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Background/purpose: Impaired mobility is one of the primary causes of declined functional ca-
pacity in old age. The timed up-and-go test (TUG), a common mobility test, has been studied
extensively in Western countries. The purposes of this study were to compare and identify fac-
tors associated with TUG performance in older adults with impaired mobility and living in
different cities in Taiwan.
Methods: Older adults living in Taipei, Tainan, and Niaosong cities were screened for
mobility impairments and then recruited. A series of questionnaires and physical and func-
tional tests were used to obtain information and measurements for potential contributing
factors and TUG. Regression analysis was conducted to determine factors contributing to
TUG.
Results: A total of 413 older adults participated in the study. The mean TUG was 14.3 seconds
for participants across the three cities, and was significantly shorter in Tainan. Age, number
of medications, fear of falling, depression, high intensity activity time, reaction time, single
leg stance time, and functional reach distance were found to have significant contribution.
These factors accounted for approximately half of the variance in TUG. The regression equa-
tions were not equal for the different cities, with depression being the only common deter-
minant.
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Conclusion: Taiwanese older adults with mobility problems living in different cities per-
formed differently in TUG and the contributing factors were also different. These findings
indicate a need of further studies examining older adults in different environments.
Copyright ª 2016, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

Aging is inevitably accompanied by changes in the functions
of many systems of the body. As a result, deterioration in
health and functional capacity is often seen in older adults.
How best to reduce these age-related problems and
healthcare costs is of crucial importance, especially for
developing countries.1

Taiwan has become an aging society in the past
15 years.2 Since then, the older population in Taiwan has
been increasing at a rate that is twice of that in the USA.3

With such a rapid growth, there is no doubt that the pro-
motion of health and functional capacity of Taiwanese
elderly deserves special attention. However, in spite of a
large number of studies focusing on health promotion in
Taiwan, research pertaining to a better understanding of
functional capacity is scarce. Particularly lacking is infor-
mation that could help to identify the underlying risk fac-
tors for declined functional capacity of older adults living in
different environments or cities.

One of the primary causes of declined functional ca-
pacity is impaired mobility. The ability to move from one
place to another safely is the building block of activities of
daily living, and thus is crucial to independent living.
Impaired mobility is common in old age and has been found
to be associated with a greater risk of falling within the
following year, further deterioration of functional capacity,
and subsequent institutionalization.4e12 These findings
suggest that older adults who already have mobility prob-
lems are likely to suffer greater adverse effects of aging
and thus it is reasonable to view such a population as the
prime target for functional capacity promotion.

A variety of performance-based tests are used clinically
and in research to measure mobility. The timed up-and-go
test (TUG) is among the most frequently used. The TUG
measures the time taken to rise from a seated position,
walk 3 m at a natural pace, walk back to the chair, and sit
down.13,14 The test requires only a stopwatch and a chair
and is easy to administer. The reliability of the TUG has
been demonstrated in the literature to be good.14e16 When
tested against other mobility tests, such as Tinetti Mobility
Index or Barthel Index, the TUG was also found to have
good validity.14,15

In studies from the USA, the range of TUG performance
varies widely. When individuals who did not have histories
of diabetes mellitus, substantial neurological disorders, or
acute musculoskeletal disorders were instructed to walk
quickly during the test, the mean TUG time ranged from
7.27 seconds to 8.54 seconds for metropolitan adults aged
60e79 years.17 A much longer time (15 seconds) was re-
ported when 60e90-year-old individuals in an inner city
were instructed to walk at a self-paced speed for 10 feet
(3.05 m).18 In studies from the USA that instructed partic-
ipants to walk at their self-selected pace for 3 m during the
TUG, the performance also ranged widely: for 60e89-year-
old participants, excluding those with conditions that could
affect the test performance, the mean TUG time ranged
from 8 seconds to 11 seconds.19,20 It is not clear what type
of environment the participants were recruited from in the
above studies.

The TUG is also used widely in Taiwan to measure
mobility of older adults clinically and in research. In 2004, a
study tested 1200 Taiwanese older adults living in a rural
area and reported a mean TUG time of 13.3 seconds.16 As
for older adults who have impaired mobility or live in
different cities, information pertaining to performance of
the TUG and its contributing factors is lacking. The pur-
poses of this study were to compare the performance of
TUG and identify its contributing factors in older adults
with impaired mobility living in Taipei, Tainan, and Niao-
song, three cities differing in their level of urbanization in
Taiwan. The findings will help to provide information for
intervention planning for the promotion of functional ca-
pacity for older adults in Taiwan.
Methods

Participants

This was a cross-sectional study conducted simultaneously
in Taipei, Tainan, and Niaosong district, in Kaohsiung,
Taiwan. Participants were recruited on a voluntary basis via
posters at local senior leisure activity centers and news
releases to local newspapers and radio stations. Specially
trained research assistants first interviewed the volunteers
to screen for their qualifications. The inclusion criteria were
older than 65 years, living in the community, and having any
of the following conditions: (1) histories of multiple falls or
seeking medical help for fall-related problems in the past
year; (2) difficulties in sit-to-stand transfer; or (3) unsteady,
asymmetrical or slow gait. Those who were unable to
comprehend simple movement instructions, with acute pain
or inflammation that would affect mobility, or required
hands-on assistance in transfer or walking 3 meters were
excluded. The screening tests and subsequent measure-
ments were conducted in the community senior leisure ac-
tivity centers or research facilities that were near the
participants’ homes or could be easily accessed via public
transportation. This study was approved by the institutions
where the study was conducted and written informed con-
sent was obtained from all participants.
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Procedures

Participants first were inquired about their basic informa-
tion on age, marital status (single or married), education
(years in school), living arrangement (alone or with people;
house type, and duration), and the number of medication
and comorbidity using a structured questionnaire. The Mini
Mental Status Examination (MMSE)21 and Geriatric Depres-
sion Scale (GDS)22,23 were used to measure cognitive func-
tion and depression symptom, respectively. The
International Physical Activity Questionnaire Short Form24

was used to measure the level of physical activity, and
the time (in min/wk) conducting moderate or high intensity
activity within the past week was calculated. Fear of falling
was measured using a 5-level Likert scale, with 1 being no
fear at all to 5 being extremely fearful. Participants then
went through a series of performance tests, including
physical function, balance, and mobility.

Physical function

Visual contrast sensitivity: The Melbourne Edge Test was
used to measure visual contrast sensitivity.25

Proprioception: A leg matching task was used to measure
the knee joint position sense.26 The participant was seated
in a high chair with the thighs completely supported and
both lower legs dangling freely without contacting each
other, and eyes closed. The participant was instructed to
simultaneously move both lower legs up and place the two
big toes at the same level. The angle difference (�) be-
tween the two lower legs was read from a transparent
plastic protractor board erected vertically between the two
legs. The test was repeated five times and the means were
used for data analysis.

Leg strength: A spring gauge tensiometer was used to
measure the isometric strength of knee extension and
flexion of the dominant leg. The participant was seated in a
high chair that allowed the lower leg to dangle vertically
while the thigh completely supported by the seat. A strap
connected to the spring gauge was attached around the
lower leg immediately above the malleolus. The participant
was instructed to extend or flex the leg as forcefully as
possible. The test was repeated three times and the means
were used for data analysis.

Reaction time: A simple reaction time paradigm that
required the participant to press a button with a finger
upon seeing a light was used to measure the reaction time.
The test was repeated 10 times and the means were used
for data analysis.

Balance

Static standing balance: The ability to remain standing on
one leg was used to measure static balance ability. The
participant first stood upright with the arms across the
chest, then raised the nondominant leg off the ground. A
stopwatch was used to record the time the participant was
able to remain standing on one leg (up to 30 seconds).

Dynamic standing balance: The Functional Reach Test
was used to measure the ability to reach one’s limits of
stability.27 The participant first stood next to a yardstick
suspended horizontally at the height equal to the acromion
process. The participant then raised one arm to 90� and
reached forward as far as possible without moving the feet
or losing balance. The reach distance was read from the
yardstick and recorded.

Mobility

The TUG test was used to measure mobility. A stopwatch
was used to record the time taken for the participant to
stand up from a standard chair (43 cm), walk 3 m at natural
pace, turn around, and sit back down to the chair.

Statistical analysis

Descriptive analysis was conducted to demonstrate the
basic characteristics of the participants in the three areas.
The between-area difference in age was tested with one-
way analysis of variance with post hoc least significant
difference test as indicated. For nominal variables,
including sex, marital status, and living arrangement, Chi-
square tests were used to test the differences in distribu-
tion between the three cities. Because the distribution for
reaction time and TUG data were skewed, their log trans-
formed data were used for inferential statistical analysis.

To investigate between-area differences, multivariate
ANOVA with age and sex entered as covariate and post hoc
least significant difference test were used for continuous
variables, including body mass index (BMI), education, ac-
tivity level, leg muscle strength, proprioception, reaction
time, single leg stance time, functional reach distance, and
TUG time. For ranking variables, including number of
medications and comorbidity, MMSE, GDS, fear of falling,
and visual contrast, the KruskaleWallis test with follow-up
pairwise ManneWhitney U test was used for between-area
comparisons.

An enter-mode regression analysis with TUG as depen-
dent variable and all potential factors as independent
variables was first conducted for all participants across the
three areas to look for common significant contributing
factors. The potential factors included age, sex (female),
BMI, marital status (married), living arrangement (living
with people, house type, and duration), education,
numbers of medications and comorbidities, fear of falling,
MMSE, GDS, moderate and high intensity activity, visual
contrast, strength of knee extension and flexion, reaction
time, proprioception, single leg stance time, and functional
reach distance. The factors that had significant b co-
efficients were selected, then entered sequentially in a
step-wise manner with modifiable sensorimotor factors in
the first block, life-style, and other modifiable variable in
the second block and nonmodifiable factors last, to deter-
mine their contribution to the TUG time. The significance
level was set at p < 0.05.

Results

During the experimental period from July 2008 to May 2009,
168, 129, and 116 older adults (age, 65e95 years)
completed the tests in Taipei, Tainan, and Niaosong,
respectively. Participants in Niaosong were significantly



Figure 1 The performance of the timed up-and-go test.
After adjusting for sex and age, Tainan city participants
showed significantly better performance than the other two
cities.
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younger than those in the other two cities but had fewer
years of education. The percentages of female or unmar-
ried participants were significantly greater in Taipei than in
the other two cities, but did not differ between Tainan and
Niaosong. In terms of living arrangement, Taipei had a
significantly greater number of participants living alone or
in apartments without elevators, while Niaosong had a
significantly greater number of participants living in stand-
alone multiple story houses but fewer in apartments with
elevators, than the other two cities. Participants in Niao-
song also have been living significantly longer in their cur-
rent house (Table 1). Although participants in the three
cities differed substantially in their TUG time, after
adjusting for age and sex, only Tainan participants differed
from those in Taipei and Niaosong (Figure 1).

In terms of their health and functional status, nonpara-
metric analysis showed that individuals in Niaosong had
significantly lower MMSE, GDS, fear of falling, and number
of comorbidity, and those in Taipei had greater number of
medication, compared to the other two cities (Tables 1 and
2). In terms of visual contrast sensitivity, participants in
Tainan scored significantly better than those in the other
two cities (Table 2).

After controlling for age and sex, it was found that older
adults in the three cities differed in all of the variables
investigated, except for BMI, moderate intensity activity
time, and functional reach distance (Table 2). Compared to
the other two cities, participants in Niaosong had signifi-
cantly longer high intensity activity time, better knee
flexion strength and proprioception, and longer single leg
stance time, and those in Tainan had significantly greater
Table 1 Information on anthropometrics, housing, and health o

All (nZ 413) Tai

Age (y)**,*** 76.10 (7.25) 77.
Female (%)*,** 55.47 68.
Married (%)*,** 62.04 51.
Living alone (%)*,** 17.03 30.
House type (%)

Stand-alone multistory house*,**,*** 38.7 6.0
Apartment without elevator*,** 17.4 36.
Apartment with elevator**,*** 38.7 54.
Others 2.2 0.6

Duration in current house (y)**,*** 20.4 (17.5) 19.
Education (y)**,*** 7.30 (4.69) 8.2
Body mass index 24.45 (3.55) 24.
Medication (n) 5.6 (5.4) 6.7
Comorbidity (n) 1.4 (1.1) 1.5
Chronic disease (%)

Cardiovascular 47.9 54.
Gastrointestinal 9.7 10.
Genitourinary 7.5 1.8
Neurologic 5.8 4.8
Musculoskeletal 29.9 32.
Psychiatric 6.1 6
Metabolic 21.9 25.

*p < 0.05 for Taipei versus Tainan comparison.
**p < 0.05 for Taipei versus Niaosong comparison.
***p < 0.05 for Tainan versus Niaosong comparison.
knee extension strength and shorter reaction time. Partic-
ipants in Taipei scored poorest in high intensity activity,
knee flexion strength, proprioception, and single leg stance
time (Table 2).

Regression analysis conducted across all participants
showed that all the factors altogether explained half of the
variance in the TUG time, with age, BMI, number of medi-
cations, GDS, high intensity activity, knee extension
strength, reaction time, single leg stance, and functional
reach having significant contribution (Table 3). These
f the participants.

pei (nZ 168) Tainan (nZ 129) Niaosong (nZ 116)

52 (7.61) 77.42 (6.81) 72.50 (5.84)
45 41.09 52.63
79 72.87 64.91
54 10.85 4.39

42.6 81.9
9 3.9 4.3
8 46.5 6.9

4.6 1.7
9 (16.7) 15.4 (14.4) 26.6 (19.8)
2 (4.62) 7.80 (4.83) 5.39 (4.08)
42 (3.81) 24.90 (3.45) 23.99 (3.22)
(5.7) 4.1 (5.1) 4.8 (4.9)
(1.0) 1.6 (1.2) .98 (1.1)

8 55 29.8
1 14.7 3.5

21.7 0
6.2 7

7 24.8 4.4
7.8 31.6

6 23.3 14.9



Table 2 Results of mental and emotional status, activity level, and physical and functional tests. For mental and emotional
status, fear of falling, and visual contrast, nonparametric analysis was used, while multivariate analysis of variance with age and
sex as controlled variables was used for other variables.

All Taipei Tainan Niaosong

Mini mental status examination**,*** 25.82 (4.34) 26.14 (4.08) 25.98 (4.85) 25.17 (4.06)
Geriatric depression scale**,*** 2.81 (3.17) 3.40 (3.41) 3.09 (3.39) 1.64 (2.06)
Fear of falling (%)**,***
Not at all 34.79% 27.38% 33.33% 47.37%
Slightly 15.57% 11.90% 6.98% 30.70%
Moderately 20.92% 29.76% 20.93% 7.89%
Highly 14.84% 15.48% 17.05% 11.40%
Extremely 13.63% 14.88% 21.71% 2.63%

Moderate intensity activity (min/wk) 154 (291) 108 (279) 138 (209) 239 (363)
High intensity activity (min/wk)*,** 33.5 (120.2) 7.1 (59.2) 47.2 (137.3) 56.5 (155)
Visual contrast sensitivity*,*** 18.41 (3.06) 18.08 (3.07) 18.99 (3.48) 18.23 (2.39)
Proprioception (�)*,**,*** 1.67 (1.33) 2.29 (1.50) 1.55 (1.02) 0.91 (0.87)
Knee extension strength (kg)*,*** 20.57 (8.03) 17.32 (7.07) 24.06 (8.00) 21.42 (7.60)
Knee flexion strength (kg)*,**,*** 10.40 (4.68) 7.58 (3.24) 11.62 (4.92) 13.11 (3.96)
Reaction time (s)*,**,*** 336.1 (141.4) 340.34 (171.4) 307.1 (107.7) 363.9 (118.5)
Single leg stance time (s)** 11.83 (10.54) 8.60 (8.46) 11.99 (10.65) 16.20 (11.50)
Functional reach distance (cm) 24.29 (8.96) 23.41 (8.80) 24.99 (8.33) 24.79 (9.80)

*p < 0.05 for Taipei versus Tainan comparison.
**p < 0.05 for Taipei versus Niaosong comparison.
***p < 0.05 for Tainan versus Niaosong comparison.

Table 3 Results of regression analysis for the perfor-
mance of the timed up-and-go test for participants across
the three cities. All the factors were entered and remained
in the equation.

R2 Factors Beta coefficient p

0.502
Age 0.193 <0.001
Female �0.027 0.624
BMI 0.089 0.042
Married �0.029 0.551
Living with people �0.059 0.236
House type 0.084 0.068
House time �0.062 0.226
Education 0.025 0.568
No. of medication 0.098 0.027
No. of comorbidity 0.021 0.640
Fear of falling 0.079 0.087
MMSE �0.016 0.725
GDS 0.121 0.009
Moderate intensity activity �0.034 0.415
High intensity activity �0.128 0.002
Visual contrast sensitivity �0.036 0.404
Knee extension strength �0.116 0.033
Knee flexion strength �0.046 0.407
Reaction time 0.183 <0.001
Proprioception 0.063 0.161
Single leg stance �0.105 0.039
Functional reach �0.169 <0.001

BMI Z body mass index; GDS Z geriatric depression scale;
MMSE Z mini mental status exam; No. Z number.
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significant factors were entered into the regression analysis
for the individual cities based on the principle described in
the methodology, i.e., modifiable sensorimotor function
(knee extension strength, reaction time, single stance, and
function reach) in the first block, other modifiable factors
and lifestyle (BMI, number of medications, GDS, and high
intensity activity) in the second block, and age in the third
block. The results are shown in Table 4. For Taipei, func-
tional reach, BMI, and depression were significant de-
terminants and together with single stance and reaction
time explained approximately 50% of the variance in TUG
performance. For Tainan, single stance, functional reach,
high intensity activity, and depression were significant de-
terminants and together explained approximately one-third
of the variance. For Niaosong, single stance, reaction time,
depression, and age were significant determinants and
together explained approximately 40% of the variance.

Discussion

Identification of factors contributing to functional capacity
in older adults can provide information for the planning and
implementation of functional capacity promotion pro-
grams. This study investigated the performance of a basic
mobility task and its contributing factors in older adults
who had mobility problems and lived in cities where the
level of urbanization was different. It was found that both
the mobility performance and contributing factors were
different for individuals living in different cities.

The task of TUG involves standing up and sitting down
without using the arms for support, straight-line walking,
and turning. Compared to Western studies17e20 or a large
scale study conducted previously in Taiwan,16 the mean



Table 4 Results of regression analysis for the perfor-
mance of the timed up-and-go test in Taipei, Tainan, and
Niaosong.

R2 b p CI

Taipei 0.484
Functional

reach
�0.260 <0.001 �0.007 to �0.002

Single leg
stance

�0.130 0.071 �0.005 to 0.000

Reaction
timea

0.107 0.083 0.00002145 to
0.0002567

Body mass
index

0.166 0.007 0.002 to 0.011

Depression 0.229 <0.001 0.005 to 0.016
Tainan 0.344
Single leg

stance
�0.372 <0.001 �0.006 to �0.002

Functional
reach

�0.242 0.003 �0.006 to �0.001

High
intensity
activitya

�0.160 0.043 �0.0002402 to
�0.0000388

Depression 0.195 0.017 0.001e0.012
Niaosong 0.390
Single leg

stance
�0.259 0.003 �0.006 to �0.001

Reaction
timea

0.250 0.003 0.00008313e0.0004003

Depression 0.168 0.034 0.001e0.027
Age 0.272 0.001 0.003e0.012

a For reaction time and high intensity activity, log trans-
formed data were entered into the regression.
CI Z confidence interval.
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TUG time in the current study (14.3 seconds) appeared to
be longer. This finding is not surprising since the current
study targeted individuals with mobility problems. What is
surprising is the large performance gap between the three
cities.

The three cities investigated in this study were sub-
stantially different in their level of urbanization, with Tai-
pei being a metropolitan area, Niaosong a rural area, and
Tainan in between. The differences in the environment,
lifestyles, and socioeconomic background might render
their residents to have different functioning levels.
Compared to those living in Taipei and Niaosong, Tainan
participants performed TUG significantly better by 4 sec-
onds and 1 second faster, respectively, after adjusting for
age and sex. Significantly stronger knee extension strength,
a key underpinning factor for TUG, was also found in the
Tainan participants, and could thus possibly be explained
the between-city difference. The gaps in the TUG perfor-
mance between the different cities suggest that the pro-
motion of functional capacity could benefit from city-
specific assessment and planning, instead of a central uni-
fied model.

The primary underpinning functions for TUG include
lower limb muscle strength and coordination, dynamic
balance, and locomotion control. Studies based on Western
populations have shown that older age, female sex, greater
BMI, and poorer cognitive function and ankle muscle
strength had significant contribution to the TUG time.19,28

For a general population of 280 Taiwanese older adults,
poorer knee extension strength, greater postural sway, vi-
sual contrast sensitivity and number of comorbidities,
longer reaction time, lower MMSE, and older age were in-
dependent predictors of longer TUG time.29 These previous
findings show that the number of potential determinants
for TUG is large and for different populations the de-
terminants might be different.

The current study focused on older adults who have
already had mobility impairments. Across all the partici-
pants, nine factors had a significant contribution to the TUG
performance and were then entered into the regression
analysis for the individual city. Overall, these variables
explained 34e48% of the variance and the only independent
determinant shared by all the cities was depression.
Depression is commonly reported in community-dwelling
older adults30,31 and has also been shown to predict limi-
tations in walking and chair rise in various older pop-
ulations.32e35 Although the mechanisms underlying the
association between depression and mobility are not yet
fully understood, it is possible that the two conditions share
some common mediators, such as poor health or deterio-
ration in physical function.36e38 The findings in this study
further indicated that the impact of depressive mood might
not be limited to specific cities and its management may
need to be considered in order to improve mobility.

Demographically, participants in the metropolitan Taipei
area had a significantly greater percentage of women, not
married, and living alone and in apartments without ele-
vators, compared to the other two cities. They also spent
significantly less time in high-intensity activity. For Taipei
participants, in addition to depression, functional reach
distance, and BMI were found to have significant and in-
dependent contribution to TUG performance. As stated
above, balance ability is one of the underpinning ability of
TUG. This study specifically pointed out that the ability to
move the body’s center of mass forward, as measured by
the functional reach test, was an independent determi-
nant, possibly because both standing up from a seated
position and walking involve moving the body’s center of
mass forward.

Obesity (BMI > 30 kg/m2) has been consistently shown to
link to limitations in walking, stair climbing, and chair ris-
ing.39e41 Specifically, BMI has been found to predict or
correlate with TUG performance in healthy older
adults.42,43 Furthermore, declines in physical activity, in-
creases in the number of comorbidities, and knee pain have
been proposed to be among the underlying causes of
obesity-related disability.39 This study further noted that
for older adults with impaired mobility, greater BMI signif-
icantly contributed to poorer TUG performance. It should
be noted that in this study, the mean BMI of the Taipei
participants fell into the “overweight” category, suggesting
that weight control to prevent declines in mobility may
need to begin even before the individual has become
obese.

Compared to those in Taipei and Tainan, participants in
Niaosong were younger and had been living longer in their
current houses, and had a greater percentage living in stand-
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alone multistory houses but fewer in apartments with ele-
vators. They also had fewer years of education, and scored
poorer inMMSE and reaction timebut better inGDS, and knee
proprioception and flexion strength. For this group, in addi-
tion to depression, older age and shorter single leg stance
were significant contributors to poorer TUG performance.
These findings are not surprising since aging is universally
accepted to be related to deteriorations in mobility and the
ability to maintain balance during single leg stance is crucial
for walking. It is interesting, however, that longer reaction
time was an independent determinant of poorer TUG per-
formance. This finding supported the notion that information
processing is important in mobility tasks.29,44

For participants in Tainan, their demographic features
appeared to be between the metropolitan Taipei and rural
Niaosong areas, although their physical function, including
visual contrast sensitivity and knee extension strength, were
better. For these participants, the independent de-
terminants of TUG performance included depression, single
leg stance, functional reach, as well as high intensity activ-
ity. There is sufficient evidence showing that moderate or
vigorous physical activity improves health, functional ca-
pacity, and life expectancy of older adults.45e50 This study
further showed that engaging in more high, but not moder-
ate, intensity activities contributed significantly to better
basic mobility in older adults with mobility impairments.

Although age-related changes in physical function or
mobility can largely be attributed to intrinsic factors, it is
possible that extrinsic factors could also contribute. Chi-
nese older adults living in different countries (Taiwan, Hong
Kong, Australia) were found to differ in their postural sta-
bility, stepping ability, and reaction time: Australian Chi-
nese performed better than those in the other two
countries.51 This study further showed that older adults
living in different cities of the same country also differed in
their sensorimotor function and mobility performance.
These findings together strongly suggest that environment
could have a strong impact on mobility performance.

This study is limited in several ways. First, it is a cross-
sectional study and thus temporal causeeeffect relation-
ships cannot be established. Longitudinal studies to deter-
mine how physical function predicts future mobility
performance are needed. Second, participants were all
volunteers and might not be representative of the popula-
tion of each city. Third, some lifestyle factors were not
investigated but have the potential to affect mobility per-
formance. Certain aspects of lifestyle, such as physical
activity level, diet, and smoking, are known to be associ-
ated with physical function in older adults.52 This study
investigated the level of physical activity using the Inter-
national Physical Activity Questionnaire, and indirectly
examined the impact of dietary patterns by reporting the
BMI. However, smoking, which could lead to impaired pul-
monary function and increased mortality, was not investi-
gated and might contribute to mobility performance.
Future studies that examine the impact of first- and
second-hand smoking are needed to clarify this issue.

In conclusion, Taiwanese older adults with mobility
problems who live in cities of different levels of urbaniza-
tion differed in their basic mobility performance. Depres-
sive mood was the only common independent contributor to
mobility and may be targeted in nationwide intervention.
Balance, age, BMI, reaction time, and high intensity also
had a significant contribution, although their contributions
varied for different cities. These differences in perfor-
mance and contributing factors among older adults living in
different cities suggest that plans for the promotion of
mobility function of older adults with mobility impairments
might need to be city-specific. There is also a need of
further studies examining older adults of different func-
tional capacity, environment, and lifestyle.
Acknowledgments

The authors thank Jei-Hsiang Hsu and Yu-Pyn Sun. The
research was supported by a research grant from the Bu-
reau of Health Promotion, Taiwan, Republic of China (Grant
number DOH97-HP-1301, DOH98-HP-1303).
References

1. World Health Organization. The world health report 2002:
reducing risks, promoting healthy life. Geneva: World Health
Organization; 2002.

2. United Nations Executive Summary on World Population Ageing
1950e2050.

3. Directorate-General of Budget, Account, Statistics. Executive
Yuan, Taiwan..

4. Jylha M, Guralnik JM, Balfour J, Fried LP. Walking difficulty,
walking speed, and age as predictors of self-rated health: the
women’s health and aging study. J Gerontol A Biol Sci Med Sci
2001;56:609e17.

5. Boulgarides LK, McGinty SM, Willett JA, Barnes CW. Use of
clinical and impairment-based tests to predict falls by
community-dwelling older adults. Phys Ther 2003;83:328e39.

6. Shumway-Cook A, Brauer S, Woollacott M. Predicting the
probability for falls in community-dwelling older adults using
the Timed Up & Go Test. Phys Ther 2000;80:896e903.

7. Guralnik JM, LaCroix AZ, Abbott RD, Berkman LF, Satterfield S,
Evans DA, et al. Maintaining mobility in late life. I. De-
mographic characteristics and chronic conditions. Am J Epi-
demiol 1993;137:845e57.

8. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF,
Blazer DG, et al. A short physical performance battery
assessing lower extremity function: association with self-
reported disability and prediction of mortality and nursing
home admission. J Gerontol A Biol Sci Med Sci 1994;49:85e94.

9. Daubney ME, Culham EG. Lower-extremity muscle force and
balance performance in adults aged 65 years and older. Phys
Ther 1999;79:1177e85.

10. Gill TM, Williams CS, Tinetti ME. Assessing risk for the onset of
functional dependence among older adults: the role of physical
performance. J Am Geriatr Soc 1995;43:603e9.

11. van Heuvelen MJ, Kempen GI, Brouwer WH, de Greef MH.
Physical fitness related to disability in older persons. Geron-
tology 2000;46:333e41.

12. Avila-Funes JA, Gray-Donald K, Payette H. Association of
nutritional risk and depressive symptoms with physical per-
formance in the elderly: the Quebec longitudinal study of
nutrition as a determinant of successful aging (NuAge). J Am
Coll Nutr 2008;27:492e8.

13. Mathias S, Nayak US, Isaacs B. Balance in elderly patients: the
“get-up and go” test. Arch Phys Med Rehabil 1986;67:387e9.

14. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc
1991;39:142e8.

http://refhub.elsevier.com/S0929-6646(16)00052-8/sref1
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref1
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref1
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref4
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref4
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref4
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref4
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref4
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref5
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref5
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref5
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref5
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref6
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref6
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref6
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref6
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref7
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref7
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref7
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref7
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref7
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref8
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref8
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref8
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref8
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref8
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref8
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref9
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref9
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref9
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref9
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref10
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref10
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref10
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref10
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref11
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref11
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref11
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref11
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref12
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref12
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref12
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref12
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref12
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref12
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref13
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref13
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref13
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref14
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref14
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref14
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref14


Predictors of functional mobility in older adults 79
15. Rockwood K, Awalt E, Carver D, MacKnight C. Feasibility and
measurement properties of the functional reach and the timed
up and go tests in the Canadian study of health and aging. J
Gerontol A Biol Sci Med Sci 2000;55:70e3.

16. Lin MR, Hwang HF, Hu MH, Wu HD, Wang YW, Huang FC. Psy-
chometric comparisons of the timed up and go, one-leg stand,
functional reach, and Tinetti balance measures in community-
dwelling older people. J Am Geriatr Soc 2004;52:1343e8.

17. Isles RC, Choy NL, Steer M, Nitz JC. Normal values of balance
tests in women aged 20e80. J Am Geriatr Soc 2004;52:
1367e72.

18. Newton KH. Balance screening of an inner city older adult
population. Arch Phys Med Rehabil 1997;78:587e91.

19. Thompson M, Medley A. Performance of community dwelling
elderly on the timed up and go test. Phys Occup Ther Geriatr
1995;13:17e31.

20. Steffen TM, Hacker TA, Mollinger L. Age-and gender-related
test performance in community-dwelling elderly people: six-
minute walk test, Berg balance scale, timed up & go test,
and gait speeds. Phys Ther 2002;82:128e36.

21. Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A
practical method for grading the cognitive state of patients for
the clinician. J Psychiat Res 1975;12:189e98.

22. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al.
Development and validation of a geriatric depression screening
scale: a preliminary report. J Psychiatr Res 1982;17:37e49.

23. Sheikh JI, Yesavage JA. Geriatric Depression Scale (GDS):
Recent evidence and development of a shorter version. In:
Brink TL, editor. Clinical gerontology: a guide to assessment
and intervention. New York: Haworth Press; 1986. p. 165e73.

24. Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML,
Ainsworth BE, et al. International physical activity question-
naire: 12-country reliability and validity. Med Sci Sports Exerc
2003;35:1381e95.

25. Verbaken JH, Johnston AW. Population norms for edge contrast
sensitivity. Am J Optom Physiol Opt 1986;63:724e32.

26. Lord SR, Clark RD, Webster IW. Postural stability and associ-
ated physiological factors in a population of aged persons. J
Gerontol A Biol Sci Med Sci 1991;46:69e76.

27. Duncan PW, Weiner DK, Chandler J, Studenski S. Functional
reach: a new clinical measure of balance. J Gerontol A Biol Sci
Med Sci 1990;45:192e7.

28. Manckoundia P, Buatois S, Gueguen R, Perret-Guillaume C,
Laurain MC, Pfitzenmeyer P, et al. Clinical determinants of
failure in balance tests in elderly subjects. Arch Gerontol
Geriatr 2008;47:217e28.

29. Kwan MM, Lin SI, Chen CH, Close JC, Lord SR. Sensorimotor
function, balance abilities and pain influence Timed Up and Go
performance in older community-living people. Aging Clin Exp
Res 2011;23:196e201.

30. Unutzer J, Patrick DL, Simon G, Grembowski D, Walker E,
Rutter C, et al. Depressive symptoms and the cost of health
services in HMO patients aged 65 years and older. A 4-year
prospective study. JAMA 1997;277:1618e23.

31. Blazer D, Williams CD. Epidemiology of dysphoria and depres-
sion in an elderly population. Am J Psychiatry 1980;137:
439e44.

32. Diefenbach GJ, Tolin DF, Gilliam CM. Impairments in life
quality among clients in geriatric home care: associations with
depressive and anxiety symptoms. Int J Geriatr Psychiatry
2012;27:828e35.

33. Volpato S, Blaum C, Resnick H, Ferrucci L, Fried LP,
Guralnik JM. Comorbidities and impairments explaining the
association between diabetes and lower extremity disability:
the Women’s Health and Aging Study. Diabetes Care 2002;25:
678e83.

34. Hirvensalo M, Sakari-Rantala R, Kallinen M, Leinonen R,
Lintunen T, Rantanen T. Underlying factors in the association
between depressed mood and mobility limitation in older
people. Gerontology 2007;53:173e8.

35. James BD, Boyle PA, Buchman AS, Bennett DA. Relation of late-
life social activity with incident disability among community-
dwelling older adults. J Gerontol A Biol Sci Med Sci 2011;66:
467e73.

36. Stephens T. Physical activity and mental health in the United
States and Canada: evidence from four population surveys.
Prev Med 1988;17:35e47.

37. Jeste DV, Savla GN, Thompson WK, Vahia IV, Glorioso DK,
Martin AS, et al. Association between older age and more
successful aging: critical role of resilience and depression. Am
J Psychiatry 2013;170:188e96.

38. Overman CL, Bossema ER, van Middendorp H, Wijngaards-de
Meij L, Verstappen SM, Bulder M, et al. The prospective asso-
ciation between psychological distress and disease activity in
rheumatoid arthritis: a multilevel regression analysis. Ann
Rheum Dis 2012;71:192e7.

39. Vincent HK, Vincent KR, Lamb KM. Obesity and mobility
disability in the older adult. Obes Rev 2010;11:568e79.

40. Davis JW, Ross PD, Preston SD, Nevitt MC, Wasnich RD.
Strength, physical activity, and body mass index: relationship
to performance-based measures and activities of daily living
among older Japanese women in Hawaii. J Am Geriatr Soc
1998;46:274e9.

41. Davison KK, Ford ES, Cogswell ME, Dietz WH. Percentage of
body fat and body mass index are associated with mobility
limitations in people aged 70 and older from NHANES III. J Am
Geriatr Soc 2002;50:1802e9.

42. Misic MM, Rosengren KS, Woods JA, Evans EM. Muscle quality,
aerobic fitness and fat mass predict lower-extremity physical
function in community-dwelling older adults. Gerontology
2007;53:260e6.

43. Valentine RJ, Misic MM, Rosengren KS, Woods JA, Evans EM. Sex
impacts the relation between body composition and physical
function in older adults. Menopause 2009;16:518e23.

44. Donoghue OA, Horgan NF, Savva GM, Cronin H, O’Regan C,
Kenny RA. Association between timed up-and-go and memory,
executive function, and processing speed. J Am Geriatr Soc
2012;60:1681e6.

45. Blair SN, Brodney S. Effects of physical inactivity and obesity
on morbidity and mortality: current evidence and research
issues. Med Sci Sports Exerc 1999;31:646e62.

46. Blair SN, Wei M. Sedentary habits, health, and function in older
women and men. Am J Health Promot 2000;15:1e8.

47. Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN. Low
cardiorespiratory fitness and physical inactivity as predictors of
mortality in men with type 2 diabetes. Ann Intern Med 2000;
132:605e11.

48. Stuck AE, Walthert JM, Nikolaus T, Bula CJ, Hohmann C,
Beck JC. Risk factors for functional status decline in
community-living elderly people: a systematic literature re-
view. Soc Sci Med 1999;48:445e69.

49. Rantanen T, Guralnik JM, Sakari-Rantala R, Leveille S,
Simonsick EM, Ling S, et al. Disability, physical activity, and
muscle strength in older women: the Women’s Health and
Aging Study. Arch Phys Med Rehabil 1999;80:130e5.

50. DiPietro L. The epidemiology of physical activity and physical
function in older people. Med Sci Sports Exerc 1996;28:
596e600.

51. Kwan MM, Tsang WW, Lin SI, Greenaway M, Close JC, Lord SR.
Increased concern is protective for falls in Chinese older peo-
ple: the chopstix fall risk study. J Gerontol A Biol Sci Med Sci
2013;68:946e53.

52. Robinson SM, Jameson KA, Syddall HE, Dennison EM, Cooper C,
Aihie Sayer A. Clustering of lifestyle risk factors and poor
physical function in older adults: the Hertfordshire cohort
study. Am Geriatr Soc 2013;61:1684e91.

http://refhub.elsevier.com/S0929-6646(16)00052-8/sref15
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref15
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref15
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref15
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref15
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref16
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref16
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref16
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref16
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref16
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref17
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref17
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref17
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref17
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref17
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref18
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref18
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref18
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref19
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref19
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref19
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref19
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref20
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref20
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref20
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref20
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref20
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref21
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref21
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref21
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref21
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref22
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref22
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref22
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref22
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref23
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref23
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref23
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref23
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref23
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref24
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref24
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref24
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref24
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref24
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref25
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref25
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref25
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref26
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref26
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref26
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref26
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref27
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref27
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref27
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref27
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref28
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref28
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref28
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref28
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref28
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref29
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref29
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref29
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref29
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref29
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref30
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref30
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref30
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref30
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref30
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref31
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref31
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref31
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref31
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref32
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref32
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref32
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref32
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref32
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref33
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref33
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref33
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref33
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref33
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref33
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref34
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref34
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref34
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref34
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref34
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref35
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref35
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref35
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref35
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref35
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref36
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref36
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref36
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref36
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref37
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref37
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref37
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref37
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref37
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref38
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref38
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref38
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref38
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref38
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref38
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref39
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref39
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref39
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref40
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref40
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref40
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref40
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref40
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref40
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref41
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref41
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref41
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref41
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref41
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref42
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref42
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref42
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref42
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref42
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref43
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref43
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref43
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref43
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref44
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref44
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref44
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref44
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref44
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref45
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref45
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref45
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref45
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref46
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref46
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref46
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref47
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref47
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref47
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref47
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref47
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref48
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref48
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref48
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref48
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref48
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref49
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref49
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref49
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref49
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref49
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref50
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref50
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref50
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref50
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref51
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref51
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref51
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref51
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref51
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref52
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref52
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref52
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref52
http://refhub.elsevier.com/S0929-6646(16)00052-8/sref52

	Functional mobility and its contributing factors for older adults in different cities in Taiwan
	Introduction
	Methods
	Participants
	Procedures
	Physical function
	Balance
	Mobility
	Statistical analysis

	Results
	Discussion
	Acknowledgments
	References


