
Original Manuscript

Gerontology & Geriatric Medicine
Volume 7: 1–7
© The Author(s) 2021
Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/23337214211048955
journals.sagepub.com/home/ggm

Standard Error of the Mean and Minimal
Detectable Change of Gait Speed in Older
Adults Using Japanese Long-Term Care
Insurance System

Yui Takada, RPT1
 and Shigeharu Tanaka, PhD2

Abstract
Evaluation of motor function, such as gait ability, can accurately predict the subsequent occurrence of disability in older adults.
There are no reports of standard error of the mean (SEM) or minimal detectable change (MDC) with respect to gait in Japanese
long-term care insurance-certified individuals. The purpose of this study was to investigate the values of preferred gait, fast gait,
and the timed up and go (TUG) test. This study included 46 participants using the Japanese long-term care insurance system. (age
86.5 ± 6.6 years, 12 men, 34 women). The duration of three gait were measured twice using a stopwatch. The SEM was 0.07 for
preferred gait, 0.09 for fast gait and 2.59 for TUG. The MDCwas 0.19 for preferred gait, 0.26 for fast gait, and 7.17 for TUG. The
SEM and MDC values of preferred gait, fast gait, and TUG in this study corroborated with those of previous studies, whereas
others were different. Considering that gait speed differs with the country, it may be difficult to compare it among different
population groups. We obtained the results of gait speed of Japanese long-term care insurance-certified individuals, which is a
new finding
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Introduction

The aging rate in Japan (Cabinet Office Japan, 2020) is
28.1%, and the average life expectancy is steadily increasing,
reaching 81.14 years for men and 87.45 years for women.
Healthy life expectancy is a new health indicator proposed by
the World Health Organization (WHO). This is the average
period of time one is healthy without being impeded by
illnesses/injuries in their daily life. In 2016, the difference
between average life expectancy and healthy life expectancy
(Cabinet Office Japan, 2020) was 8.84 years for men and
12.35 years for women and each municipality in Japan is
working to close the gap. A comparison of healthy life ex-
pectancy between 2001 and 2016 (Cabinet Office Japan,
2020) shows a slight stretch of 0.17 years for males and
0.07 years for females.

Older adults have decreased motor function due to aging,
and gait speed in their 70 s is 17–20% lower than that in their
20s (Elble et al., 1991). The evaluation of motor function,
such as gait ability, can, reportedly, accurately predict the
subsequent occurrence of disability in older adults (Guralnik
et al.,1995, 2000). Previous studies have indicated that
normal gait speed in older adults is related to disability,
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cognitive impairment, institutionalization, falls, and death
(Graham et al., 2008; van Kan et al., 2009). Gait speed is a
screening tool that needs to be evaluated to provide insights
into the functional capacity and safety of older adults and is
treated as a “sixth vital sign” for daily life (Fritz & Lusardi,
2009). Furthermore, increased gait variability has been
suggested to be associated with an increased risk of future
falls and predicts clinical outcomes, such as fall incidence and
admission to nursing homes (Hausdorff et al., 2001).
Stephanie et al., (2003) clarified that walking speeds below
1.0 m/s increased the risk of death. From these studies, it is
hypothesized that measurement of gait speed may identify the
pre-stages of disability in older adults.

Quantitative measurement is objective and indispensable
for the evaluation of gait ability. Gait analysis using various
devices, such as a three-dimensional motion analysis device,
an accelerometer, a floor reaction force meter, and a treadmill,
has been put into practical use. However, these devices are
costly, complex to operate, and take too long to analyze,
restricting them to only laboratory use, and making them
difficult to implement in routine clinical practice (Toro et al.,
2003). Measuring gait ability using a stopwatch, however, is
simple and inexpensive compared to using mechanical de-
vices. Furthermore, because the results obtained are universal
in terms of speed, it is easy for patients to understand them.
Test methods for examining gait speed in older adults include
not only mean and standard deviation but also mean standard
error (SEM) and minimum detectable change (MDC) (Shimoi
& Tani, 2010). Currently, there are few articles that have
reported SEM and MDC of gait in older adults (Fiser et al.,
2010; Goldberg & Schepens, 2011; Kwon et al., 2009).
Furthermore, there are no reports on SEM or MDC of gait in
Japanese older adults using a long-term care insurance sys-
tem, and the understanding of the accurate gait ability in older
adults is limited.

In Japan, there is a system called the long-term care in-
surance that mainly covers adults aged >65 years. The level of
disability is divided into seven categories: those requiring
support 1 and 2, and those requiring nursing care 1–5, with
support 1 being the mildest. Those who require support 1 are
able to perform basic daily life activities (eating, using the
toilet, bathing, and cleaning) at home by themselves. How-
ever, this program is for people who need to be looked after or
assisted in any one or some of the instrumental activities of
daily living (shopping, money management, medication
management, and telephone use). Those who need support 2
are those who in addition to needing support 1 and have
unstable walking conditions due to lower limb muscle
weakness. These people may need nursing care in their daily
lives in the future. Nursing care 1 also applies to people who
need help with some of the activities of daily living because
they are unsteady walking or have reduced strength in their
lower limbs. Nursing care 2 is for people who need daily
assistance with some or all activities of daily living. People
who are able to perform activities of daily living but show

symptoms of dementia and may have trouble in their daily
lives are also eligible. Nursing care 3 is for people who have
difficulty walking independently and use a cane, walker, or
wheelchair. This category includes people who need help
with all parts of their daily life, including manual handling.
Nursing care 4 is for those who require a wheelchair for
mobility and are unable to lead their daily lives without
constant nursing care. This category is for people who need
full nursing care, but are still able to talk. Nursing care 5 is for
those who, mostly bedridden, have difficulty communicating,
and are unable to eat on their own. Individuals can receive the
services they need according to these conditions (The
Longevity Science Foundation, 2018).

In the care environment, it is important to determine
whether physical capabilities are improving or declining, as
this is relevant for predicting future disability and health span.
However, it is difficult to measure physical functions for the
same using sophisticated equipment, such as treadmills;
hence, it is more useful to measure easy-to-perform physical
functions. At our facility, we measured the gait speed of those
who were able to walk, including those who needed nursing
care, once every 2–3 months. By using the measurement error
shown in this study, it is possible to clearly determine the state
of physical function, and thus determine whether the exercise
currently being performed is sufficient.

The purpose of this study was to measure the speeds of
preferred gait, fast gait, and timed up and go test (TUG) in
Japanese older adults using the long-term care insurance
system, and to clarify the SEM and MDC of gait speed.

Methods

Participants

This cross-sectional study included 46 participants using the
Japanese long-term care insurance system (age 86.5 ±
6.6 years, 12 men, 34 women). The mean values and per-
centages for all variables are presented in Table 1. This study
was conducted between January and February of 2020. The
inclusion criteria were that the patient could walk 11 m or
more without a cane or support and that they had the cognitive
ability to understand the measurement. G-power 3.1.9.4 was
used to calculate the sample size, with an effect size of 0.8, α
of 0.05, β of 0.8, and the mean and standard deviation of
preferred gait as inputs. The results showed that the sample
size required was 21 participants. Similarly, the same sizes of
fast gait and TUG were calculated, but the results remained
the same. Because of the possibility of changes in physical
condition, we included that is 46 participants as mentioned
above.

Ethics

This study was approved by an appropriate review board
(2019-1). The purpose and content of the study were fully
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explained to the participants in writing, and informed consent
was obtained.

Procedure

One physical therapist (PT) measured the times of (1) pre-
ferred gait, (2) fast gait, and (3) TUG using a stopwatch. Each
measurement was performed twice, and the retest was per-
formed 1–7 days after the first measurement. The measure-
ments were taken in a quiet, straight, level hallway of the
welfare facility. Care was taken to avoid distractions, by
evaluating one person at a time.

Preferred Gait. The participants walked a total of 11 m on
pedestrian paths with 3 m of reserve roads in front and behind.
Markers were placed at the start and end positions of the 5 m
walkway. The gait speed at which the foot passed the marker
at the start position and the speed at which both feet passed
the end position was measured over an auxiliary path of 3 m.
Before the participants started walking, one PT instructed
them to walk at their usual pace. The time required for a 5 m
walk was measured once.

Fast Gait. As with preferred gait, the participants walked a
total of 11 m on the promenade, and the gait speed was
measured. Before the participants started walking, one PT
instructed them to walk as fast as possible. The time required
for a 5 m gait was measured once.

Timed Up and Go Test. A marker cone was placed 3 m from a
chair. The participants got up from the chair, walked 3 m at a
preferred and safe pace, walked back to the chair, and sat
down. The time taken for the gait was measured once.

Statistical Analyses

The standard deviation (SD) was calculated using two
measured values obtained from the measurements. The in-
traclass correlation coefficient (ICC) was calculated to

examine the reliability of all participants at each speed. SEM
and MDC were calculated using the following formulas:
SEM = SD√ (1-ICC), MDC = SEM × √2 × 1.96. The
classification of Landis and Koch (1977) was used to evaluate
the ICC result. The R commander version R-2.8.1 was used
for the statistical analyses in this study. Statistical significance
was set at p < .05.

Results

The Japanese long-term care insurance system is classified
into seven categories based on the need for support and the
level of care: support 1 and 2 and Nursing care 1–5. Eight
participants required support 1, 6 required support 2, 29
required care 1, 2 required care 2, and 1 required care 3.
Thirteen participants needed a cane and 33 participants did
not. No physical changes were observed between the first and
second measurements. Table 2 shows the measurement re-
sults for all participants. The average preferred gait speed for
5 m was 0.78 ± 0.26 m/s. The ICC was 0.93, which was
considered excellent. The SEM was 0.07, and the MDC was
0.19. The average fast gait speed for 5 m was 0.98 ± 0.37 m/s.
The ICC was excellent (0.94). The SEM was 0.09, and the
MDC was 0.26. The mean TUG score was 16.97 ± 6.95 s,
ICC was 0.86, SEM was 2.59, and MDC was 7.17. (Table 3)

Discussion

In Japan, the difference between average life expectancy and
healthy life expectancy is 8.84 years for men and 12.35 years
for women (Cabinet Office Japan, 2020). The classification of
the long-term care insurance is divided around motor function
(The Longevity Science Foundation, 2018), and it is nec-
essary to maintain proper motor function in order to lead a
healthy life. In addition, since there are several reports that
gait speed predicts falls, longevity, and living range, it is
important to evaluate gait speed (Fritz & Lusardi, 2009;
Graham et al., 2008; Guralnik et al.,1995, 2000; Hausdorff
et al., 2001; Studenski et al., 2011; van Kan et al., 2009).
However, although there are some previous studies on the gait
ability of older adults in Japan (Fiser et al., 2010; Goldberg &
Schepens, 2011; Kristensen et al., 2019; Kwon et al., 2009),
there are no studies showing the SEM or MDC of gait speed
in older adults using the long-term care insurance system. By
clarifying these issues, changes in gait speed can be easily
understood and may enable the assessment of motor content
and predict the progression in the degree of disability. It may
also help healthcare professionals understand the functioning
of older adults and build better intervention methods. The
results of this study were 0.07 m/s for SEM of preferred gait,
0.19 for MDC, 0.09 for SEM of fast gait, and 0.26 for MDC.
The SEM of the TUG was 2.59 and the MDC was 7.17. We
believe that this quantification of SEM and MDC will enable
appropriate evaluation of treatment programs.

Table 1. Characteristics of the study population (n = 46).

Age (yrs) 86.5 ± 6.6
Sex, female 34 (73.9)
Body mass index (BMI) (km/m2) 23.4 ± 4.2
Cane support 13 (28.3)
Heart disease 7 (15.2)
Diabetes 5 (10.9)
Hypertension 15 (32.6)
History of cancer 2 (4.3)
History of cerebrovascular accident 6 (13.0)
History of fracture of lower limb 7 (15.2)

Values are mean ± standard deviation or n (%).
BMI, body mass index.
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Goldberg and Schepens (2011) evaluated the 4 m gait
speed of 30 community-dwelling older adults aged 60 years
and older. According to their study, the average gait speed
was 1.077 m/s, the SEM was 0.049, and the MDC was 0.136.

Fiser et al. (2010) reported a 10 min treadmill habitual gait
speed SEM of 0.04. In addition, Kwon et al. (2009) compared
the 4 m gait speed of 424 people aged 70–89 years, and
reported that the SEMwas 0.03–0.05, and theMDCwas 0.08.

Table 2. Results of gait speed (n = 46).

Preferred gait first Preferred gait second Fast gait first Fast gait second TUG first TUG second

1 0.86 0.91 0.98 0.98 17.56 15.22
2 1.24 1.27 1.87 1.72 7.56 8.4
3 0.99 1.07 1.27 1.39 12.03 11.9
4 1.26 1.18 1.70 1.75 9.72 8.53
5 1.43 1.40 1.95 1.69 7.46 8.12
6 0.31 0.32 0.32 0.35 31.53 26.78
7 0.85 1.10 1.08 1.47 11.9 11.56
8 0.80 0.93 0.97 1.05 12.6 12.25
9 0.70 0.82 0.93 0.87 16.84 16.32
10 0.74 0.77 0.81 0.93 21.28 16.12
11 0.64 0.66 0.80 0.97 14.59 13.63
12 0.65 0.62 0.66 0.64 24 21.09
13 1.22 1.17 1.74 1.85 11.59 10.06
14 0.67 0.39 0.67 0.55 14.47 32.25
15 0.49 0.50 0.58 0.50 25.41 26.13
16 0.79 0.79 1.01 1.01 12.5 13.94
17 1.16 1.00 1.21 1.23 13.5 13.44
18 0.75 0.71 0.99 0.77 12.55 15.5
19 0.94 1.05 0.96 1.29 9.35 10.56
20 0.67 0.70 0.93 0.87 11.4 12.75
21 0.93 0.93 1.11 1.11 13.07 14.94
22 0.53 0.43 0.60 0.53 21.41 24.59
23 0.62 0.64 0.81 0.73 16.43 19.69
24 0.71 0.83 1.11 0.92 14.09 13.81
25 0.50 0.73 0.95 1.10 24.75 18.19
26 0.59 0.59 0.67 0.70 23.16 20.22
27 0.35 0.36 0.45 0.45 24.47 25.59
28 0.56 0.54 0.64 0.61 19.34 20.54
29 1.07 0.84 1.36 1.18 11.97 10.31
30 0.91 0.87 1.03 1.17 11.32 12.71
31 0.44 0.63 0.77 0.90 25.72 23.07
32 0.83 1.01 1.22 1.49 12.22 13.37
33 0.60 0.62 0.95 0.68 18.12 18.59
34 0.98 1.07 1.07 1.18 12.72 11.81
35 0.64 0.67 0.79 0.80 16.79 17.47
36 1.10 1.06 1.47 1.27 10.25 12.19
37 0.73 0.86 0.91 0.89 15.88 12.9
38 0.98 0.94 0.99 1.02 14.69 15.75
39 0.63 0.70 0.86 0.87 21.5 23.13
40 0.99 1.10 1.29 1.23 8.97 10
41 0.96 0.91 1.05 1.05 13.72 13.4
42 0.21 0.19 0.22 0.23 43.19 39.63
43 0.81 0.71 1.38 1.27 18.53 16.69
44 0.80 0.84 0.97 1.01 15.91 12.88
45 0.46 0.42 0.56 0.56 26.18 35.32
46 0.56 0.55 0.65 0.67 25.47 22.56

Preferred gait, Fast gait (m/s), TUG (s).
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On the other hand, the TUG results of this study averaged
16.97 ± 6.95 s. In a previous report by Kristensen et al.
(2019), the SEM of the TUG was 1.7, and the MDC was 4.6.
Some of these results are similar in SEM and MDC values to
those in this study, whereas others are different. According to
a meta-analysis by Bohannon and Williams Andrews (2011),
gait speed using a stopwatch varies from country to country.
For example, the average values measured in women aged
70–79 years are 1.21 m/s in the United States, 1.29 m/s in
Germany, 1.12 m/s in Australia, 1.05 m/s in Japan, and
1.13 m/s in Sweden. Based on these facts, it may be difficult
to compare the results among countries, even if the partici-
pants are of the same age. This study obtained the results of
gait speed and TUG tests for Japanese older adults. This is a
novel finding of this study, which can lead to a better un-
derstanding of older adults in Japan.

The participants of this study were older adults; therefore,
it is necessary to avoid measurement bias due to fatigue. The
three types of gait, such as preferred gait, fast gait, and TUG,
were measured once, and the same measurement was re-
peated 1–7 days later. Almarwani et al. (2016) measured these
parameters twice with an interval of 1 week, which is a
method similar to that in the current study. Other methods
have also been reported, and in a report that measured the gait
speed of patients with hip fractures, a rest time was set when
measuring the gait speed for 10 m, and it was performed twice
a day (Hollman et al., 2008). In a previous study, mea-
surements were performed six times in total. Measurements
were taken twice a day at different intervals of time, within 1–
4 days (Verghese & Xue, 2011). In another report (Lewek &
Robert, 2019), measurements were recorded twice in 19 ±
13 days, and preferred gait and fast gait were measured thrice
at a time. In yet another study (Steffen et al., 2002), mea-
surement was performed twice in succession and the average
value of the two measurements was used. The ICC in this
study was 0.93 for preferred gait, 0.94 for fast gait, and 0.86
for TUG, which are considered to be perfect according to the
classification by Landis and Koch (1977). The ICC for gait
speed were 0.94–0.95 by Unver et al.(2017); 0.97 by
Bohannon and Wang (2018) and Nair et al. (2012); 0.93 by
Kristensen et al.(2019); 0.97 by Steffen et al.(2002); and 0.99
by Podsiadlo and Richardson.(1991) However, as per the
report by Rockwood et al. (2000), ICC was 0.56, which was
inferior to that of this study. From the above findings, it can be
deduced that the method used in this study is useful for

evaluating gait speed in Japanese older adults using the long-
term care insurance system, and it is a useful method for
measuring motor function in clinical practice.

This study has some limitations. The only inclusion cri-
terion was that the individual should have been certified by
the long-term care insurance system, should be able to walk
11 m or more without a cane or support, and could cognitively
understand the measurement. Under these conditions, all
participants were grouped and evaluated using a stopwatch.
However, it has been reported that older adults are less stable
than young adults and have greater time fluctuations
(Almarwani et al., 2016). In addition, gait speeds measured
by using an accelerometer or a stopwatch are different
(Maggio et al., 2016). A study with a high proportion of
female participants also reported that gait speed slowed by
0.003 m/s for every 1% increase in female participants (Peel
et al., 2013). Furthermore, it has been reported that inter-
individual variation is likely to occur because of cognitive
impairment (Dixon et al., 2007). Lewek and Robert (2019)
reported the importance of grouping by baseline gait speed to
accurately quantify MDC. Therefore, in the future, it will be
necessary to increase the number of cases, clarify the
background of cases, such as blood pressure and pulse, and
quantify SEM and MDC grouped by sex, cognitive aspect,
and gait speed.

Conclusion

The normative reference values in this study may be useful in
interpreting measurements of gait speed in older adults using
the Japanese long-term care insurance system. However, the
reliability of gait speed measurements is limited, in turn their
usefulness in making decisions about changes in treatment.
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