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Background. Because the number of elderly people is rapidly increasing, refer-
ence values for the physical abilities necessary to independently conduct daily
activities are crucial for promoting good health. Although a few studies have reported
reference values for functional tests relating to these abilities, all of those values were
derived from populations in developed countries, which have baseline demographic
and anthropometric characteristics different from those of Thai people.

Objective. The purpose of this study was to describe reference values for 5
physical performance tests for Thai elderly people who were functioning well and
dwelling in the community.

Design. A cross-sectional design was used in this study.

Methods. A total of 1,030 Thai elderly people who were functioning well were
cross-sectionally assessed for their physical abilities with 5 functional tests: 10-Meter
Walk Test, Berg Balance Scale, Timed “Up & Go” Test, Five Times Sit-to-Stand Test,
and Six-Minute Walk Test. The data were reported with descriptive statistics accord-
ing to decade of age and sex. Differences among the age decades and between the
sexes were analyzed with a 1-way analysis of variance and an independent-sample
t test, respectively. Multiple linear regression analyses were used to determine
baseline characteristics important in functional abilities.

Results. Most of the values found for the performance-based measures were lower
than those previously reported, with a significant trend toward age- and sex-related
functional decline. Weight and height were important contributors to level of func-
tional ability.

Limitations. Only a few elderly individuals older than 90 years of age participated
in this study. Therefore, their findings were combined with those of participants aged
80 to 89 years.

Conclusions. The findings described here may be useful as reference values for
5 physical performance tests for Thai elderly people. Health practitioners can use this
information to identify functional impairments early and to promote independence in
Thai and other elderly populations with similar anthropometric characteristics, such
as those in the Association of South East Asian Nations.
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The life expectancy of people
has dramatically increased in
recent years.1 This increased

life expectancy has rapidly changed
the structure of elderly populations
worldwide, including those in devel-
oping countries such as Thailand.2

The United Nations reported that
the number of Thai elderly people
would increase from 8% in the year
2000 to 16% in the year 2020. In
other words, the number of elderly
people in Thailand will double in
only 20 years, whereas population
doubling takes 70 to 100 years in
some developed countries.3 Increas-
ing age is likely to be accompanied
by changes in function that affect
the ability to conduct daily activities
independently and by increases in
the number of people who are
dependent in Thailand.4–6 There-
fore, reference values for the physi-
cal abilities necessary in daily living
would provide important guidelines
for the promotion of good health.

Several studies have reported impor-
tant contributors to the ability to be
independent, including safe and effi-
cient ambulatory status, good static
and dynamic balance, adequate
lower extremity muscle strength,
and good functional endurance.4,7,8

These abilities can be quantified
with the 10-Meter Walk Test
(10MWT), Berg Balance Scale (BBS),
Timed “Up & Go” Test (TUG), Five
Times Sit-to-Stand Test (FTSST), and
Six-Minute Walk Test (6MWT).4,9

The validity, reliability, feasibility,
and responsiveness of these tests for
assessing the abilities of elderly peo-
ple in both clinical and community
settings have been verified.4,9–11

Therefore, objective data obtained
with these performance-based mea-
sures would be useful for rehabilita-
tion practitioners in monitoring and
promoting independence in the
elderly population.4

Although some studies have
reported reference values for physi-

cal performance in elderly people,4,9

the findings have faced some criti-
cisms. Steffen et al9 investigated
physical performance in elderly peo-
ple (60–89 years old) using 4 func-
tional tests (10MWT, BBS, TUG, and
6MWT). However, the findings were
derived from a small sample (N�96),
with only 8 to 22 participants in each
age decade. Lusardi et al4 reported
reference values for 6 functional
tests (10MWT, BBS, TUG, 6MWT,
FTSST, and Physical Performance
Test) in 76 elderly people, including
17 who were 90 years old or older.
However, the findings were obtained
from elderly people who walked
with or without a walking device;
thus, the data may not be suitable for
use as reference values for the pro-
motion of good health. In addition,
in several other studies12–20 the phys-
ical performance of elderly people
was investigated with 1 or 2 vari-
ables. However, the findings were
mostly derived from populations
in Western countries, which have
anthropometric characteristics dif-
ferent from those of Thai people.

The distinctive diet, habitat, nature
of work, and geographical location
of general Thai populations have
significant impacts on anthropo-
metric data. Although the height and
weight of the current Thai popula-
tions appear to be greater than those
of Thai populations in the 1980s
and 1990s, they are still smaller
than those of Western populations.21

Therefore, reference values for phys-
ical performance specifically for Thai
populations are crucial to the effec-
tiveness of Thailand’s system for the
promotion of good health. In this
study, we explored the relationship
of physical performance to levels
of independence in Thai elderly peo-
ple who were functioning well
and dwelling in the community. The
findings of this study may also be
applied appropriately to elderly peo-
ple in the Association of South East

Asian Nations or others with similar
sociodemographic characteristics.

Method
Participants
This study was conducted in a cross-
sectional manner with elderly peo-
ple who were functioning well (or
who were independent in perform-
ing basic daily activities without
any difficulty or life-threatening ill-
nesses)22 in several communities in
Thailand from April 2010 to April
2012. A sample size calculation for
a descriptive quantitative research
study23 indicated that the study
needed 1,002 participants.

Participants were recruited through
direct contact with community lead-
ers. Eligible participants were able
to execute daily activities indepen-
dently without a walking device and
did not have a history of falls during
the 6 months preceding participa-
tion in the study. In addition, partic-
ipants needed to have a body mass
index between 18.5 and 29.9 kg/m2

and the ability to understand simple
commands to complete the tests.24

Elderly people with signs and symp-
toms that might affect participation
in the study were excluded; exam-
ples of such signs and symptoms
were inflammation in the joints of
the lower extremities with a pain
level of more than 5 of 10 on a visual
analog scale, sequelae of neuromus-
cular diseases (eg, Parkinson disease,
stroke) that affected balance and
walking abilities, dizziness, acute ill-
ness or injury, unstable heart disease
(eg, angina), and uncontrolled
hypertension. Eligible participants
provided written informed consent
and were given an honorarium for
their participation.

Available With
This Article at
ptjournal.apta.org

• eFigure: Participant Flow Chart
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Study Protocols
A questionnaire was used to assess
the health status of the potential par-
ticipants. This questionnaire was
developed on the basis of data from
previous studies.4,9,25 The content
validity of the questionnaire was ver-
ified by 4 rehabilitation professionals
(3 physical therapists and 1 nurse)
who had clinical experience with
elderly populations. After the con-
tent validity was verified, the ques-
tionnaire was preliminarily tested
with 15 elderly people. Subse-
quently, some items were modified,
rearranged, or deleted to improve
the conciseness, clarity, and com-
pleteness of the questionnaire.

The participants were involved in
the study on 2 days. On the first day,
the potential participants were inter-
viewed and assessed for baseline
demographics and health status with
the questionnaire. This screening
process took approximately 30 min-
utes per participant. On the second
day, the physical performance of
the eligible participants was assessed
with 5 functional tests in a random
order to minimize carryover effects,
such as learning and fatigue, that
might occur because of the sequence
of the tests. Details of the tests
follow.

10MWT. The 10MWT was used to
quantify ambulatory status in terms
of both comfortable gait speed
(CGS) and fast gait speed (FGS). The
participants walked along a 10-m
walkway, and the time was recorded
during the middle 3 m.25 For the
CGS, participants were instructed to
“walk at a usual, comfortable pace,”
and for the FGS, participants were
instructed to “walk at their fastest
and safe speed.” The participants
performed 2 trials at each speed, and
the average time was converted to
gait speed in meters per second.

BBS. The BBS is a standard clinical
assessment that was designed to

measure balance ability in elderly
people dwelling in the community
through the use of 14 static and
dynamic sitting and standing activi-
ties.9,10 A 5-point ordinal scale rang-
ing from 0 to 4 was used to rate the
ability to perform each task in terms
of the time required to execute the
activity. The total score ranged from
0 to 56.26

TUG. The TUG is a simple and
valid method for assessing function.
The time taken to complete the test
is strongly correlated with the level
of functional mobility.12,27,28 The
participants were instructed to stand
up from a standard armrest chair
(with a seat height of 43 cm)17 with-
out using their hands, walk around a
traffic cone that was placed 3 m from
the front edge of the chair, and
return to sit down on the chair. The
time from the command “Go” until
the participant’s back touched the
backrest of the chair was recorded in
seconds, and the average time from 2
trials was calculated.4,28

FTSST. The ability of elderly peo-
ple to rise from a chair or bed inde-
pendently is a crucial fundamental
movement for normal activities.29

The FTSST can be used to predict
independent living because a longer
time to complete the test indicates
the likelihood of disability.30,31 The
participants sat on a standard arm-
less chair (with a seat height of
43 cm)17 with their arms at their
sides, their back upright, and their
feet flat on the floor 10 cm behind
their knees. The participants were
instructed to stand up with their hips
and knees in full extension and then
to sit down 5 times as quickly and
safely as they could without using
their arms. The time from the com-
mand “Go” until the participant’s
back touched the backrest of the
chair on the fifth repetition was
recorded in seconds, and the average
time from 2 trials was used for data
analyses.11,32

6MWT. The 6MWT is widely used
to measure functional exercise
capacity in elderly people dwelling
in the community.4,14,33 It is a sub-
maximal test of aerobic capacity;
hence, the test appears to be a better
measure of exercise endurance than
maximal exercise capacity.9 The par-
ticipants were instructed to walk as
far as possible in 6 minutes around a
rectangular walkway measuring 6 m
by 4 m and marked at 1-m intervals
with an orange traffic cone at each
corner. During the test, an assessor
walked alongside the participants to
ensure their safety and inform them
every minute of the time left. The
participants were able to rest as
needed, but the timing was not
stopped. In addition, they received
the following encouragements at 1,
3, and 5 minutes during the test:
“You have done a good job” (minute
1); “You are halfway done” (minute
3); and “You have 1 minute to go”
(minute 5).9 The distance covered in
6 minutes was recorded to the near-
est meter.

The tests were administered by 5
physical therapists who were famil-
iar with the tests. Before participa-
tion in the study, the testers were
trained to use the same and standard
methods, and their interrater reliabil-
ity for the 5 tests was excellent
(intraclass correlation coefficients�
.90–.99). During administration of
the tests, a tester was always beside
a participant without interruption to
ensure the participant’s safety and
the accuracy of the tests. Further-
more, the participants had to wear
properly sized sports sandals, which
were prepared by the researchers to
minimize risk of injury and reduce
the effects of different shoes on the
outcomes. The participants were
able to rest between the trials and
the tests as needed.

Data Analysis
SPSS for Windows was used for data
analyses (SPSS Statistic 17.0, IBM
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Corp, Armonk, New York). The find-
ings of the study were reported with
descriptive statistics (mean, standard
deviation, range, and 95% confi-
dence intervals) according to sex
and decade of age (60–69, 70–79,
80–89, and 90–99 years old). To
facilitate data interpretation, the
findings between the sexes and
among the age decades were com-
pared by use of the independent-
sample t test and the 1-way analysis
of variance, respectively. Post hoc
analysis (Scheffé test) was used to
identify the difference in every pair-
wise condition. Moreover, multiple
linear regression analyses were used
to determine the contribution of
baseline demographics to the find-
ings from the functional tests. Statis-

tical significance was set at a P value
of less than .05.

Role of the Funding Source
This study was supported by funding
from the Improvement of Physical
Performance and Quality of Life
(IPQ) Research Group, the Faculty of
Associated Medical Sciences, and the
Graduate School, Khon Kaen Univer-
sity, Khon Kaen, Thailand.

Results
Participant Demographics
The study participants were 1,030
Thai elderly people (320 men and
710 women) who were functioning
well and dwelling in the community
(eFigure, available at ptjournal.apta.
org). Of these, 138 participants

reported a controlled underlying dis-
ease, including diabetes (n�116),
hypertension (n�101), hyperlipid-
emia (n�68), heart disease (n�19),
and renal disease (n�12) and rang-
ing from 1 to 4 diseases per partici-
pant. These participants needed
medications; 120 participants (87%)
used 1 or 2 medications, and 18 par-
ticipants (13%) took 3 or more med-
ications daily. Other baseline data
are shown in Table 1. Because only 7
participants were at least 90 years
old, the findings for these partici-
pants were combined with those
for participants who were 80 to 89
years old.

Table 1.
Participant Characteristics According to Decade of Age and Sexa

Sex (No. of
Participants) Variable

Values for Indicated Age Group

60–69 y 70–79 y >80 y

X (SD) Range X (SD) Range X (SD) Range

Men (320) Age, y 65.0 (2.7) 60–69 74.4 (2.9) 70–79 82.9 (3.0) 80–90

Weight, kg 64.3 (8.7) 45–84 58.8 (8.6) 42–82 54.6 (6.9) 43–76

Height, cm 162.2 (6.2) 144–180 160.5 (6.4) 145–183 158.0 (5.0) 141–169

BMI, kg/m2 24.4 (2.9) 18.9–29.9 22.8 (2.8) 18.5–29.7 21.9 (2.7) 18.6–29.7

Women (710) Age, y 65.0 (2.8) 60–69 73.9 (2.7) 70–79 82.8 (3.6) 80–94

Weight, kg 56.9 (7.9) 37–81 53.4 (8.3) 36–74 48.0 (6.3) 37–64

Height, cm 151.6 (5.7) 137–168 150.2 (6.1) 131–170 148.2 (6.1) 134–160

BMI, kg/m2 24.7 (2.9) 18.9–29.9 23.6 (3.0) 18.6–29.9 21.9 (2.3) 18.8–28.4

a BMI�body mass index.

Table 2.
Data From the 10-Meter Walk Test (Comfortable and Fast Gait Speeds) According to Decade of Age and Sexa

Age
(y) Sex

No. of
Participants

Comfortable Gait Speed (m/s) Fast Gait Speed (m/s) Differenceb (m/s)

X (SD) Range 95% CI P X (SD) Range 95% CI P X (SD) 95% CI P

60–69 Men 96 1.16 (0.21) 0.74–1.87 1.12–1.20
�.001

1.48 (0.25) 0.97–2.41 1.43–1.53
�.001

0.32 (0.15) 0.29–0.35
�.001

Women 320 1.08 (0.15) 0.73–1.67 1.07–1.10 1.32 (0.20) 0.82–2.15 1.30–1.34 0.24 (0.13) 0.23–0.25

70–79 Men 180 1.09 (0.20) 0.65–1.80 1.06–1.12
�.001

1.38 (0.25) 0.81–2.23 1.34–1.42
�.001

0.29 (0.14) 0.27–0.31
�.001

Women 329 0.99 (0.15) 0.61–1.51 0.97–1.01 1.21 (0.19) 0.72–1.99 1.19–1.23 0.22 (0.11) 0.21–0.23

�80 Men 44 0.97 (0.20) 0.56–1.40 0.92–1.04
.014

1.26 (0.24) 0.80–1.87 1.19–1.34
.001

0.29 (0.14) 0.24–0.33
.116

Women 61 0.88 (0.18) 0.31–1.33 0.84–0.93 1.10 (0.25) 0.31–1.50 1.03–1.16 0.22 (0.12) 0.18–0.24

a CI�confidence interval. The P values represent comparisons made between the sexes for each age decade with the independent-sample t test.
b Difference between comfortable and fast gait speeds (value for fast gait speed�value for comfortable gait speed).
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Data From Functional Tests
Tables 2, 3, 4, 5, and 6 show data
from the functional tests reported
with descriptive statistics (mean,
standard deviation, range, and 95%
confidence intervals) according to
decade of age and sex. The findings
demonstrated that the physical abili-
ties of male participants were signif-
icantly better than those of female
participants in every age decade

(P�.05) (Tabs. 2–6), except in the
FTSST for those who were 60 to 69
years old (P�.05) (Tab. 5). The find-
ings indicated significant age-related
functional decline for both male
(P�.05) and female (P�.001) partic-
ipants in every test, except in the
FTSST for male participants (P�.05).
In all tests, age, sex, weight, and
height were significant predictors of
the functional data. However, these

variables accounted for only 13% to
23% of the variance in the functional
abilities of the participants.

Discussion
In the present study, we investigated
the physical performance of elderly
people who were functioning well,
who were able to conduct daily
activities independently without a
walking device, and who did not

Table 3.
Data From the Berg Balance Scale (Scores) According to Decade of Age and Sexa

Age
(y) Sex

No. of
Participants X (SD) Range 95% CI P

60–69 Men 96 54.7 (1.2) 51–56 54.4–54.9
.004

Women 320 54.1 (1.7) 48–56 54.0–54.3

70–79 Men 180 53.7 (1.9) 47–56 53.5–54.0
�.001

Women 329 52.2 (2.5) 43–56 52.0–52.5

�80 Men 44 52.2 (2.8) 44–56 51.4–53.1
.003

Women 61 50.1 (4.1) 39–56 49.0–51.1

a Total of 56 scores. CI�confidence interval. The P values represent comparisons made between the sexes for each age decade with the independent-sample
t test.

Table 4.
Data From the Timed “Up & Go” Test (Seconds) According to Decade of Age and Sexa

Age
(y) Sex

No. of
Participants X (SD) Range 95% CI P

60–69 Men 96 9.2 (1.5) 5.4–14.2 9.0–9.5
�.001

Women 320 9.9 (1.4) 7.0–14.6 9.7–10.0

70–79 Men 180 10.2 (1.8) 6.6–16.3 9.9–10.0
�.001

Women 329 11.3 (1.9) 7.4–18.3 11.1–11.5

�80 Men 44 11.9 (3.4) 7.0–21.7 10.9–12.9
.035

Women 61 13.4 (3.7) 8.6–25.6 12.5–14.3

a CI�confidence interval. The P values represent comparisons made between the sexes for each age decade with the independent-sample t test.

Table 5.
Data From the Five Times Sit-to-Stand Test (Seconds) According to Decade of Age and Sexa

Age
(y) Sex

No. of
Participants X (SD) Range 95% CI P

60–69 Men 96 12.9 (3.2) 6.2–22.2 12.2–13.5
.258

Women 320 13.2 (2.8) 7.9–24.3 12.9–13.6

70–79 Men 180 13.5 (3.5) 8.4–25.6 13.0–14.0
�.001

Women 329 14.7 (3.6) 7.3–27.1 14.3–15.1

�80 Men 44 14.2 (3.4) 9.6–23.3 13.3–15.2
.001

Women 61 17.1 (4.6) 9.8–30.7 15.9–18.3

a CI�confidence interval. The P values represent the comparisons made between the sexes for each age decade with the independent-sample t test.
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have a history of falls during the 6
months before study participation.
We used these criteria rather than
recruiting elderly people who did
not have any pathology or underly-
ing disease because it might be diffi-
cult to find elderly people without
any (known or unknown) underly-
ing disease. The criteria that we used
seemed to offer more realistic data
for comparison with data from
elderly people in clinics and
communities.9

Physical performance was measured
in terms of gait speed (10MWT),
static and dynamic balance (BBS and
TUG), lower extremity muscle
strength (FTSST), and functional
endurance (6MWT) because these
abilities have been suggested to be
important contributors to indepen-
dence in elderly people.4,7,8 The find-
ings suggested that the levels of
physical abilities of the participants
in the present study were lower than
those previously reported4,9,12–20 but
still supported a significant trend
toward age- and sex-related func-
tional decline (P�.05) (Tabs. 2, 3, 4,
5, and 6).

The differences between the find-
ings in the present study and those
previously reported may relate
mainly to the baseline demographics
of the participants and to the char-
acteristics and methods of adminis-
tration of the tests. Existing refer-

ence values for elderly people are
from developed countries, in which
demographic data indicate that peo-
ple are taller than Thai people.9,19

Young34 reported that populations
in developing countries have gener-
ally poorer health status than those
in developed countries. The distinc-
tive diet, lifestyle, nature of work,
and geographical location of general
Thai populations also contribute sig-
nificantly to the anthropometric data
that are significantly different from
those of Western populations.21

Moreover, Wang et al35 reported that
Asian populations have smaller mus-
cle size than Western populations.
These findings may explain why the
values for participants in the present
study were lower than those previ-
ously reported.4,9,12–20 In addition,
these findings support the necessity
for reference values for physical abil-
ities specific to Thai people.

The findings of the present study
suggested that age, sex, weight, and
height were significant contributors
to the functional abilities of the par-
ticipants (P�.001). Similarly, Baut-
mans et al36 found that health status,
age, and sex were independent fac-
tors for determining levels of physi-
cal ability in elderly people. There-
fore, the application of reference
values for functional abilities should
be specific for these baseline data.
However, the low predictive capabil-
ity of these demographic variables

for physical performance, particu-
larly the FTSST, and the wide range
of values in the present study (Tabs.
2, 3, 4, 5, and 6) may suggest the
influence of other, uncontrolled fac-
tors, such as various daily lifestyles
and levels of exercise of the partici-
pants. Furthermore, the low impact
of weight and height on the func-
tional data may be associated with
the inclusion criterion for body mass
indexes of 18.5 to 29.9 kg/m2.

Moreover, the differences between
the values in the present study and
the previously published values may
relate to the characteristics of the
tests. The 10MWT, TUG, FTSST, and
6MWT are time-based assessments,
whereas the BBS provides an aggre-
gate score for 14 activities, with each
activity being graded on a 5-point
ordinal scale. Whitney et al37 indi-
cated that the outcomes of time-
based instruments were more sensi-
tive than those of an ordinal scale.
Consequently, the scores on the BBS
in the present study (50.1–54.7
[Tab. 3]) were similar to those pre-
viously reported (50–55),9 whereas
the results of the other tests were
obviously different from those in the
existing literature.4,9,19

Furthermore, the differences
between the values in the present
study and the previously published
values may be associated with the
methods of administration of the

Table 6.
Data From the Six-Minute Walk Test (Meters) According to Decade of Age and Sexa

Age
(y) Sex

No. of
Participants X (SD) Range 95% CI P

60–69 Men 96 389.6 (65.1) 198–603 376.4–402.8
.002

Women 320 366.1 (64.5) 198–547 359.0–373.2

70–79 Men 180 367.5 (81.1) 104–602 355.6–379.5
�.001

Women 329 322.0 (67.2) 144–485 314.8–329.3

�80 Men 44 306.6 (91.9) 115–479 278.6–334.5
.007

Women 61 256.3 (91.6) 72–515 232.9–279.8

a CI�confidence interval. The P values represent comparisons made between the sexes for each age decade with the independent-sample t test.
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tests. For the 10MWT, the different
values (0.88–1.48 m/s [Tab. 2] ver-
sus 0.88–1.96 m/s4 and 1.15–2.05
m/s9) may relate to the settings of
the tests. Bohannon and Williams
Andrews15 reported that gait speed
was measured over a distance of 3 to
30 m of the total distance of a 6- to
30-m walkway. However, Finch et
al38 suggested that acceleration and
deceleration periods of walking take
up to 3 m. Therefore, to measure
walking speed during a rhythmic
phase, we allowed 3.5 m before and
after timing and recorded the time
over 3 m in the middle of the 10-m
walkway.25 We measured both CGS
and FGS and the differences
between FGS and CGS because evi-
dence suggested that CGS may only
partially reflect the potential to par-
ticipate in a community.39 The abil-
ity to voluntarily increase gait speed
may better reflect the residual capac-
ity for a community challenge.40 Fur-
thermore, differences in walking
speed help to clearly indicate and
quantify how well people can adapt
their gait patterns to various
demands during daily activities.39

The findings demonstrated that par-
ticipants in higher age decades had
fewer differences between FGS and
CGS (Tab. 2).

For the TUG and the FTSST, the dif-
ferences between the findings of the
present study and those in previous
reports4,9 (9.2–13.4 seconds [Tab. 4]
versus 7.3–14.7 seconds4 and 8–11
seconds9 for the TUG and 12.9–17.1
seconds [Tab. 5] versus 8.4–18.0
seconds4 for the FTSST) may relate to
contributions of the arms and seat
height of the chair during the tests.
Using the arms may increase the
level of mobility, but the resulting
findings may not reflect actual abili-
ties for balance control and lower
limb function.41 Therefore, we did
not allow participants in the present
study to use their arms while per-
forming the tests. In addition, these
tests can be performed with an arm-

rest (for the TUG) or an armless (for
the FTSST) chair with a seat height
ranging from 40 to 46 cm.29 Previous
studies suggested that the minimum
seat height for successful rising for
elderly people appears to be 120% of
the lower leg length with approxi-
mately 100 degrees of knee flex-
ion.42,43 Therefore, we used a chair
with a 43-cm seat height and foot
placement 10 cm behind the knees
to allow an appropriate starting posi-
tion.17 Janssen et al41 indicated that
an inappropriate seat height may
affect a person’s ability to complete
the sit-to-stand task. However, the
seat height was shown to predict
only 2% of the variance in FTSST per-
formance in elderly people who
were healthy.29

For the 6MWT, the differences in the
findings (256.3–389.6 m [Tab. 6] ver-
sus 324.4–497.7 m,4 392–572 m,9

and 383–820 m19) may relate to the
methods of instruction and the char-
acteristics of the walkway. In previ-
ous studies, the participants were
instructed to walk at a comfortable
or fastest pace along an oval walking
track (from end to end) or a large
rectangular walkway.4,9,19 The differ-
ent walking speeds indicated in the
instructions may have had a signifi-
cant influence on the distance cov-
ered in 6 minutes. Moreover, the
number of turns, particularly total
turns, considerably affects walking
speed and the outcomes of the
6MWT.44 Therefore, in the present
study, we assessed the 6MWT along
a rectangular walkway and instructed
the participants to walk for as long
as possible in 6 minutes to allow
them to select a speed at which they
could cover the greatest distance
for the test. However, the study was
conducted in many communities,
where it was difficult to find large
areas of equal sizes to perform the
test. Therefore, after a community
survey, we found that a rectangular
walkway measuring 6 m by 4 m was
best for performing the test in differ-

ent areas. However, this walking
area was smaller and, thus, the walk-
ing path contained more turns than
the walking area used in a previous
study (30 m � 2.3 m)9; these factors
may have reduced the distance cov-
ered in 6 minutes.

Because increasing age likely is asso-
ciated with greater impairments of
many body systems,45 participants
in higher age decades—particularly
female participants—showed lower
levels of physical performance
(Tabs. 2, 3, 4, 5, and 6). Nicklett46

found that women had more func-
tional limitations in all age decades
for both activities of daily living and
instrumental activities of daily living,
and the differences between the
sexes increased with age. Other
investigators also found higher rates
of mortality among men and higher
rates of disability among women.47,48

Therefore, the men included in a
higher age band would represent
the male participants who were the
healthiest, whereas the women
would have a blend of health sta-
tuses. This factor may be another rea-
son why male participants showed
higher levels of functional ability
than female participants or why the
decrease in physical ability with
increasing age in male participants
was smaller than that in female par-
ticipants. The effects of age- and
sex-related functional decline may
also explain the nonsignificant differ-
ence in the findings for the FTSST,
which represents a fundamental
daily activity,29 in participants with a
lower level of functional deteriora-
tion, that is, participants who were
60 to 69 years old (Tab. 5) and male
participants.

Because the number of elderly peo-
ple is rapidly increasing, reference
values for standardized testing pro-
cedures are required to promote
good health in elderly people. The
findings of the present study sug-
gested that the application of refer-
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ence values should be specific to a
particular age range and sex (for
which a small range of 95% confi-
dence intervals may confirm the util-
ity of the findings), in particular,
elderly people with anthropometric
characteristics similar to those in the
present study (eg, people in coun-
tries in the Association of South East
Asian Nations).

Nonetheless, data covering a wide
range of values (minimum–maxi-
mum values), particularly for elderly
participants in higher age decades
(Tabs. 2, 3, 4, 5, and 6), may suggest
the influence of uncontrolled fac-
tors, such as daily lifestyle, level of
exercise, and the number of under-
lying diseases. In addition, the partic-
ipants were a convenience sample
with a large number of women in
lower age decades (60–69 and
70–79 years old), and only 7 partic-
ipants were 90 to 99 years old (2
men and 5 women). Therefore, the
data for the latter participants were
combined with those for partici-
pants who were 80 to 89 years old.
Furthermore, the seat height of the
chair was not individually adjusted
for each participant. Standing from
an inappropriate seat height may
affect the outcomes of the TUG and
FTSST.41 However, we attempted to
minimize this effect by defining the
starting position (back upright with
ankle placement 10 cm behind the
knees). Further study with system-
atic sampling, larger numbers of
elderly people in higher age decades,
and delicately controlled demo-
graphic variables would strengthen
the findings.
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