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The 6MWT: Validity of a

Pedometer and Instruction on
15m and 30m Courses in Adults

with Parkinson‘s Disease
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Abstract

Purpose: Assess the validity of the use of a 15m course for the
6MWT in subjects with Parkinson Disease (PD) compared to non-PD
controls ; also assess the use of dissimilar instructions during the 6 Minute
Walk Test (6BMWT) on a 15m and 30 meter course. Secondary outcomes
included; the utility of pedometer use and predicted distance versus
actual distances accomplished for each course for PD subjects.

Methods: Volunteer subjects (N=35, 16 PD; 19 non-PD; mean age
70.2 years) participated. Data was collected on each course for using
the instruction, “walk as far as you can” and “walk as fast as you can”
for 6 minutes. A pedometer was worn. Predicted distance for the PD
group was calculated.

Results: A 2 by 8 repeated measure detected differences within
subjects” p=.017 and between groups p=.003. The 15m fast course
was found to be valid for the PD group. The PD group distance and
the predicted distance formula were not different on any course.
The instruction was a significant factor for control group 30m, p=.014;
15m, p=.005 and for the PD group 30m p=.026. Using the pedometer,
there were some significant differences on the 30 fast course when
measured by group p=.009.

Conclusion: Overall the PD group performed best on the 30m far
course. Fast instruction is recommended for healthy older adults (either
size course) and for PD subjects on the 15m course for the best possible
effort. The pedometer is an accurate and valid on a 30 far and 15
meter course with PD. The predicted distance is a good indicator of
functional distance for these mild to moderate PD subjects on either
size course and with either set of instructions.

Introduction

The six minute walk test [EMWT] is an effective measure of
functional capacity in healthy adults and in adults with mild to
moderate Parkinson Disease [PD]. The administration of the 6MWT
according to the American Thoracic Society [ATS] instructs a
subject to “walk as far as you can” [1]. Other studies have given the
instructions “walk as fast as you can” [2,3]. Rikli and Jones studied
the SMWT using the verbal command, “walk as fast as possible for
6 minutes”, in healthy adults and found it to be a moderately valid
measure of physical endurance and reliable. They concluded that this
test reflects an older adults’ overall functional ability [3]. Southard et
al studied both types of instruction with healthy aging and older adults
and found good agreement with no differences based on instruction
on a 30 m course [4]. The Yamax DIGI-WALKER SW-651 pedometer
has been found to be valid measure of walking distance during the
6MWT with healthy adults [5,6]. Our primary outcome measure
of this project was to determine whether a 15 m course size would
be valid in a PD population for the 6 minute walk test. Secondary
outcome measures include; 1.Dissimilar instructions given during
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the 6 Minute walk tests affect the distance 2. Comparison of the
derived predicted distance based on a PD reference equation with the
PD subjects’ actual distances achieved. 3. The validity of the use of a
pedometer in PD.

Methods

This study was approved by the Institutional Review Board at New
York Institute of Technology [NYIT]. A sample of convenience was
used; healthy subjects were recruited from the local NYIT community.
The PD subjects were members of a Wellness program at NYIT
Academic Health Center. Flyers were hung in the Physical Therapy
suite where the Wellness program meets. All Wellness members with
PD and healthy controls were invited to participate. Twenty one PD
subjects and twenty four controls consented. Inclusion criteria were
that subjects of either gender be between 48-85 years old; Hoehn and
Yahr rating scale stages 1-3 (experimental group), no pain greater than
3/10 grossly, able to ambulate independently with or without device
for six minutes and cognition sufficient to understand instructions.
Exclusion criteria included subjects that had a fluctuating response
to levodopa, suffered from disabling dyskinesias, were cognitively
impaired; indicated by a score of 24 or less on the Mini-Mental State
Examination, any other significant neurologic, cardiovascular, or
musculoskeletal condition or pain that could affect ambulation.

Thirty-five subjects completed the study, composed of 25 males
and 10 females. There were 19 subjects in the control group and 16
subjects in the PD group. PD group had a mean MDS-Motor Unified
Parkinson Disease Rating Scale (UPDRS) of 29/80 (range 10-54).
Five subjects did not complete the study in the PD group for varied
reasons including; knee pain after the trial; being displaced after
superstorm Sandy, and one subject changed their decision. Controls
were lost in follow up after the practice trial. Each subject wore a Digi-
Walker SW-651 pedometer placed midway between the umbilicus
and iliac crest, affixed to the subject’s pant line and taped in place
to assure secure placement. Vital signs including blood pressure,
heart rate, and respiratory rate as well as the RPE Borg 6-20 scale
were taken prior to and after each trial. The PD subjects were tested
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while on medication. The courses consisted of a 30 meter taped line
and a 15 meter taped line with markings every 3 meters. An orange
cone was placed at the end of each line. Each participant walked the
course around the cones for 6 minutes. The linear distances derived in
this study were measures from the starting position, to the stopping
point in meters, based on markings on the floor. Linear distance
determination using the pedometer was that distance in meters at
completion of the 6SMWT that registered on the pedometer, and was
recorded at the place the subject stopped at after the trial. Stride
length was adjusted on each pedometer for the subjects based on
their height following the instructions from the manufacturer [7].
The PD predicted value was calculated using the following formula:
6MWDpred= 543.06 + [-10.83xTUG] + [2.04X OLS] + [-44.44 x
gender] Gender= 0 for females and 1 for males [8]. At the time of
consent, subjects completed the practice trial which was administered
strictly following ATS guidelines, to reduce the chance of learning
effects, and all pretesting. The predicted distance was calculated. All
participants were permitted to do all four trials in one session or
split the trials into two sessions. All participants were required to sit
quietly between bouts for at least 5 minutes. Vital signs were repeated
to assure the subject had returned to baseline.

During each trial the subjects walked the testing course distance
for 6 minutes based on the instructions given. One subject was tested
at a time. Therefore, in addition to the practice course, each subject
was assigned to complete a randomly determined course (determined
by a computer randomization program), for total of 4 sessions of the
6MWT.

During the testing, all subjects were allowed to stop in place if
needed, but were not allowed to sit. Subjects were told randomly
to either “walk as fast as you can” or “walk as far as you can” in 6
minutes until each course under each type of instruction was
completed one time. Researchers tallied laps and guarded subjects as
necessary. At the end of the 6 minutes, each subject was told to stop
where they were. Pedometers were read in place to record the final
distance. The correct linear distance was measured from the subject’s
starting position. Each subject’s Rate of Perceived Exertion (RPE)
was recorded and vital signs were taken. This was done twice for each
course (15m, 30m) under each set of instruction.

Results

All statistics were completed using SPSS for windows version
20. A power analysis revealed that to obtain a medium effect size 34
subjects were necessary to have a power of 80% at an alpha of .05
for t tests. Subject characteristics were completed (Table 1). Table 2
illustrates the mean values for each group’s performance on the 15m
and 30m fast and far courses. Table 3 represents the distance recorded
from the pedometer values versus the linear values for subjects with
PD.

2 by 8 repeated measures were used to discern differences between
the dependent variables including course size, instruction, linear and
pedometer measures. Paired sample t tests were also used to assess
for differences between the predicted distances from the compared
to the actual distances on the far and fast trial 30 m course. The PD
group trials were isolated and paired t tests were used to assess paired
differences across the trials by instruction for this group.

As can be seen in Table 1 there were no differences found using
paired independent sample t-test between the groups based on age
(p=.420), gender (p=.097)and BMI (p=.969). The 2x8 repeated
measures showed significant within subjects effects based on trials
(p=.017) and effects between group and trials demonstrating
significance (p=.003).

Table 1: Group Characteristics.

- N NERT Std. Std. Error
9 P Deviation Mean
A PD* 17 | 70.2941 10.17819 2.46857
e
g Control | 19 | 69.1053 8.53030 1.95699
BMI [body mass PD 17 | 26.3647 4.18284 1.01449
index] Control | 19 | 25.1611 4.90595 1.12550
PD 17 | 1.7247 10637 .02580
Height [meters]
Control | 19 | 1.6763 .08610 01975
Stride length PD 16 | 2.3000 28519 07130
[feet] Control | 19 | 2.2368 .26079 .05983

*Parkinson Disease

Table 2: Group and combined means of variables assessed.

PD Mean
Course size/ [SD] Control Mean Combined Mean
Measurement type | [Parkinson [SD] [SD]
Disease]
30 far linear [m]* | 472.4 [58.3] 512.3 [56.3] 493.5[59.9]
30 fast linear [m] | 462.5 [85.4] 565.4 [64.8] 517.0 [90.6]
15 far linear [m] * | 430.7 [81.6] 499.5 [61.1] 467.1[78.5]
15 fast linear [m] | 448.8 [67.6] 542.3 [59.4] 498.3 [78.3]
f’r?]]far pedometer | 75 8183.7] | 503.3 [65.7] 490.4 [74.9]
ﬁ?ﬂf“t pedometer | \o1 6 1118.6]| 5212 [56.0] 488.5 [96.2]
[f:]fa’ pedometer | oo 6 [104.6]| 482.8 [58.4] 468.6 [83.5]
?ri]fa‘“ pedometer | 4.1 71706] | 507.1[66.4] 490.5 [74.0]
*sig at .05
m = meters
Table 3: Paired t test for PD group.

. Sig
Trial Mean SD T [2-tailed]
PD 30 far linear
PD 30 fast linear 9.87500 63.70021 .620 .545
PD 30 far linear
PD 30 far -3.40875 104.86015 -.130 .898
pedometer
PD 30 fast linear
PD 15 fast linear 13.71875 66.99303 .819 426
PD 30 far linear .027*
PD 15 far linear 41.68750 67.90922 2.455
PD 15 far linear
PD 15 far -21.94438 64.34383 -1.364 193
pedometer
PD 30 fast linear
PD 30 fast 10.86438 87.74640 495 .628
pedometer
PD 15 fast linear
PD 15 fast -22.96500 69.01590 -1.331 .203
pedometer
*sig at .05
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Combined group paired sample t tests demonstrated that there
were significant differences found based on instruction this was
illustrated in the 15 meter pair (t= -3.908, p= .0001). Also when
the pedometer was compared to the 30m fast distance there was a
difference (p=.044). The paired samples t tests isolating the PD
group demonstrated significant differences in the far instruction trial
between the 30m course and the 15m course, (t=2.455; p=.027) as can
been seen in Table 3. There was no significant difference between the
predicted PD distance and actual linear distance seen in the 30m far
(t=-2.051, p=.058) or 30m (t= -1.100, p = .289) fast course; this was
also true for the 15m far (.073, p=.943) or 15m fast (t=.948, p=.357).
The mean predicted distance was, 439.21m and actual 472.37m 30m
far course; 462.5m 30m fast course.

Discussion

Our study demonstrated that in a PD population, with mild to
moderate PD (H&Y 1-3) performing a 6 minute walk test on the 15m
course using the fast instruction was valid. Statistical compilations
found no differences in the distances completed during a comparison
of 15m course using the fast instruction with the 30m fast course.
Secondly, the instruction type affected performance in the PD group;
thirdly, the prediction formula was accurate in predicting the PD
subjects’ performance on the 6 MWT on both courses. Furthermore,
a pedometer was a valid and reliable tool for distance measurement
during the 6 MWT with the PD population on 15m and 30m course.

There were differences within and between the groups. These
effects might have been caused by the inter-trial variability that was
evidenced with the PD group. Also, the PD group performed each
trial with less linear and pedometer distance accomplished compared
to the controls. Overall the mean gait speed for the PD group during
the 30m far trial was 1.30m/s (value obtained from the results of the
6MWT). The controls’ mean gait speed was 1.42m/s for the same trial.
Canning et al, also found that PD subjects were not able to walk as fast
as healthy controls during the 6 MWT, and also that the PD subjects
could increase their gait speed during the 6 MWT but were unable to
sustain that increase. Lastly, Canning found that healthy controls and
PD subjects had a similar response to changes in gait speed during the
6MWT where the first and last minute of the test were faster than the
middle four minutes [9].

Fast/Far Instruction and Length of Course

In addition, when the 30m trial included the walk as “fast” as you
can instruction, the PD group distance mean decreased 10m (Table
3); whereas the controls increased by 53m. This is in agreement with
Enright’s study [1]. We noted that the controls had a 43m increase on
the 15 meter course when completing fast instruction methods. Table
2 illustrates the mean values for each group’s performance on the 15m
and 30m course under both fast and far instruction. In summary,
the control group had greater 6MWD than the subjects with PD
on all trials on both the 15m and 30m courses. Both groups had a
reduction in linear distance on the 15m course when compared with
the similar 30 m course. This finding however did not reach statistical
significance. Since there was no statistical difference between the
groups on each course, one can posit that the 15m measurements
are concurrently valid when compared with the 30m course for both
groups.

Unexpectedly, the PD group did better on the 15m fast course
than the 15m far course. However, in terms of statistical significance,
the results of the pairings were only significant when comparing the
30m far trial to the 15m far trial (p=.027).We anticipated this decline
because of the gait impairments seen in PD individuals, however we
are surprised that other than this comparison, the differences were
not significant. The subjects with PD performed with only a 10m
difference on the 30m course, with dissimilar instruction. The best
PD performance was obtained on the 30m far instruction course. This
supports several other research studies that used this methodology
[1,10-12]. According to our results, the fast trials have resulted in
less 6SMWD with the PD subjects. Another consideration is that the
minimal detectable change of the 6MWT according to Steffen and
colleagues is 82 m [13].

Validity of Trials and Pedometer Use

The pedometer recordings were accurate when compared to
the linear measures on each 15 meter and 30 meter far course. The
significant difference on the 30m fast course may be explained by
the subjects overdoing it initially in the test and being unable to
keep pace and having their gait speed drop off so the pedometer was
less sensitive to the reduced vertical displacement. In all other cases
studied, these findings indicate that the pedometer is a valid distance
measure for these groups on both courses if the fast instructions are
not used on the 30 m course. Southard and Gallagher’s, [4] findings
with healthy aging adults on a 30m course using pedometers found
no differences based on instruction. Moreover, this group of mild
to moderately involved PD subjects had a gait speed that was over
1.0m/s which is what Dijkstra [14] recommended for pedometer
use with this population. Therefore a pedometer is a feasible tool to
accurately measure distance during the 6SMWT on both 30 and 15m
tracks.

Actual versus Predicted Distance

Our PD subjects confirmed the calculated formula. The predicted
distance was compared to the outcomes on the 30 meter courses since
that is what was used to develop it. The PD subjects mean score was
slightly greater than 33m above the derived value using Falvo’s [8].
Furthermore, upon continued assessment no statistical difference
between the calculated formulas on either size course.

Limitations include a small convenience sample from the NYIT
AHCC, more males than females, and PD subjects were participating
in a wellness program which may have affected the performance of
the PD subjects. Also our PD group was limited to those with a Hoehn
and Yahr scale 1 to 3. Although our sample size was able to detect
moderate affects, larger samples would allow better generalizations
and perhaps conclusions on this study based on what stage the PD
person is in. Future studies should move in this direction. Also
future studies could assess the PD individual’s activity levels using
the pedometer on courses that are premeasured. This group had mild
to moderate PD and therefore these results cannot be generalized to
those with more significant involvement. Also these subjects were
assessed on medication and therefore these results cannot be used for
those “off “medications.

Conclusion

In summary, regarding the validity of a 15m track for the PD
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group, concerns that the linear distance achieved on a 15m would be
less than the traditional 30m course secondary to increased number
of turns using “fast” instruction were not evidenced. Using the
instruction to walk as “far” as you can instruction is not recommended
on the 15 meter course for the PD population. The results of our study
indicate that subjects with mild to moderate PD (H&Y 2-3) perform
best on a 30m course using the far instruction. The pedometer was
found to be a valid and reliable measure when compared to the linear
distance in the 6 MWT on a 15m and 30m course in those with PD
when compared to linear measures and healthy controls. There was
no difference between either size course and distances calculated
using a prediction equation. This was the first study to use the 6MWT
to assess the performance of PD subjects vs. healthy aging adults
over two different sized courses, with different instructions, and a
pedometer.
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