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The Timed Gait test is a standardized procedure assessing motor dysfunction of lower
extremities and gait abnormalities associated with AIDS dementia complex. Heretofore,
interpretations of Timed Gait results have been hampered by the lack of normative
data. We provide results on this test derived from 1,549 subjects (HIV-seronegatives
(HIV-) and seropositives (HIV+) classified according to ADC stage). Timed Gait was
found to be a useful screening and assessment tool for evaluating ADC and correlated
with clinical ADC staging as well as more extensive structured neurological and neu-
ropsychological evaluations. Analysis of covariance results (with age and education as
covariates) revealed symptomatic HIV+(SX) and AIDS groups having significantly
slower Timed Gait scores than those in the HIV– and asymptomatic HIV+(ASX)
groups. The SX group obtained significantly slower timed gait scores than those in the
AIDS group. There was a significant increase in Timed Gait scores with each increase
in dementia staging with the HIV- subjects having the fastest mean Timed Gait scores
and the HIV+ dementia stage 2+ having the slowest. These normative data should
prove useful in both recognition of ADC and treatment response. Given its minimal
training requirements, the Timed Gait would have utility in resource limited settings. 

Introduction

Because walking is a complex process involving the integration of a number of central
nervous system (CNS) processes, its balance and speed are commonly altered by a range
of CNS lesions and diseases, including many that also cause cognitive impairment (Nutt,
Marsden, & Thompson, 1993). In this report we deal with decreased gait velocity associated
with HIV infection and the AIDS dementia complex (ADC) (Lopez et al., 1994; Price, Sid-
tis, & Brew, 1991; Robertson & Hall, 1992; Tartaglione et al., 1991). In addition to studies
finding a decrease in gait velocity in normal elderly (Ho, Woo, Yuen, Sham & Chan, 1997),
gait slowing has been reported in a number of disorders sometimes aggregated as “subcortical”
(Cummings & Benson, 1984) such as vascular dementia (Hennerici et al., 1994), Parkinson’s
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disease (Canning, Alison, Allen & Groeller, 1997; Ebersbach et al., 1999; Goldman, Baty,
Buckles, Sahrmann & Morris, 1998), Huntington’s disease (Haddad & Cummings, 1997;
Koller & Trimble, 1985), and incident HIV dementia. (Stern et al., 2001).

The National Multiple Sclerosis Society’s Clinical Outcomes Assessment Task Force
identified gait velocity as one of the primary areas in need of assessment in multiple sclero-
sis clinical trials (Cutter et al., 1999; Rudick et al., 1996). The Timed 25-Foot test (T25-FW)
is a quantitative timed gait measure based on a timed 25-foot walk. At the beginning of
each Multiple Sclerosis Functional Composite (MSFC) evaluation visit, participants are
directed to the starting point of a 25-foot course and are directed to walk 25 feet as quickly
as possible. The score for the T25-FW is the average of the two completed trials. Several
approaches have been taken to define a clinically significant change in this measurement.
A range of values has been developed for the T25-FW to assess change in walk-time that
occurs during an exacerbation of multiple sclerosis. Findings suggest that a greater than
20% increase in T25-FW may indicate a significant gait change (Kaufman, Moyer, &
Norton, 2000). Further, the T25-FW has been found to be characterized by excellent
intrarater and interrater reliability, indicating that patients may be assessed by different
(but adequately trained) physicians in longitudinal studies (Cohen et al., 2000).

In spite of multiple reports documenting the importance of gait velocity as an indicator of
these diseases, methodology for measuring gait velocity has varied widely and there are no
established normative values for practical use in the clinic setting. While studies have been
conducted using simple techniques, these have generally used varying or inconsistent
approaches or have been unclear regarding the distance that the subject is instructed to walk (5
meters – 10 meters), the speed at which the subject should walk (normal walking speed vs.
fastest walking speed), and the method of measuring of the gait velocity (total time vs. time per
meter) (Canning et al., 1997; Lopez et al., 1994; Tanaka et al., 1995; Tartaglione et al., 1991).

The purpose of this study is to provide normative data on the Timed Gait test, a
simple measure of gait speed that is now widely used in brief quantitative test batteries
in AIDS clinical trials (Price & Sidtis, 1993). Originally developed by Sidtis and Price,
Timed Gait is brief and simple to administer in the setting of HIV infection. The results
are examined for significant associations of gait velocity with major demographic
variables, including age and gender, which may modify gait speed, though previous
studies have shown inconsistent effects of these variables (Blanke & Hageman, 1989;
Hageman & Blanke, 1986; Ostrosky, Van Swearingen, Burdett & Gee, 1994). This
study also documents the decrease in gait velocity among a sample of HIV seropositive
(HIV+) patients who have been diagnosed with ADC and staged according to its severity
(Price & Brew, 1988).

Methods

Subjects

Data were collected from a total of 1,549 individuals participating in studies of the effects
of HIV on the nervous system in three different settings: Memorial Sloan-Kettering Cancer
Center, New York City, (n = 367), AIDS Clinical Trials Group (ACTG, 42 sites) protocol
193 (n = 937), and the University of North Carolina at Chapel Hill (n = 245). Given
the extensive number of sites involved, analyses were completed without intracenter
analyses. Individuals who were selected for inclusion were either HIV seronegative (HIV-)
or HIV + and the latter were evaluated with respect to both systemic disease stage (asymp-
tomatic, symptomatic, or AIDS) according to the Centers for Disease Control Criteria
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(CDC, 1992) and ADC stage (Price & Brew, 1988; Price & Sidtis, 1993; Sidtis & Price,
1990). Subjects with confounding neurological disorders, including those unrelated or
related to HIV infection were excluded. The only known CNS disorder included in this
study was ADC.

Procedure

All subjects participating in these studies signed informed consent approved by local insti-
tutional human subjects review boards. Participants complete the Timed Gait task as part
of a larger evaluation, which included medical and neurological examination and a group
of neuropsychological tests, which varied somewhat among testing sites. Within the neu-
ropsychology battery, Timed Gait was administered first. Protocols were administered by
trained personnel across centers (neuropsychologists at Memorial Sloan-Kettering Cancer
Center and University of North Carolina at Chapel Hill; and neuropsychologists and
trained nurses at ACTG sites). It should be noted that ADC stage is based on subjects’
functional status and was assigned on the basis of neurologic history and examination
findings and not on neuropsychological test performance. The neuropsychological batter-
ies generally measured the following domains: Gross Motor, Fine Motor, Mental Process-
ing Speed, Executive Functions/Mental Flexibility, Verbal Recent Memory, Figural
Recent Memory, Visuospatial/Constructional, and Verbal Fluency. Timed Gait was
included as part of the neuropsychological evaluation with the general rationale of provid-
ing an index of gross motor function and assessing lower extremity ability which was not
otherwise assessed by these tests.

A 10-yard (30 feet) course was measured and marked on a straight unobstructed area
prior to test administration. Participants were instructed to walk the 10 yards as quickly as
they could without running, cross the line, turn around, and walk back the 10 yards. This
was repeated three times. Subjects were timed using a stopwatch and the time to complete
each trial (from start to crossing the starting line) was recorded in seconds. Subjects’ final
scores were recorded as the average number of the three trials (see Appendix A).

Data Analysis. First, Timed Gait and demographic characteristics and frequencies of the
normal sample were calculated. Next, correlational analyses were run in order to examine
the association between Timed Gait scores and the demographic variables of age, sex, and
education. After that, Timed Gait by HIV disease stage was calculated and outliers were
excluded. Since demographic differences were found, correlational analyses were run to
determine the possible effects of sex, age, and education on Timed Gait scores. Given our
large sample size, even minimal effect sizes were significant, as such, a correlation of r =
0.10, which accounts for 1% of the variance, was set to indicate a clinically significantly
correlation. Subsequently, we performed an analysis of covariance (ANCOVA) with age
and education as covariates.

For the analysis of Timed Gait by ADC stage, subjects were segregated into one of five
groups: HIV-; and HIV+ Stages 0, 0.5, 1, 2, 3, and 4. Outlying values were excluded from
analyses by eliminating the 1st and 99th percentiles by group. Subsequent correlational
analyses were run in order to determine the possible impact of these variables on Timed
Gait scores. Next, we utilized ANCOVA to examine whether there were differences in
Timed Gait scores according to ADC stage.

In further analyses we used ANOVA to examine Timed Gait’s correlation with neuro-
logical and neuropsychological examinations. Neuropsychological tests were scored using
age- and education-based norms and were converted to z scores.
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In developing cutting scores and ADC classification, two possible cutting scores were
chosen on the Timed Gait to indicate abnormal performance. These cutting scores were
selected with regard to the type of classification desired. The first cutting score, set at the
75th percentile within the normative group, has a lower, more inclusive threshold and is
intended to maximize sensitivity for the detection of HAD, while maintaining a reasonable
level of specificity. This may be useful as a screening tool for ADC that would indicate a
need for more comprehensive testing. Using this definition, 25 of subjects in the normative
group received a Timed Gait score greater than 10.3 seconds. As such, using this cutting
score, a Timed Gait score of less than 10.3 is considered normal, while a slower Timed
Gait score is considered abnormal and would warrant further evaluation for dementia. The
accuracy of this cutting score was measured by examining the percentage of subjects who
were correctly classified into the dementia staging groups. A second cutting score of 11.22
seconds with a higher threshold (93% of the normative group) was selected to maximize
both sensitivity and specificity, and was developed for purposes of diagnosis. While the
lower cutoff score is appropriate for screening purposes to trigger further evaluation, a
higher cutoff is warranted for diagnostic purposes.

Results

Establishing ‘Normal’ Values for Timed Gait

Subjects included in the normative sample were both HIV– (n = 87) and that subset of the
systemically asymptomatic HIV+ patients (ASX) with an ADC stage rated at 0 (n = 105).
This combined sample was used to define a conservative normal range for Timed Gait. In
order to eliminate outliers, scores in the upper and lower one percentile of the distribution
were excluded from the sample. Three subjects were eliminated resulting in a sample of 189
subjects. Subjects in the HIV- group had a significantly higher level of education (M = 15.8,
SD = 2.2) than those in the ASX HIV+ group (M = 14.8, SD = 2.7). There were also a sig-
nificantly higher number of women in the HIV- group (44% women) than in the ASX
group (7% women). Timed Gait scores and demographic data for the combined HIV- and
ASX groups encompassed 189 total subjects (77 percent male) with a mean age of 34.1
(SD = 8.9; Range = 19 – 60), and a mean education of 15.3 years (SD = 2.5; Range = 8 – 23).
The mean Timed Gait of this control group of 189 subjects was 9.6 seconds, with a stan-
dard deviation of 1.2 seconds, and a range of 7.0–13.8 seconds.

HIV– and ASX subjects did not differ in Timed Gait scores or age. Timed Gait had a
significant negative correlation with years of education, r = -0.33, p < .0001, but no corre-
lation with sex (r = 0.02, p = 0.84) or (age, r = 0.08, p = 0.25). Although we found no
effects of gender and age, we present mean values in Table 1 broken down by education,
age, and sex in order to provide greater flexibility in scoring and data interpretation. These
data show that subjects with 12 or fewer years of education were significantly slower on
Timed Gait than those in the other education groups, F(2, 188) = 11.26, p < .0002.

Timed Gait and Systemic HIV Disease Stage

We next examined the Timed Gait results of the entire group of 1,526 subjects based upon
their systemic disease classification using a Centers for Disease Control (CDC) HIV stag-
ing criteria (1992). Subjects were divided into four groups, HIV– (n = 87), ASX (n = 169,
CDC A1-2), symptomatic (SX) (n = 116, CDC B1-2), and AIDS (n = 1154, CDC A3, B3,
C1-5). The upper 99th and lower 1st percentile of Timed Gait scores were eliminated from
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the analyses by group in order to exclude outliers. This resulted in the exclusion of 41 sub-
jects. Table 2 contains Timed Gait and demographic data for each of these groups.

Individuals in the HIV- and ASX groups were younger than those in the SX and
AIDS groups. The HIV- group had the highest level of education and a higher proportion
of women. The AIDS group had the lowest mean level of education and had more women
than did the SX group. Given these demographic differences, correlational analyses were
run in order to determine the possible effects of sex, age, and education on Timed Gait
scores. Due to the size of the sample, even minimal correlations were significant. Again,
since our large sample size results in significant results for even minimal effect sizes, a
correlation of r = 0.10 was set to adjust for the possibility of capitalizing upon chance.

Using an analysis of covariance (ANCOVA) with age and education as covariates,
subjects in the SX and AIDS groups obtained significantly slower Timed Gait scores than
those in the HIV- and ASX groups. Subjects in the SX group obtained significantly
slower timed gait scores than those in the AIDS group (see Table 2). The finding that indi-
viduals with symptomatic disease had slower Timed Gait scores than subjects with AIDS
reflected the greater variability in the symptomatic group, and likely reflects the relatively
smaller size of the symptomatic group compared to the AIDS group.

Timed Gait by ADC Stage

A subset of subjects were evaluated for ADC stage based on a neurological examination and,
in some cases, neuropsychological evaluation. Eight-hundred and eight subjects were staged
and grouped as follows: HIV- (n = 87), Stage 0 (n = 391), Stage 0.5 (n = 235), Stage 1 (n =
63), Stage 2 (n = 22), Stage 3 (n = 8), and Stage 4 (n = 2). A total of 22 outlying values were
excluded from analyses by eliminating the 1st and 99th percentiles by group. Given the small

Table 1
Timed Gait in the combined HIV– and HIV+ ‘controls’ broken 

by education, age, and sex subgroups

Group n

Timed 
Gait
mean

SD
(seconds) Range Statistic

Education < 13 
years

32 10.25a 1.36 8.00–13.80 F(2, 188) = 9.00*

Education 13–15 
years

60 9.69b 1.16 7.30–13.29

Education > 15 
years

97 9.31b 1.00 7.00–11.90

Age 18–29 years 68 9.54 1.27 7.00–13.80 F(2, 188) = 0.09
Age 30–39 years 71 9.61 1.07 7.30–13.29
Age 40–60 years 50 9.62 1.18 7.44–12.40
Male 145 9.58 1.05 7.21–13.15 χ2(79, n = 189) = 92.02
Female 44 9.62 1.49 7.00–13.80

*p < .05 by ANOVA; means with different letter superscripts are significantly different at p < .05 by
the Student-Newman-Keuls Test, i.e., the Education < 13 differs from the other 2 groups which do not
differ from each other.
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number of subjects in Stages 3 and 4, Stages 2, 3, and 4 were combined to form Stage 2+
(n = 31). Table 3 contains the demographic data and Timed Gait for each of these groups.

As can be seen in Table 3, there were differences between the ADC groups in the
demographic variables. Correlational analyses were run in order to determine the possible
impact of these variables on Timed Gait scores. Sex was not significantly correlated with
Timed Gait (r = –0.004). Age was significantly correlated with Timed Gait, but accounted
for only 0.81% of the variance in scores (r = 0.09). Education accounted for 2.89% of the
variance in Timed Gait scores (r = −0.17). Since education accounted for a clinically
significant amount of variance in Timed Gait scores, it was included as a covariate in the
ANCOVA that examined if there were differences in Timed Gait scores according to
dementia staging group.

There was a significant increase in Timed Gait scores with each increase in dementia
staging with the HIV- subjects having the fastest mean Timed Gait scores and the HIV+
dementia stage 2+ having the slowest.

Timed Gait Correlation with Neurological and Neuropsychological Examinations

Five-hundred eighty-one subjects underwent neurological evaluations which were scored
using standardized quantitative scoring criteria (Robertson et al., 1997). Total neurologi-
cal scores were significantly correlated with Timed Gait (r = 0.66, 43.56% of variance).
Scores greater than or equal to 95 on the neurological examination were considered to be
abnormal. When subjects were divided into groups above and below the clinical cutoff
score for the neurological examination, significantly different Timed Gait scores were
obtained (F(1, 579) = 110.21, p < .0001). Subjects with normal neurological scores (n =
439) had a mean of 10.15 (SD = 2.09) on the Timed Gait, while subjects with abnormal
neurological scores (n = 142) had a mean Timed Gait score of 13.32 (SD = 5.17).

Timed Gait scores were also significantly different based on the overall neuropsy-
chological testing score. Neuropsychological tests were scored using age- and educa-
tion-based norms and were converted to z scores. The mean z-score across
neuropsychological tests was significantly correlated with Timed Gait score (r = −0.48,
23.04% of variance). The lowest fifth percentile of scores on the neuropsychological
tests within the normative sample fell below a mean z-score of –0.83. This score was
chosen to indicate overall impaired neuropsychological functioning. Subjects scoring in
the non-impaired range of neuropsychological functioning (n = 200) had significantly
better Timed Gait scores (M = 10.04, SD = 1.66) than did those in the impaired group (n = 45,
M = 12.07, SD = 3.24) (F(1, 243) = 36.07, p < .0001).

Cutting Scores and Dementia Classification

HIV− and Stage 0 subjects were considered ’normal’, while Stage 1 (mild) and Stage 2+
(moderate – end stage) subjects were diagnosed as suffering ADC. Stage 0.5 subjects were
classified independently as they had equivocal/subclinical findings (Price & Brew, 1988;
Sidtis & Price, 1990). To help with the use of these results in screening and diagnosis, we
explored definition of two ‘cutting scores’ for results to use either for screening of for
diagnosis. A cutting score of 10.29 correctly classified 75% of HIV– subjects as non-ADC
and 55% of Stage 0 subjects as non-ADC for an overall specificity of 59%. Seventy-four
percent of Stage 1 subjects were correctly classified as ADC while 100% of Stage 2+
subjects were classified as ADC. The overall sensitivity was 83%. Among the Stage 0.5
subjects, 51% were classified as ADC using a cutting score of 10.29.
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A second cutting score with a higher threshold was selected to maximize both sensi-
tivity and specificity. While the lower cutoff score is appropriate for screening purposes to
trigger further evaluation, a higher cutoff is warranted for diagnostic purposes. A cutting
score of 11.22 correctly classified 93% of the normative sample as non-ADC. It had a
specificity of 96% among HIV– subjects and 77% among Stage 0 subjects. The overall
specificity was 81%. It correctly classified 59% of the Stage 1 subjects as ADC and 100%
of the Stage 2+ as ADC for an overall sensitivity of 73%. Among Stage 0.5 subjects, 28%
were classified as ADC.

Discussion

Gait disturbance has been noted as a feature of many neurological illnesses with accompa-
nying cognitive abnormalities. However a simple, well-normed procedure for measuring
gait velocity has not been established. Other studies have measured gait velocity in a very
detailed manner using sophisticated equipment in order to determine specific gait charac-
teristics (Ebersbach et al., 1999; Goldman et al., 1998; Goldman, Baty, Buckles, Sahrmann
& Morris, 1999; Hennerici et al., 1994). While these techniques may be useful in studying
gait changes in depth, they are unrealistic for practitioners without access to special com-
puter or video equipment. This limitation applies to most busy HIV clinics and is espe-
cially true for evaluations done in resource-limited countries where relatively simple
measurements may be particularly helpful as part of a neuropsychological or neurological
evaluation. The Timed Gait procedure is simple and requires no specialized equipment
and limited training.

Gait changes at different ADC stages correspond to pathological changes in subcorti-
cal neurotransmitter systems and subcortical structures or frontosubcortical connections in
the origin of the syndrome (Cummings & Benson, 1984). Further, gait is progressively
slowed relative to various musculoskeletal syndromes that occur in HIV-infected patients,
such as manifestations of reactive arthritis, Reiter’s syndrome, infectious arthritis, myosi-
tis, and drug toxicity (Calabrese, 1993; Goldenberg, 1991; Rodgers, Yodlowski, &
Mintzer, 1993; Winchester et al., 1987). Following the ADC Staging System, the degree
of functional incapacity of motor activities resulting from pathological changes in subcor-
tical systems and musculoskeletal syndromes ranges in severity from mild motor impair-
ment to paraplegia. In Stages 0.5 and Stage 1, gait and strength are normal. In Stage 2,
persons are ambulatory, but may require a single prop. In Stage 3, persons have major
motor disability and need assistance walking. Finally, in Stage 4, persons become
paraparetic (Price & Brew, 1988; Sidtis & Price, 1990).

A small number of studies have examined the effects of age and gender on gait veloc-
ity with mixed results. Hageman and Blanke (1986) compared young women (n = 13) with
older women (n = 13) and found the older women to have slower gait speed. They found
no difference in gait speed in a similar study with male subjects (Blanke & Hageman,
1988). Ostrosky et al. (1993) compared a mixed-sex group of younger (n = 30) and older
(n = 30) subjects and found a trend toward significant differences in gait velocity. These
studies each employed a fairly complicated measure of gait which requiring videotaping
and an in depth analysis of gait characteristics. In addition, they included a fairly small
number of subjects per group which makes conclusions regarding the effects of age and
sex on Timed Gait uncertain.

This study now provides a normative base for Timed Gait test in the age range of
most HIV subjects, although as individuals with this infection age, it will be necessary to
extend this beyond the range studied here. It also establishes Timed Gait scores across
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ADC stages, documenting slower performance with each increase in stage. Abnormal
Timed Gait scores were also significantly correlated with abnormal scores on neurological
and neuropsychological evaluations. Cutting scores on the Timed Gait procedure resulted
in reasonably good classification rates of ADC staging, especially for use as a screening
tool.

Further research may develop normative data and cutting scores for use with other
neurological disorders with motor features, such as Parkinson’s disease, as well as for appli-
cation to older populations (Hageman & Banke, 1986; Ostrosky et al., 1994). The normative
data from this study should allow one to establish the presence of abnormal Timed Gait in
other HIV- populations. Overall, the Timed Gait test provides a simple and useful addition to
motor skills assessment in any neuropsychological or neurological evaluation.
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Appendix A

Timed Gait

Description: The Timed Gait is a standardized clinical neurological examination proce-
dure assessing motor dysfunction of the lower extremities and gait abnor-
malities associated with AIDS dementia complex. Subjects are timed at
their fastest walking speed for a 10-yard distance, turn and return for a total
of 20 yards. The task is immediately administered again by having the
patient walk back the same distance.

Materials: Stopwatch, clipboard, Timed Gait Record Form, clearly marked distance of
10 yards in an unobstructed area.
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Discontinue: If participant requires more than 45 seconds to complete the first trial,
STOP the test and do not administer subsequent trials. If subject requires
more than 45 seconds or if non-ambulatory, SCORE using the scoring rules
for incomplete tests. Be sure to exclude participants with significant neur-
opathy and/or myelopathy. Also, ensure that participants are wearing ade-
quate footwear. If the patient runs during the trial, stop the trial, remind the
patient not to run, and redo the trial.

Instructions: For each trial participants begin at the starting line. Make sure there is ade-
quate room past the start and end of the course for the subject to turn
around, without having to slow down. Ensure that the stopwatch is set to
0:00. Point out where the 30-foot course ends, then instruct the patient as
follows: Start by saying:

“Walk as fast as possible without running to the line. Cross the line; then quickly
turn and walk quickly back to the starting line. Ready? Go!”

Timing is started when the participant’s lead foot is lifted and crosses the starting line.
The examiner stops timing when the participant’s lead foot crosses the finish line. Next,
the examiner records the participant’s walk time (in seconds), rounding each score to the
nearest tenth of a second. Repeat for two additional trials.
Scoring:The score is the average of the three trials in seconds, accurate to 1/10th of a sec-
ond (e.g., 10.7 or 11.6).

If a trial was repeated, indicate the reason on the Record Form. Record any factors
that may have affected the trial but did not necessitate repetition of the trial. If the partici-
pate was unable to complete one or both of the trials, record this on the Record Form. If
the test was not done, record 99. If the patient was unable to complete the test due to dis-
ability unrelated to neurological disease, record 98. If the patient was unable to complete
the test due to neurological disease disability, record 97.


