (i.e. the value was above 0.50).

Positive and negative predictive values were calculated for the three cutoff values described
above. The positive predictive value (PPV) is the number of subjects with the condition who
test positive divided by the number of subjects with positive test results. The negative
predictive value (NPV) is the number of subjects without the condition who test negative
divided by the number of subjects with a negative test result. Both the PPV and the NPV are
presented as a percentage.

The positive likelihood ratio is the likelihood that a positive test result was found in an
individual with, as compared to an individual without, mobility disability and is calculated
as [sensitivity/(1-specificity)]. For the positive likelihood ratios, values of STV were
grouped into 9 intervals for prevalent mobility disability and 6 intervals for incident 1 year
mobility disability. Each STV interval was 0.005 secwide with values <0.019 secand >0.066
(for prevalent disability) and < 0.022 secand >0.045 sec(for incident disability) placed into
one category because of small cell sizes. The formation of the intervals was initiated by first
determining the optimal cut-off value from the ROC curves. The percentage of individuals
with mobility disability in each interval was calculated as the number of individuals with
mobility disability in an interval divided by the total number of individuals in the interval to
quantify the risk gradient across the intervals for both prevalent and incident mobility
disability. The positive likelihood ratio and the 95% confidence interval were calculated for
each interval of STV for each outcome of mobility disability. A likelihood ratio of 1.0
indicates no additional risk prediction from the use of a test and is equivalent to a test in
which sensitivity and specificity are both 50%.

Baseline subject characteristics are shown in Table 1. The mean age of the sample was 79.4
years (SD=4.1), 60.9% were female and 22.8% were African American. The perceived
health of the sample was quite good, with 31.5% reporting their health as very good or
excellent and 54.7% reporting their health as good. The sample had good mobility with only
63 of the 552 participants (11.4%) using an assistive device and a mean gait speed of 1.01
m/s (SD=0.23).

Of the 552 individuals included in the study, 125 or 22.6% reported difficulty walking one
half mile at baseline and were classified as having prevalent mobility disability. Of the 427
individuals who did not report mobility disability at baseline, 399 individuals had 1-year
follow- up mobility disability data available (28 or 7% lost to follow-up). Of these 399
individuals, 59 or 14.8% reported difficulty walking one half mile at the 1 year follow-up
(incident mobility disability).

As determined from the ROC analysis, the optimal cut-off score for STV (maximizing
sensitivity and specificity) for prevalent mobility disability was 0.037 sec (AUC = 0.70) and
for incident 1 year mobility disability was 0.034 sec(AUC = 0.65); figures 1 and 2.
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Sensitivity and specificity values for mobility disability at the optimal cut-off value
determined from the ROC curve and for additional values of STV that maximize either
sensitivity or specificity and positive and negative predictive values are shown in Table 2.

Across the intervals of STV for the outcome of prevalent mobility disability (Table 3), the
risk for disability increased as the values of STV increased: disability risk (for each range of
STV the number of participants with mobility disability/number of participants at that range
of STV) started at 3% (1/40) for STV <0.019 sec and increased for each consecutively
higher band at 13% (11/87), 14% (15/105), 21% (17/80), 26% (18/69), 29% (13/45), 33%
(14/43), 40% (12/30), and 53% (24/45) for STV values > 0.066 s. The data correspond to
likelihood ratio estimates demonstrating an increased risk for disability from baseline risk
with STV values 0.037 to .042 (likelihood ratio = 1.21) and increasing progressively as the
values of STV increase.

For the outcome of incident 1 year mobility disability (Table 4), the risk for disability also
demonstrated an overall increasing gradient from the lowest to the highest STV values with
some fluctuation of values at the middle intervals: disability risk was 5% (3/66) for STV
values <.022 secand increased for each higher band at 14% (13/90), 10% (6/61), 13% (8/62),
20% (8/41), and 27% (21/79) for STV values >0.045 s. The transition point for increased
risk according to likelihood ratios started at STV values of 0.040-0.045 sec(likelihood ratio
= 1.4), and there was increase for values > 0.045 sec(likelihood ratio = 2.12).

DISCUSSION

Diagnosis is a process in which patient data are collected and evaluated in order to classify a
condition, determine prognosis, and identify possible interventions.2! Diagnostic tests, such
as STV, can be used to assist in the classification process. We identified two different values
of STV for identifying individuals with prevalent mobility disability (0.037 sec) and at risk
for developing mobility disability one year later (0.034 sec). It is not surprising that the cut-
point identified for predicting mobility disability at one year was lower than the cut-point for
identifying individuals with prevalent mobility disability (i.e. 0.034 sec versus 0.037 sec)
since individuals with prevalent mobility disability have greater STV and were removed for
the incident mobility disability analyses.

The values for sensitivity, specificity, area under the ROC curve (AUC), positive predictive
value, and positive likelihood ratio were quite modest, thus potentially limiting their clinical
usefulness. The area under the ROC curve (AUC) is a measure of the overall performance of
a diagnostic test or the accuracy of the diagnostic test. The AUC has values ranging from 0
to 1 with the closer the AUC is to 1 the better overall diagnostic performance of the test. An
AUC value of .5 represents an uninformative test.22 Our AUC values for prevalent mobility
disability and incident mobility disability (i.e. AUC = .70 and .65 respectively) indicate only
fair discriminate value for those outcomes.

Correct diagnosis relies, in part, on the ability to minimize error during the testing process to
avoid false positive or false negative results.2! The measure of STV that we evaluated had
only fair test-retest reliability.18 The reliability of STV may be influenced by the number of
steps used to calculate the measure. Including a greater number of steps in the calculation of
STV could potentially improve the reliability and potentially the diagnostic characteristics of
the measure as well.23

The PPV, which is used to judge whether or not a patient has the condition of interest, was
quite low. The PPV of a diagnostic test should be interpreted with caution since it is
dependent on the overall prevalence of the condition. In this study, a relatively small number
of subjects had mobility disability at baseline (i.e. 23%) and an even smaller number of
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individuals developed incident mobility disability over the 1-year follow-up (i.e. 15%). The
one year incidence of mobility disability was similar to that reported in the lowa EPESE
sample which has been described as not representative of older adults in general, other
samples in the EPESE study had incident rates closer to 20—25%.17

A reoccurring question in the field of gait variability is if greater variability is associated
with negative outcomes. In this study, the likelihood ratios suggest a risk gradient for
progressive (increasing) values of STV for prevalent mobility disability, thus suggesting that
greater values of STV are undesirable. Greater values of STV have also been associated with
poor perception of health, difficulty performing activities of daily living, and lower levels of
physical activity.16 Further research is needed to determine if interventions that can decrease
STV during usual walking can also reduce or prevent mobility disability.

Stance time variability was measured using a computerized gait analysis system that may
not be available for most clinicians interested in identify older adults who are at risk for
mobility disability. Recent work has demonstrated that an observational rating of gait
variability (the Modified Gait Abnormality Rating Scale variability item, GARSM) is an
acceptable alternative measure of gait variability for identifying older adults at risk for
mobility disability in clinical settings.2* However, the ability to have a computerized gait
analysis system in the clinic should not be overlooked as lower cost alternatives become
available.

When interpreting our results the following limitations should be considered. The outcome
of interest, mobility disability, was based on self-report that may not accurately reflect a
persons’ ability. However, self-report of walking %2 mile has been used to adequately
represent mobility disability in several studies of older adults.1’-1° A performance-based
measure of disability, such as the long distance corridor walk, may be a more appropriate
outcome to investigate.2526 A gradient of increasing risk with increasing STV was
demonstrated for prevalent mobility disability. The gradient for incident 1-year mobility
disability was not continuous across the STV values and was nearly equal for STV values
between 0.022 and 0.045 s. This result is most likely attributable to the small number of
individuals who developed incident mobility disability (i.e. 15%) resulting in unstable
estimates.

The current, prospective study is the first to evaluate the predictive validity of STV for
mobility disability at one year using comprehensive validity indices of sensitivity,
specificity, ROC curves, AUC, positive and negative predictive values, and likelihood
ratios. The relatively modest values on the validity indices could possibly be improved by
increasing the reliability of the measurement of STV. Given the modest values for the
validity indices for STV clinicians should not consider our suggestions for cut-off values of
STV as defined boundaries for indicating who is at risk for developing mobility disability.
Clinicians should interpret the values liberally and use STV in conjunction with other
measures until further work is completed to validate STV as an indicator of mobility
disability. We have shown an increasing risk for mobility disability associated with greater
values of STV during usual walking. This suggests that irregular timing of gait is a predictor
of mobility disability and future efforts are needed to determine if interventions aimed at
reducing STV could also prevent mobility disability.
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Figure 1.
Receiver operating characteristic (ROC) curve and area under the curve (AUC) for
prevalent mobility disability (no disability compared to any disability, AUC = 0.70, n=552).
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Figure 2.

Receiver operating characteristic (ROC) curve and area under the curve (AUC) for 1 year
incident mobility disability (no disability compared to any disability, AUC = 0.65, n=399).
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Table 1

Study Participant Characteristics at Baseline (n=552).

Baseline Characteristic

N (%)

Age, years
Female
African American

Number of medications

794 (4.1)
336 (60.9)
126 (22.8)

*

3.3(2.6)

Reported a fall in past 12 months 100 (18.1)

Use an assistive device

Usual gait speed, m/s

Blocks walked per week

63 (11.4)
1.01(0.23)

32.7(49.2)%

Reported no difficulty with ADL 466 (84.4)
Reported no difficulty with IADL 404 (73.2)

*
mean (SD)
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