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ABSTRACT

Background/Objectives: Walking speed is known as a useful index for assessing health 
status and functioning in older individuals. However, the optimal walkway length for 
measuring walking speed has not been clarified, and measurements have been made 
using a variety of  lengths. This study examined the agreement between two walking 
speeds collected using different walkway lengths, shorter than in previous studies, for older 
individuals.

Methods: Participants comprised 206 community-living participants ≥65 years old who 
were able to perform activities of  daily living independently. Comfortable and maximum 
walking speeds were measured using 5- and 2.4-m walkways. Agreements between 5- and 
2.4-m walking speeds under each condition (comfortable and maximum) were investigated 
using Bland-Altman analysis.

Results: Intraclass correlation coefficients (ICCs) between 5- and 2.4-m walking speeds 
under conditions of  comfortable and maximum pace were 0.945 (95% confidence interval 
(CI), 0.928~0.958; p <0.001) and 0.923 (95%CI, 0.899~0.941; p <0.001), respectively. 
Mean differences between 5- and 2.4-m walking speeds under conditions of  comfortable 
and maximum pace were -0.01±0.07 m/s (5 m: 1.44±0.20 m/s; 2.4 m: 1.45±0.20 m/
s) and -0.02±0.09 m/s (5 m: 1.86±0.23 m/s; 2.4 m: 1.88±0.23 m/s), respectively. No 
proportional bias for differences between 5- and 2.4-m walking speeds was found under 
both comfortable and maximum pace conditions.

Conclusion: Agreement between 5- and 2.4-m walking speeds was close to excellent in 
older individuals. The 2.4-m walking speed was slightly faster than 5-m walking speed, 
but the mean difference was extremely small and ignorable. Walking speed measured on a 
short walkway may be reliable and useful.

2210-8335/Copyright © 2018, Asia Pacific League of  Clinical Gerontology & Geriatrics. Published by Full 
Universe Integrated Marketing Limited.

INTRODUCTION

Walking speed is known as a useful index for assessing health status and functioning in 
older individuals. Indeed, some longitudinal cohort studies have associated slow walking 
speed with mortality and functional dependence in older individuals.1-6 Furthermore, 
walking speed has also been defined as one of  the diagnostic criteria for frailty and 
sarcopenia in older people.7,8 However, no consensus has been reached regarding the best 
walkway length for measuring walking speed, and a variety of  lengths have been used. For 
instance, walkway lengths used in previous studies have included 10 m,9 8 m,5 7.62 m,10 6 
m,1,3,6 5 m,4 4.57 m and 2.4 m.2,7,11,12
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speed was analyzed in this study. Sampling frequency of  
the system was set at 100 Hz. The 5-m walking speed was 
obtained from the middle of  the walkway, then landmarks 
were located at points 2 m from the start and end of  the 
walkway, and passing time for the 5-m length in the middle 
of  the walkway was measured using a digital stopwatch. The 
measured time for passing 5 m was converted into the 5-m 
walking speed (m/s). While the time for 5 m was measured, 
2.4-m walking speed was obtained simultaneously from 
the WalkWay system located in the middle of  the walkway. 
Comfortable walking speed was measured first, followed by 
maximum walking speed. For measurement of  comfortable 
walking speed, subjects were instructed to walk straight at 
a “usual” pace. For the measurement of  maximum walking 
speed, subjects were instructed to walk in a straight line 
as fast as possible. One practice trial was performed at 
both comfortable and maximum walking speeds, then the 
measurement trial was performed once.

As for other physical performance tests other than walking 
speed, the timed up-and-go test (TUG) and 5-repetition 
chair stand time (5CST) were also measured, as physical 
performance tests associated with walking speed,16,17 
measurements were executed in accordance with the 
methods described by previous studies.18,19 Further, 
instrumental ADL (IADL) was assessed using the sub-items 
of  the Tokyo Metropolitan Institute of  Gerontology index 
of  competence (score range, 0-5; higher score indicates 
higher function, full score is 5 points).20 Body mass index, 
medical history of  chronic diseases, medication and 
presence of  pain (knee joint and low back) were investigated 
using a questionnaire.

Statistical analysis

Agreements between 5-m walking speed and 2.4-m 
walking speed under each condition (comfortable and 

With regard to this issue, previous studies have investigated 
differences in walking speeds obtained from a variety of  
walkway lengths, but agreement of  walking speeds obtained 
from relative short walkway lengths such as 2.4 m has not 
been investigated.13-15 Whether walking speeds measured 
using different, relatively short walkway lengths yield 
consistent results has not been clarified. To assess physical 
performance using walking speed in older individuals, 
knowledge of  the effects of  different walkway lengths on 
walking speed is clinically important and necessary. The 
aim of  this study was to determine the agreement between 
walking speeds collected using different lengths, shorter than 
in previous studies, for older individuals.

MATERIALS AND METHODS

Subjects

Participants in this study comprised 212 community-
dwelling individuals ≥65 years old, recruited from 
Sagamihara  Ci ty  in  Kanagawa pre fec ture  us ing 
advertisements in newspapers and community newsletters. 
The present study included participants who were able 
to perform activities of  daily living (ADL) independently, 
and who were able to independently attend the location 
set as the research center for the study. Participants’ ADL 
were confirmed by interview at recruitment, and ADL was 
defined as independent for individuals lacking certification 
by long-term care insurance. Individuals with suspected 
dementia based on interviews with researchers experienced 
in assessing eligibility were excluded, as were those with 
acute diseases. 

The present study was approved by the Institutional Review 
Board of  the School of  Allied Health Sciences at Kitasato 
University (approval number 2016-G021B), and written 
informed consent was obtained from all participants.

Procedure

In this study, both 5- and 2.4-m 
walking speeds were measured under 
two conditions: comfortable pace; 
and maximum pace. The 5- and 2.4-
m walking speeds were measured 
s imultaneously using the same 
walkway. Total length of  the walkway 
was set at 9 m, including acceleration 
and deceleration zones at the start 
and end of  the walkway. A thin 
carpet 2.4 m in length (width, 0.6 m) 
into which 14,440 pressure sensors 
were embedded (WalkWay, MW-
1000; ANIMA Corp., Tokyo, Japan) 
was set in the middle of  the walkway 
(Figure 1). The WalkWay pressure-
sensitive carpet system was used to 
record temporal and spatial gait cycle 
parameters as the subject walked 
on the carpet, but only walking 

Figure 1. Diagram of  measurement system to obtain 5- and 2.4-m walking speeds
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ICCs between 5- and 2.4-m walking speeds under 
conditions of  comfortable and maximum pace were 0.945 
(95% confidence interval [CI], 0.928~0.958; p <0.001) 
and 0.923 (95%CI, 0.899~0.941; p <0.001), respectively. 
Mean values and SDs in the difference between 5- and 2.4-
m walking speeds under conditions of  comfortable and 
maximum pace were -0.01±0.07 m/s and -0.02±0.09 m/s, 
respectively. In terms of  consistent bias, 2.4-m walking speed 
was significantly faster than 5-m walking speed under both 
comfortable and maximum pace conditions (comfortable, 
p=0.016, effect size of  Cohen’s d=-0.06; maximum, p 
<0.001, effect size of  Cohen’s d=-0.09). The 95%CI for 
the mean difference in the two comfortable walking speeds 
was -0.02 m/s to -0.002 m/s, and the mean difference in 
the two maximum walking speeds was -0.04 m/s to -0.01 m/s. 
Furthermore, 95%LAO for the two comfortable walking 
speeds was -0.15 m/s to 0.13 m/s, and that for maximum 
walking speed was -0.20 m/s to 0.16 m/s. On the other hand, 
as for proportional bias, significant correlations between 
the mean difference in 5- and 2.4-m walking speeds and 
mean 5- and 2.4-m walking speeds were not apparent under 
either condition (comfortable: r=0.11, 95%CI, -0.03~0.24, 
p=0.116; maximum: r=0.01, 95%CI, -0.15~0.13, p=0.863). 
Bland and Altman plots were drawn to visually depict the 
above results for agreements between 5- and 2.4-m walking 
speeds (Figure 2). Furthermore, differences between 5- 
and 2.4-m walking speeds under both comfortable and 
maximum conditions were not associated with age or sex 
(data not shown). Difference in the two walking speeds under 
comfortable conditions was unrelated to medical history, but 
a weak correlation with the difference in maximum pace was 
identified (Spearman's rank correlation coefficient=0.153, 
p=0.03). 

As for relationships between 5- and 2.4-m walking speeds and 
other physical performance tests (TUG and 5CST), 5- and 2.4-m 
walking speeds correlated significantly with TUG and 5CST 
under both comfortable and maximum pace conditions (Table 

2). Also, in multiple regression analysis adjusting for 
age, sex and IADL score, 5- and 2.4-m walking speeds 
were significantly related to results from the TUG and 
5CST under both conditions (Table 2). At maximum 
walking speed, the difference in correlation coefficients 
between walking speed and TUG was not significant 
(5-m and TUG: r=-0.68; 2.4-m and TUG: r=-0.70; 
difference of  two correlation coefficients, p=0.313). 
The same difference in correlation coefficients between 
walking speeds and 5CST was also not significant 
(5-m and 5CST: r=-0.44; 2.4-m and 5CST: r=-0.45; 
difference of  two correlation coefficients; p=0.865). 
A similar relationship was seen between comfortable 
walking speeds and both TUG and 5CST.

DISCUSSION

This study investigated whether agreement exists 
between 5- and 2.4-m walking speeds in older 
individuals. Under both comfortable and maximum 
walking speeds, ICCs between 5- and 2.4-m walking 
speeds were extremely high and good (all ICCs 

maximum) were investigated using Bland-Altman analysis.21 
Concordance between 5- and 2.4-m walking speeds under 
each condition was analyzed using the intraclass correlation 
coefficient (ICC). Mean values and standard deviations (SDs) 
for differences between 5- and 2.4-m walking speeds under 
each condition were calculated (5-m walking speed minus 
2.4-m walking speed). For consistent bias, mean difference 
in 5- and 2.4-m walking speeds were analyzed using the 
one-sample t-test (null hypothesis: difference between the 
two walking speeds was zero). The 95% limit of  agreement 
(95%LOA) between 5- and 2.4-m walking speeds under 
each condition was determined using the following formula: 
mean difference of  two walking speed ±1.96*SD.21 For 
proportional bias, correlations between the mean difference 
in 5- and 2.4-m walking speeds and the mean of  5- and 2.4-
m walking speeds were investigated using Pearson’s product-
moment correlation. 

In addition, relationships between 5- and 2.4-m walking 
speeds and other physical performance tests (TUG and 
5CST) were analyzed by Pearson’s product-moment 
correlation and multiple regression analysis adjusting for 
potential confounding factors (age, sex and IADL score). 
Statistical differences in correlation coefficients between 
walking speeds and other physical performance tests were 
investigated using Hotelling’s statistic.22 For statistical 
processing, the statistical analysis software R Programming 
Language and Environment (R version 3.2.2) and EZR 
package on R Commander (version 1.30) were used, with 
the level of  statistical significance set at 5%.23,24

RESULTS

Basic characteristic, results of  walking speed and other 
physical performance tests in all subjects are shown in Table 
1. Data from 6 participants were excluded from further 
statistical analysis, because of  missing data for the 2.4-m 
walking speed (in total, 206 data points were analyzed). 

Table 1. Basic characteristics and physical function in all subjects

Variables Mean±SD Range

Age (years) 70.8±4.3 (65–83)
Body height (cm) 155.9±7.3 138.0-177.0
Body weight (kg) 54.8±9.2 38.0-85.0
Score of instrumental ADL (maximum, 5) 4.9±0.3 (3-5)
Medical history, n 0.9±0.9 (0-4)
Medication use, n 1.1±1.1 (0-5)
5-m comfortable walking speed (m/s) 1.44±0.20 (1.01-2.07)
2.4-m comfortable walking speed (m/s) 1.45±0.20 (1.03-1.96)
5-m maximum walking speed (m/s) 1.86±0.23 (1.23-2.43)
2.4-m maximum walking speed (m/s) 1.88±0.23 (1.20-2.55)
5-repetition chair stand test (s) 6.2±1.3 (3.5-10.2)
Timed up-and-go test (s) 5.6±0.8 (4.0-8.7)

Number (%)

Sex (male) 44 (20.8) -
Knee pain (yes) 74 (34.9) -
Low back pain (yes) 80 (37.7) -
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Nevertheless, full consideration of  the 95%LOA suggests 
that about ±0.1 m/s in comfortable walking speed and 
about ±0.2 m/s in maximum walking speed might possibly 
represent the differences between 5-m walking speed and 
2.4-m walking speed. Therefore, when comparing walking 
speeds in older individuals obtained using different methods, 
careful interpretation seems necessary.

The reason for differences between 5- and 2.4-m walking 
speeds cannot be clarified. In the experimental procedures 
of  previous studies,13-15 agreement for different walking 
speeds was investigated by repeated measurements, but 
measurement error, learning effects and fatigue may all 
result from repeated measurements in general. In fact, a 
previous study found that even if  walkway length differed, 
when measurements of  walking speed were repeated, 
walking speed in the second trial was significantly faster 
than that in the first trial.27 On the other hand, for our 
experimental procedure, data for 5- and 2.4-m walking 
speeds were obtained at the same time from the same 
walkway on second trial to control for measurement 

>0.75),25 and no proportional bias was statistically evident. 
On the other hand, in terms of  consistent bias, 2.4-m walking 
speed was slightly faster than 5-m walking speed under 
conditions of  both comfortable and maximum pace. Previous 
studies that have investigated differences between 10- and 
4-m walking speeds also found differences between walking 
speeds,13,15 supporting the results of  our study. However, 
mean differences between 5- and 2.4-m walking speeds were 
0.01 m/s at a comfortable pace and 0.02 m/s at maximum 
pace, representing extremely small mean differences. 
Furthermore, effect sizes between 5- and 2.4-m walking 
speeds were also too small under both conditions to define 
the clinical meaning (-0.06 at comfortable pace, -0.09 at 
maximum).26 That is, differences between 5- and 2.4-m 
walking speeds were suggested to be ignorable because of  
the extremely small mean differences. Agreement between 
5- and 2.4-m walking speeds could thus be defined as close 
to excellent in older individuals. In other words, even if  
walking speeds were obtained from different environments 
such as the patient's house and the clinic, these walking 
speeds may be comparable to each other as reference. 

Table 2. Relationship between 5- and 2.4-m walking speeds and other physical performance tests

Timed Up-and-go Test 5-repetition Chair Stand Test

r†

(95% CI)
B‡

(95% CI)
r†

(95% CI)
B‡

(95% CI)

5-m comfortable walking speed -0.44***
(-0.54,-0.32)

-0.11***
(-0.15,-0.07)

-0.41***
(-0.52,-0.29)

-0.06***
(-0.08,-0.01)

2.4-m comfortable walking speed -0.47***
(-0.57,-0.35)

-0.12***
(-0.16,-0.08)

-0.42***
(-0.53,-0.31)

-0.06***
(-0.08,-0.01)

5-m maximum walking speed -0.68***
(-0.75,-0.60)

-0.17***
(-0.21,-0.13)

0.44***
(-0.56,-0.34)

-0.07***
(-0.09,-0.05)

2.4-m maximum walking speed -0.70***
(-0.76,-0.62)

-0.17***
(-0.21,-0.13)

0.45***
(-0.55,-0.33)

-0.07***
(-0.09,-0.05)

†Pearson’s product-moment correlation coefficient; ‡Unstandardized regression coefficient (adjusting for age, sex and IADL score); ***p <0.001.

Figure 2. Bland-Altman plots for the two walking speeds under each condition

A) Bland-Altman plot for 5- and 2.4-m walking speeds at comfortable pace. Mean difference in the two walking speeds was -0.01 m/s 
(95%LOA, -0.15 m/s to 0.13 m/s). B) Bland-Altman plot for 5- and 2.4-m walking speeds at maximum pace. Mean difference in the two 
walking speeds was -0.02 m/s (95%LOA, -0.20 m/s to 0.16 m/s; p <0.01)
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