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Abstract

Aims

The aim of this study was to establish ‘Timed up and Go’ test (TUG) normative data among
community dwelling older adults stratified based on cognitive status, gender and age
groups.

Methods

A total of 2084 community dwelling older adults from wave | and Il were recruited through a

multistage random sampling method. TUG was performed using the standard protocol and

scores were then stratified based on with and without mild cognitive impairment (MCI), gen-
der and in a 5-year age groups ranging from ages of 60’s to 80’s.

Results

529(16%) participants were identified to have MCI. Past history of falls and medical history
of hypertension, heart disease, joint pain, hearing and vision problem, and urinary inconti-
nence were found to have influenced TUG performance. Cognitive status as a mediator,
predicted TUG performance even when both gender and age were controlled for (B0.24,
95% CI (0.02-0.47), $0.03, t2.10, p=0.36). Further descriptive analysis showed, partici-
pants with MCI, women and older in age took a longer time to complete TUG, as compared
to men with MCI across all age groups with exceptions for some age groups.

Conclusion

These results suggested that MCI needs to be taken into consideration when testing older
adults using TUG, besides age and gender factors. Data using fast speed TUG may be
required among older adults with and without MCI for further understanding.
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Introduction

The number of older adults in the world is estimated to double from year 2000 and 2050 to
22% [1]. Majority of these older adults (62.3%) are projected to be living in Asia by the year
2050 [2]. Similar trends are seen in Malaysia and it will be categorised as an ageing nation by
the year 2035 as this group of population is expected to occupy 15% of the total population [3].
In 2050, the eighty-and-older population is projected to be quadrupled [2].

Disabilities among older adults are mainly precipitated by cognitive impairments [4]. Mild
cognitive impairment (MCI) has been identified as a transition phase between normal cogni-
tive ageing and early dementia [5]. Approximately, 15 to 30% older adults globally and in 22%
in Malaysia are reported to have MCI [6,7].

Limited functional mobility is a major concern in older adults with MCI. Changes in gait
among older adults are due to reduction in muscle mass and muscle strength, deterioration of
postural stability and vestibular function [8,9]. In older adults with MCI, motor control as in
gait can be further affected by impairments of primary motor cortex [10]. Evidence regarding
association between gait and MCI indicated that older adults with MCI had poorer perfor-
mance in their gait assessment which was measured using gait parameters such as velocity
[11,12], stride length [13] and coefficient of variation [14,15]. These gait parameters are sensi-
tive and accurate measures to detect alterations in gait among older adults with MCI. How-
ever, this test is not viable for large scale community screenings due to its cost, duration and
training that may prove to be costly.

Simple physical performance assessment tools such as TUG [12,16-19], gait speed
[12,18,20] and 4-minute walk [20] tests have been used among older adults with MCI. TUG
test was reported to be most consistent in differentiating older adults with and without MCI.
Older adults with MCI were noted to have poorer TUG performance [12,16-18] and cognitive
impairment was identified as an independent determinant of TUG score [21]. This could be
explained by the tasks in TUG test which places additional cognitive challenges such as straight
walking on executive functioning via initiation and sequencing; transfer and turning on cogni-
tive processing speed [22,23]. Multiple cognitive domains that includes attention, memory,
visual spatial ability and executive functions are further challenged when performing a walking
task to maintain balance and prevent falls [24]. Although TUG test is simple, its performance
requires integration of many systems and can be considered as complex [23], more so in older
adults with cognitive impairment.

Use of local normative data of the specific population is recommended for more meaning-
ful interpretation of TUG results [23]. Physiological and anthropometric measures, such as
height and limb length vary across ethnicity and it is associated with physical performance.
TUG normative data is available among Spanish community dwelling older adults with an
inclusion of those with cognitive impairment assessed using global deterioration test [21].
However, it is not certain whether TUG performance among older adults with and without
MCI differs significantly. Therefore, the aim of this study was to identify the normative data of
TUG test among community dwelling older adults with and without MCI, according to cogni-
tive status, gender and age group. Besides cognitive status, TUG will be stratified based on gen-
der and age, as recommended by Steffen, Hacker & Mollinger (2002) [25].

Methods

This cohort prospective longitudinal study involved four states in Malaysia, which were chosen
based on density of older adult population [26]. The study was carried out in two phases. The
first wave was held from February 2012 to February 2013 and second wave was carried out
from November 2014 to August 2015. The selected states were Johor (southern zone), Perak
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(northern zone), Selangor (central zone) and Kelantan (east coast zone). Multistage random
sampling performed by Statistics Department of Malaysia was utilised, as this study is part of a
large scale longitudinal study on neuroprotective model for healthy longevity. Sampling frame
and design are as explained in our teams’ recent study [27]. Race proportion in this study is
similar to the Malaysian population and therefore, could be representative of Malaysians [28].
Ethical approval for this study was obtained from Medical Research and Ethics Committee of
Universiti Kebangsaan Malaysia (UKM 1.5.3.5/244/NN-060-2013).

The inclusion criteria included community dwelling older adults aged between 60-90 years
old, able to walk 7metres and get in or out of a chair with or without assistive device. Partici-
pants were excluded if they were unable to comprehend and follow instructions (Malay,
English, Mandarin, or Tamil language), having any acute illnesses, having pain in any segment
greater than 2 on a 10-point verbal analogue scale, had recent fractures of vertebral or lower
limbs or recent lower extremity surgery (in the past 6 months). Participants with known neu-
rological or musculoskeletal diagnosis that could account for possible imbalance and falls
(such as cerebrovascular accident, Parkinson disease, or lower-extremity joint replacements),
diagnosed with psychological or psychiatric disorders and with severe cognitive impairments
(Mini Mental State Examination score less than 15 [29]) were also excluded from this study.

All participants were provided with informed written information regarding the study and
written consent was obtained. A structured interview was administered to obtain the socio-
demographic data which included age, gender, race and self-reported medical conditions
(hypertension, diabetes, heart disease, cataract/glaucoma, joint pain, gout, hearing and vision
problem, and urinary incontinence). History of falls was obtained based on previous falls in
the past 18 months. Participants’ anthropometric measurements of body weight and height
were taken.

MCI was identified according to studies by Peterson [30] and Shahar et al. [27] which com-
prised of subjective cognitive impairment- identified by the question ‘Do you have memory
complaints?”, objective cognitive impairment- scored at more than 1 from below the norm
mean for either Rey Auditory Verbal Learning Test (RAVLT) or Digit Span Test, no dementia-
confirmed by doctor, no limitations in basic activities of daily living, no or minimal functional
limitations- indicated using Lawton Instrumental Activities of Daily Living Scale and intact
global cognition- scored >19/30 for Malay version of Mini Mental Examination State
(MMSE).

Participants were required to perform TUG, instructed to rise from an armless chair (46cm
height), walk 3 metres and turned around at a cone placement, walk back, and sit again [31].
They were instructed to walk at a normal pace with or without walking aids and shoes. Time
was recorded when participants’ buttocks were lifted off the chair to stand and ceased when
the buttocks touched the seat when returning to sitting position. The test was performed twice
consecutively, and the averages of the scores in seconds were used for further analysis. This
test was carried out by a physiotherapist and a trained research assistant. TUG has excellent
intra-rater reliability in community-dwelling older adults (intra-class coefficient of 0.94) [32]
and moderate to excellent validity in older adults with and without MCI (Pearson correlation
0.64-0.74) [33].

Statistical analysis

Longitudinal TUG data from wave 1 and wave 2 were merged in order to produce normative
data, as done previously in developing growth chart standard [34]. Participants were catego-
rized in 5-year age groups, ranging from group of 60-64 to 80-84. Mean TUG comparison
against cognitive status, gender and age group variation was analyzed by means of
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independent sample t-test or one-way analysis of variance (ANOVA) and multifactorial
ANOVA. Factors which were found to be significantly different in TUG performance on t-test
and ANOVA, besides cognitive status, age and gender, were included as covariates in the fol-
lowing multifactorial ANOVA test [35]. Further mediator analysis was carried out to test
whether cognitive status acted as a mediator in TUG performance. Finally, mean, standard
error, and 95% confidence interval of the TUG scores were then reported, to establish the nor-
mative values of TUG. Analysis was carried out based on cognitive status and further stratified
according to gender and age group.

Results

Participants’ sociodemographic data is as depicted in Tables 1 and 2. In wave 1, 1005 men and
1079 women, with mean age of 69.2(+5.9) years and 68.2(+6.0) years of age, participated in
this study. Upon MCI classification, 16% of the participants were classified as MCI. Most of
the participants with past history of falls were women (22%), which contributed to 18% of total
participants with history of falls.

661 men and 641 women from wave I participated in wave 2 of this study. Older adults clas-
sified as MCI increased by 1.7%, to 16.7%. A total of 18.4% of the participants in wave Il had a
history falls in the past 18 months. Self-reported medical history showed that percentage of
conditions in older adults had increased from wave I to wave II, except for heart disease, hear-
ing and vision problems.

As shown in Table 3, participants with MCI significantly took longer time (11.6+2.5s) as
compared to those without MCI (11.3£2.6s) (p<0.05). Similarly, women (11.6+2.7s) were
slower than men (11.0+2.5s) (p<0.001) in performing TUG. Time taken to perform TUG also
increased significantly (p<0.001) with age. In addition, older adults having history of falls,
self-reported medical condition of hypertension, heart disease, joint pain, vision/hearing
impairment, incontinence and cataract/glaucoma had significantly poorer TUG performance
compared to those without having any medical conditions. These factors had an influence on
TUG performance and therefore were taken as covariates in the following analysis.

Table 4 depicts multifactorial interaction in TUG performance, adjusted for hypertension,
heart disease, joint pain, vision/hearing impairment, incontinence and history of falls. There
was no interaction effect of age and gender. However, significant main effect for age and gen-
der (p<0.05) in TUG performance was demonstrated. This indicates that time taken for TUG
performance was significantly longer in women compared to men and in oldest age group
compared to younger age group. Post-hoc test showed that older adults in younger age were
significantly faster than the older age groups, consistently. Generally, an increasing trend of
time taken for TUG performance across age groups and were similar in both genders.

Conversely, cognitive status significantly interacted with age (F (43357 = 2.7, p = 0.027) and
gender (F (1 3357) = 4.0, p = 0.046) on TUG performance. However, cognitive status indepen-
dently had no significant effect on TUG performance. This indicates that among older adults
who were older in age and with MCI significantly took longer time compared to those without
MCI in TUG performance. Gender wise, women with MCI took significantly longer time to
perform TUG compared to women without MCI. Nonetheless, three-way interaction of gen-
der, age and cognitive status was not significant.

Further analysis for mediation using regression analysis was performed to test if cognitive
status mediated the effect of gender and age on TUG performance. The first regression showed
that gender (B 0.88,95%CI (0.72-1.05), $0.17, ¢ 10.55, p<0.001) and age (B 0.77,95%CI (0.71-
0.84), 30.34, t 21.33, p<0.001) had an effect on TUG. The second regression performed dem-
onstrated that gender and age predicted the mediator (cognitive status). Both age and gender
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Table 1. Socio demographic data—Wave | [measured as mean  SD or n (%)].

Variables Men (n = 1005) Women (n = 1079) Total (n = 2084)
Age (mean = SD) 69.2+5.9 68.2+6.0 68.7+6.0
Age group n(%)
60-64 years 256 (25.5) 369 (34.2) 625 (30.0)
65-69 years 294 (29.3) 320 (29.7) 614 (29.5)
70-74 years 253(25.2) 216 (20.0) 469 (22.5)
75-79 years 150(14.9) 129 (12.0) 279 (13.4)
>80 years 52 (5.2) 45 (4.2) 97 (4.7)
Nationality n(%)
Malay 660 (65.7) 629 (58.3) 1289 (61.9)
Indian 49 (4.9) 54 (5.0) 103 (4.9)
Chinese 293 (29.2) 395 (36.6) 688 (33.0)
Others 3(0.3) 1(0.1) 4(0.2)
Weight (mean + SD) 64.5+11.7 57.6+11.4 60.9+12.0
Height (mean + SD) 162.1+6.5 150.445.9 156.0+8.5
Cognitive status n(%)
MCI 178 (17.7) 134 (12.4) 312 (15.0)
Non-MClI 827 (82.3) 945 (87.6) 1772(85.0)
Past History of Falls n(%)
Had history of fall 150 (14.9) 232 (21.5) 382 (18.3)
No history of fall 855 (85.1) 847 (78.5) 1702 (81.7)
Having Medical lliness n(%)
Hypertension 454 (45.2) 564 (52.3) 1018 (48.9)
Diabetes 269 (26.8) 274 (25.4) 543 (26.1)
Heart Disease 128 (12.7) 80 (7.4) 208 (10.0)
Cataract/Glaucoma 88 (8.8) 100 (9.3) 188 (9.0)
Joint pain 215 (21.4) 283 (26.2) 498 (23.9)
Gout 64 (6.4) 22 (2.0) 86 (4.1)
Hearing and vision problem 138 (13.7) 100 (9.3) 238 (11.4)
Urinary Incontinence 136 (13.5) 62 (5.8) 198 (9.5)
TUG (mean + SD)(s) 10.8+2.5 11.542.7 11.1+#2.6

TUG = timed up and go; MCI = mild cognitive impairment, SD = standard deviation, s = second

https://doi.org/10.1371/journal.pone.0185641.t001

were respectively found to be positively (B 0.02,95%CI (0.01-0.03), £ 0.07, t 3.81, p<<0.001) and
negatively (B-0.05,95%CI (-0.08- -0.03), 5 -0.07, t -4.10, p<<0.001) associated with cognitive
status.

Table 5 depicts hierarchical regression analysis using TUG performance as dependent vari-
able, gender and age as predictors in first step and cognitive in the second step. Results showed
that in the first step, both gender (B 0.88,95%CI (0.72-1.05), 30.17, t 10.55, p< 0.001) and age
(B0.77,95%CI (0.70-0.84), $0.77, t 21.33, p< 0.001) predicted TUG performance. When cog-
nitive status was controlled as a mediator, predictability was slightly reduced but was still sig-
nificant for gender (B 0.89,95%CI (0.73-1.06), 5 0.17, t 10.68, p<<0.001) and age (B 0.76,95%CI
(0.69-0.83), £ 0.34, t 21.16, p<0.001). Cognitive status, as a mediator, predicted TUG perfor-
mance even when both gender and age were controlled for (B 0.24,95%CI (0.02-0.47), 30.03, ¢
2.10, p = 0.36). Cognitive status improved the prediction of TUG performance in addition the
independent variables (gender and age) (AR’ 0.001, F 4.40, p = 0.36).
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Table 2. Socio demographic data—Wave 2 [measured as mean * SD or n (%)].

Variables
Age (mean = SD)
Age group n(%)
6064 years
65—69 years
70-74 years
75-79 years
>80 years
Nationality n(%)
Malay
Indian
Chinese
Weight (mean + SD)
Height (mean + SD)
Cognitive status n(%)
MCI
Non-MCl
Past History of Falls n(%)
Had history of fall
No history of fall
Medical History n(%)
Hypertension
Diabetes
Heart Disease
Cataract/Glaucoma
Joint pain
Gout
Hearing and vision problem
Urinary Incontinence
TUG (mean + SD)(s)

Men (n =661) Women (n = 640) Total (n =1301)

70.645.7 69.14+5.5 69.915.7

108 (16.3) 146 (22.8) 254 (19.5)

207 (29.3) 226 (35.3) 433(33.3)

181 (25.2) 161 (25.2) 342 (26.3)

121 (14.9) 77 (12.0) 198 (15.2)

44 (5.2) 30 (4.7) 74(5.7)

445 (67.3) 371 (58.0) 816 (62.7)

35 (5.3) 25 (3.9) 60 (4.6)

181 (27.4) 244 (38.1) 425 (32.7)
64.4+12.3 58.0+11.4 61.3+12.3
161.746.5 150.5+5.9 156.3+8.4

130 (19.7) 87 (13.6) 217 (16.7)

531 (80.3) 553 (86.4) 1084 (83.3)

92 (13.9) 147 (23.0) 239 (18.4)

569 (86.1) 492 (76.9) 1061 (81.6)

314 (47.5) 334 (52.2) 648 (49.8)

177 (26.8) 164 (25.6) 341 (26.2)

76 (11.5) 31 (4.8) 107 (8.2)

70 (10.6) 71 (11.1) 141 (10.8)

151 (22.8) 168 (26.3) 319 (24.5)

40 (6.1) 19 (3.0) 59 (4.5)

35 (30.0) 30 (4.7) 65 (5.0)

99 (15.0) 29 (4.5) 128 (9.8)
11.242.4 11.912.6 11.6+2.5

TUG = timed up and go; MCI = mild cognitive impairment, SD = standard deviation, s = second

https://doi.org/10.1371/journal.pone.0185641.t1002

Sobel test showed that the complete pathway gender (independent variable) to cognitive
(mediator) to TUG performance (dependent variable) was significant (z -2.66, p <0.01). The
complete pathway from age (independent variable) to cognitive status (mediator) to TUG per-
formance (dependent variable) was also significant (z 2.22, p 0.03). Therefore, indicating that
cognitive status partially mediates the effect of gender and age on TUG performance. This
result suggest that gender and age contribute directly to explain variation in TUG performance
and indirectly via cognitive status (Fig 1). Therefore, cognitive status was included as a factor
in establishing TUG normative data.

Descriptive analysis (Table 6) showed that women in older age groups with MCI took lon-
ger time to complete TUG across all age groups. However, some of the age groups with MCI
completed TUG at a shorter duration compared to those without MCl i.e., age group 80-84
years for men and 70-74 years, 75-79 years and 80-84 years for women. For instance, men
with MCI in age group of 80-84 years had better TUG performance compared to men without
MCI in age group of 80-84 years. Some older adults in certain age groups with MCI also
appeared to be faster in TUG performance compared to younger age groups. Women with
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Table 3. Mean differences in pooled data of TUG score performance among older adults based on cognitive, gender and age.

Variables TUG score (s) Difference in TUG Performance (p-value)
n % Mean SD
Cognitive
Without MCI 2856 84.4 11.3 2.6 0.007 2
MCI 529 15.6 11.6 25
Gender
Men 1666 47.7 11.0 25 <0.0012
Women 1719 52.3 11.6 2.7
Age group (years)
60-64 879 23.9 10.4 2.3 <0.001°
65—69 1047 30.2 11.0 24
70-74 811 241 11.4 2.6
75-79 477 15.7 12.6 2.7
>80 171 6.1 13.6 2.5
Past History of Falls n(%)
Had history of fall 621 18.3 11.6 2.6 0.001°2
No history of fall 2764 81.7 11.2 2.7
Medical History
Hypertension* <0.0012
Yes 303 9.8 11.85 2.65
No 3082 90.2 11.25 2.59
Diabetes 0.25%
Yes 884 26.1 11.39 2.59
No 2501 73.9 11.27 2.60
Heart Disease 0.022
Yes 315 9.3 11.62 2.64
No 3070 90.7 11.27 2.59
Cataract/Glaucoma 0.43°
Yes 329 9.7 11.42 2.83
No 3056 90.3 11.29 2.57
Joint pain <0.0012
Yes 817 241 11.78 2.61
No 2568 75.9 11.15 2.57
Gout 0.072
Yes 145 4.3 11.69 2.77
No 3240 95.7 11.28 2.59
Hearing and vision problem <0.001 #
Yes 303 9.0 11.85 2.65
No 3082 91.0 11.25 2.59
Urinary Incontinence 0.003°
Yes 326 9.6 11.71 2.57
No 3059 90.4 11.26 2.60

TUG = timed up and go; s = seconds; MCI = mild cognitive impairment; SD = standard deviation;

8ndependent t-test;
PANOVA,

https:/doi.org/10.1371/journal.pone.0185641.t003
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Table 4. Multifactorial interaction in TUG score performance.

Variables df F Sig

Gender 1 22.5 <.0001
Age 4 42.2 <.0001
Cognitive Status 1 0.2 .689
Age*Gender 4 1.0 .426
Cognitive Status*Gender 1 4.0 .046
Cognitive Status*Age 4 2.7 .027
Cognitive Status*Gender* Age 4 0.5 714

Adjusted for Hypertension, Heart Disease, Joint Pain, Vision/Hearing Impairment, Incontinence, History of
fall

https://doi.org/10.1371/journal.pone.0185641.t1004

MCI in age group 70-74 were faster in TUG performance compared to some younger age
groups (women with MCI in age group 65-69 years). Similarly, men with MCI in age group
65-69 in a shorter time in comparison to men with MCI in age group 60-64years.

Discussion

The aim of our study was to identify normative data of TUG performance among community
dwelling older adults, according to with and without MCI, gender and age groups. The results
showed that TUG performance was moderated by MCI x gender and MCI x age. However, age
x gender x MCI and MCI alone were not found to moderate TUG performance. To the best of
our knowledge, no previous information is available regarding multifactorial interaction of
age, gender and MCI on TUG performance more so, in establishing normative data of TUG
based on these factors.

Our findings showed that TUG performance was moderated by age or gender but not age x
gender. Decline in physical performance with aging such as muscle strength, and men having
better physical performance compared to women are known facts [25, 36-37]. Meanwhile,
result for age x gender on TUG performance suggested that TUG performance pattern may be
similar among older adults across genders. Similar results were found in a 10-year prospective
Swedish study among older adults aged 50 to 80 years [38]. The authors linked these results to

Table 5. Predictors for TUG using cognitive status as mediator.

Predictor Step1 Step2
B B 95%ClI

Age 0.77*** 0.76*** 0.69-0.83
Gender 0.88*** 0.89*** 0.73-1.06
Cognitive status 0.24* 0.15-0.47
R? 13.4 13.4
F 111.4 4.4
AR? 0.001
AF 4.4%
*p<0.5,
**p<_o1

https://doi.org/10.1371/journal.pone.0185641.t1005
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Mediator

Cognitive status

B=0.24*

Gender

TUG performance

Age

““““ / Dependent Variable

Note: *p<.05, ** p<.01, *#* p<.001
Changes in Beta weights when mediator is present are underlined.

Fig 1. Mediation model showing the effects of gender and age on TUG performance with cognitive
status as the mediator.

https://doi.org/10.1371/journal.pone.0185641.g001

similar age-related decline rate in physical performance namely, gait, balance and hand grip
strength in both genders [38].

MCI solely or in three-way interactions with age and gender did not affect TUG perfor-
mance. However, if gender or age is considered along with MCI, it appeared to act as TUG
performance moderator. This result suggested that MCI had an influence on TUG perfor-
mance but not on its own. Our findings are supported by a previous study showing that older
adults with MCI took longer time to perform TUG, although it was not significant [19]. More
sensitive tools may be required to detect micro changes in functional mobility among older
adults with MCI as summarised in a recent review [15]. Moreover, age and gender were dem-
onstrated to be associated with the magnitude of cognitive deterioration [39].

Consistent with information on normative values of TUG performance among older adults
without MCI [21,40], we found that TUG performance in older adults is dependent on age
and gender. Data stratification by gender and age in our study showed that older women con-
sistently took longer time to perform TUG across all age groups, compared to men. This trend
whereby, women been slower than men with increase in age groups, is similar to the work of
Pondal & Ser [21], studied among 527 Spanish community dwelling older adults. This finding
however is contradictory to the results of the study by Steffen, Hacker & Mollinger [25] involv-
ing 96 community Canadian dwelling older adults.

TUG scores of the youngest to oldest age group ranged between 8 to 11 seconds for men
and 10 to 12 seconds for women [21]. In contrast, TUG scores for women and men were
reported to be similar with a score of 8 and 9 seconds for age group 60 to 69 years and 70 to 79
years, respectively [25]. Only in age group 80 to 89 years, a difference in TUG score was noted
between women (11 seconds) and men (10 seconds). Small sample size in each subgroups
which ranged from 8-22, may have influenced the results [25].

TUG score for men and women in age group of early 70 years to 80 was approximately 9
and 11 seconds respectively [21]. In comparison, our study participants achieved similar TUG
performance in the early 60-years age group, indicating slower TUG performance compared
to Spanish older adults. The difference is possible due to many factors. Firstly, it may be due to
variation in race. It was found that Japanese adults and those residing in Western Europe
countries had faster walking speed [41]. While, adults from non-industrialized countries such
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as Middle East, Latin America and Asia had slower walking speed [41]. Secondly, methodolog-
ical difference may exist in the different studies. For example, in the Spanish study [21], older
adults with osteoarticular disease and with gait disturbances were excluded. However, to allow
generalisation of the results in our study, factors such as osteoarticular diseases which is a com-
mon condition in older adults was included with consideration of the level of pain [42]. In our
study, about 25% of the participants had joint pain. Lastly, TUG instructions differed.

The several strengths in our study, included the large and robust sampling method which is
similar to national data [26], allowing generalisation and also robust characterisation of MCI.
TUG has been used for decades and a number of reference values has been established. How-
ever, most of the values apply for older adults with age of 65 years and above. Thus, this study
adds to the TUG normative data of older adults at the age group of 60 to 65 years, which is
lacking in most previous studies. The limitation of our study was that the sample size of older
adults with MCI was limited and it may not be representative of the group. This could have
also resulted in inconsistent trends of TUG performance.

In future studies, assessing TUG performance with fast speed [43] is warranted as this test
may further challenge cognitive ability. It is hoped that clinically, a meaningful difference
between older adults with and without MCI may be possible, while still maintaining simplicity
and practicality of the test for large-scale screening. In addition, it will be beneficial to further
examine if TUG performance used to screen for functional mobility will be similarly useful to
detect early MCI among older adults as the association between mobility and cognition is bidi-
rectional. Older adults without dementia and with abnormal gait was demonstrated to have
higher risk of developing dementia after seven years of follow up. There may be a potential to
use mobility test in identifying older adults with MCI as it appears much earlier compared to
difficulty in performing activities of daily living [44].”

Conclusions

This is among the first large scale study designed to determine normative values of TUG in
community dwelling older adults based on cognitive status, gender and age groups. This study
has found that generally older adults with MCI took longer time to accomplish TUG. Hence,
TUG normative values presented in this study might be useful to serve as reference for com-
munity dwelling older adults’ performance. Although the interaction (gender x age x cognitive
status) was not statistically significant, detailing TUG performance based on cognitive status,
gender and age will provide researchers and clinicians with more precise representation of
functional mobility among older adults with and without MCI, using a simple test. Besides
that, therapists are suggested to screen older adults for MCI prior to assessing TUG test for
accurate interpretation. Early identification of mobility impairment especially among older
adults with MCI will allow more gain from early intervention management.

Acknowledgments

We thank all participants and research team for their support and assistance rendered in the
study. We would also like to thank Mr. Indarpal Singh Didar Singh, who assisted in the proof
reading and English language editing of this manuscript. This study was funded using Long-
term Research Grant Scheme (LRGS) provided by Ministry of Education Malaysia (LRGS/BU/
2012/UKM-UKM/K/01) through Universiti Kebangsaan Malaysia.

Author Contributions

Conceptualization: Azianah Ibrahim, Devinder Kaur Ajit Singh, Suzana Shahar.

PLOS ONE | https://doi.org/10.1371/journal.pone.0185641 October 3, 2017 11/14


https://doi.org/10.1371/journal.pone.0185641

@° PLOS | ONE

TUG normative data with cognitive impairment, gender and age stratification

Data curation: Azianah Ibrahim.

Formal analysis: Azianah Ibrahim, Devinder Kaur Ajit Singh, Suzana Shahar.
Funding acquisition: Suzana Shahar.

Investigation: Azianah Ibrahim, Devinder Kaur Ajit Singh.

Methodology: Azianah Ibrahim, Devinder Kaur Ajit Singh, Suzana Shahar.

Project administration: Azianah Ibrahim, Devinder Kaur Ajit Singh, Suzana Shahar.
Resources: Azianah Ibrahim, Devinder Kaur Ajit Singh, Suzana Shahar.
Supervision: Devinder Kaur Ajit Singh.

Writing - original draft: Azianah Ibrahim.

Writing - review & editing: Devinder Kaur Ajit Singh, Suzana Shahar.

References

1. World Health Organization: WHO | Facts about ageing 2014 [cited 2015 Mar 21]; http://www.who.int/
ageing/about/facts/en/

He W, Goodkind D, Kowal P: An Aging World: 2015 International Population Reports. 2016. P95/09-1

3. NACSCOM: High-level Meeting on the Regional Review of the Implementation of the Madrid Interna-
tional Plan of Action on Ageing (MIPAA). Macao,China, 2007.

4. Aglero-Torres H, Thomas VS, Winblad B, Fratiglioni L: The impact of somatic and cognitive disorders
on the functional status of the elderly. J Clin Epidemiol 2002; 55:1007-1012. PMID: 12464377

5. Petersen RC: Mild cognitive impairment as a diagnostic entity; in: Journal of Internal Medicine. 2004, pp
183—-194. https://doi.org/10.1111/j.1365-2796.2004.01388.x PMID: 15324362

6. Rosenberg PB, Johnston D, Lyketsos CG: A clinical approach to mild cognitive impairment. Am J Psy-
chiatry 2006; 163:1884—1890. https://doi.org/10.1176/ajp.2006.163.11.1884 PMID: 17074938

7. LeelK, Shahar S, Chin AV, Mohd Yusoff NA, Rajab N, Aziz SA: Prevalence of gender disparities and
predictors affecting the occurrence of mild cognitive impairment (MCI). Arch Gerontol Geriatr 2012;
54:185-191. https://doi.org/10.1016/j.archger.2011.03.015 PMID: 21546098

8. Crepaldi G, Maggi S: Sarcopenia and osteoporosis: A hazardous duet. J Endocrinol Investig 2005;
28:66-68.

9. Greene BR, Doheny EP, Walsh C, Cunningham C, Crosby L, Kenny R a: Evaluation of falls risk in com-
munity-dwelling older adults using body-worn sensors. Gerontology 2012 Jan; 58:472—-80. https://doi.
org/10.1159/000337259 PMID: 22571883

10. Beauchet O, Bartha R, Wells JL, Borrie MJ: Motor cortex and gait in mild cognitive impairment: a mag-
netic resonance spectroscopy and volumetric imaging study. BRAIN 2013; 136:859-871. https://doi.
org/10.1093/brain/aws373 PMID: 23436505

11. Montero-Odasso M, Oteng-Amoako A, Speechley M, Gopaul K, Beauchet O, Annweiler C, et al.: The
motor signature of mild cognitive impairment: Results from the gait and brain study. Journals Gerontol
—Ser A Biol Sci Med Sci 2014; 69:1415—-1421.

12. Schepker CA, Leveille SG, Pedersen MM, Ward RE, Kurlinski LA, Grande L, et al.: Effect of Pain and
Mild Cognitive Impairment on Mobility. J Am Geriatr Soc 2016; 64:138-143. https://doi.org/10.1111/jgs.
13869 PMID: 26782863

13. Verghese J, Robbins M, Holtzer R, Zimmerman M, Wang C, Xue X, et al.: Gait dysfunction in mild cogni-
tive impairment syndromes. J Am Geriatr Soc 2008; 56:1244—-1251. https://doi.org/10.1111/j.1532-
5415.2008.01758.x PMID: 18482293

14. Beauchet O: Gait variability at fast-pace walking speed: A biomarker of mild cognitive impairment? J
Nutr Health Aging 2013; 17:235-239. https://doi.org/10.1007/s12603-012-0394-4 PMID: 23459976

15. Bahureksa L, Najafi B, Saleh A, Sabbagh M, Coon D, Mohler MJ, et al.: The Impact of Mild Cognitive
Impairment on Gait and Balance: A Systematic Review and Meta-Analysis of Studies Using Instru-
mented Assessment. Gerontology 2016;77030. https://doi.org/10.1159/000445831 PMID: 27172932

16. Lee SH,Han JH, JinYY, Lee IH, Hong HR, Kang HS: Poor physical fitness is independently associated
with mild cognitive impairment in elderly Koreans. Biol Sport 2016; 33:57—62. https://doi.org/10.5604/
20831862.1185889 PMID: 26985135

PLOS ONE | https://doi.org/10.1371/journal.pone.0185641 October 3, 2017 12/14


http://www.who.int/ageing/about/facts/en/
http://www.who.int/ageing/about/facts/en/
http://www.ncbi.nlm.nih.gov/pubmed/12464377
https://doi.org/10.1111/j.1365-2796.2004.01388.x
http://www.ncbi.nlm.nih.gov/pubmed/15324362
https://doi.org/10.1176/ajp.2006.163.11.1884
http://www.ncbi.nlm.nih.gov/pubmed/17074938
https://doi.org/10.1016/j.archger.2011.03.015
http://www.ncbi.nlm.nih.gov/pubmed/21546098
https://doi.org/10.1159/000337259
https://doi.org/10.1159/000337259
http://www.ncbi.nlm.nih.gov/pubmed/22571883
https://doi.org/10.1093/brain/aws373
https://doi.org/10.1093/brain/aws373
http://www.ncbi.nlm.nih.gov/pubmed/23436505
https://doi.org/10.1111/jgs.13869
https://doi.org/10.1111/jgs.13869
http://www.ncbi.nlm.nih.gov/pubmed/26782863
https://doi.org/10.1111/j.1532-5415.2008.01758.x
https://doi.org/10.1111/j.1532-5415.2008.01758.x
http://www.ncbi.nlm.nih.gov/pubmed/18482293
https://doi.org/10.1007/s12603-012-0394-4
http://www.ncbi.nlm.nih.gov/pubmed/23459976
https://doi.org/10.1159/000445831
http://www.ncbi.nlm.nih.gov/pubmed/27172932
https://doi.org/10.5604/20831862.1185889
https://doi.org/10.5604/20831862.1185889
http://www.ncbi.nlm.nih.gov/pubmed/26985135
https://doi.org/10.1371/journal.pone.0185641

@° PLOS | ONE

TUG normative data with cognitive impairment, gender and age stratification

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Allali G, Annweiler C, Predovan D, Bherer L, Beauchet O: Brain volume changes in gait control in
patients with mild cognitive impairment compared to cognitively healthy individuals; GAIT study results.
EXG 2015;c. https://doi.org/10.1016/j.exger.2015.12.007 PMID: 26705916

McGough EL, Kelly VE, Logsdon RG, McCurry SM, Cochrane BB, Engel JM, et al.: Associations
between physical performance and executive function in older adults with mild cognitive impairment:
gait speed and the timed “up & go” test. Phys Ther 2011 Aug; 91:1198-207. https://doi.org/10.2522/ptj.
20100372 PMID: 21616934

Mirelman A, Weiss A, Buchman AS, Bennett DA, Giladi N, Hausdorff JM: Association between perfor-
mance on timed up and go subtasks and mild cognitive impairment: Further insights into the links
between cognitive and motor function. J Am Geriatr Soc 2014; 62:673—678. https://doi.org/10.1111/jgs.
12734 PMID: 24635699

Eggermont LH, Gavett BE, Volkers KM, Blankevoort CG, Scherder EJ, Jefferson AL, et al.: Lower-
Extremity Function in Cognitively Healthy Aging, Mild Cognitive Impairment, and Alzheimer’s Disease.
Arch Phys Med Rehabil 2010; 91:584-588. https://doi.org/10.1016/j.apmr.2009.11.020 PMID:
20382291

Pondal M, del Ser T: Normative data and determinants for the timed “up and go” test in a population-
based sample of elderly individuals without gait disturbances. J Geriatr Phys Ther 2008; 31:57-63.
PMID: 19856551

Odonkor CA, Thomas JC, Holt N, Latham N, VanSwearingen J, Brach JS, et al.: A comparison of
straight- and curved-path walking tests among mobility-limited older adults. Journals Gerontol—Ser A
Biol Sci Med Sci 2013; 68:1532—-1539.

Donoghue OA, Horgan NF, Savva GM, Cronin H, Regan CO, Kenny RA: Association Between Timed
Up-and-Go and Memory, Executive Function, and Processing Speed. Am Geriatr Assoc 2012;
60:1681-1686.

Blackwood J: An Examination of Executive Function, Mild Cognitive Impairment and Fall Risk in Com-
munity Dwelling Older Adults. Dissertations 2013;

Steffen TM, Hacker TA: 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; 82:128-137. PMID: 11856064

Department of Statistics Malaysia: Banci Penduduk dan Perumahan Malaysia 2010 2010; http://www.
epu.gov.my/epu-theme/pdf/1.2.5.pdf.

Shahar S, Omar A, Vanoh D, Hamid TA, Mukari SZMS, Din NC, et al.: Approaches in methodology for
population-based longitudinal study on neuroprotective model for healthy longevity (TUA) among
Malaysian Older Adults. Aging Clin Exp Res 2015;1-16.

Department Of Statistics Malaysia: Population Distribution and Basic Demographic Characteristic
Report 2010 (Updated: 05/08/2011) 2011 [cited 2016 May. 22]; https://www.statistics.gov.my/index.
php?r=column/ctheme&menu_id=L0pheU43NWJwWRWVSZkIWdzQ4TIhUUT09&bul_id=
MDMxdHZjWTk1SjFzTzNkRXYzcVZjdz09

Ministry of Health: Clinical Practise Guideline. ed 2nd 2015.
Petersen RC, Caracciolo B, Brayne C, Gauthier S, Jelic V, Fratiglioni L: Mild cognitive impairment: A

concept in evolution. J Intern Med 2014; 275:214—228. https://doi.org/10.1111/joim.12190 PMID:
24605806

Podsiadlo D, Richardson S: The Timed “Up & Go”: A Test of Basic Functional Mobility for Frail Elderly
Persons. J Am Geriatr Soc 1991; 39:142—-148. PMID: 1991946

Hofheinz M, Schusterschitz C: Dual task interference in estimating the risk of falls and measuring
change: a comparative, psychometric study of four measurements. Clin Rehabil 2010; 24:831-842.
https://doi.org/10.1177/0269215510367993 PMID: 20562166

Rolenz E, Reneker JC: Validity of the 8-Foot Up and Go, Timed Up and Go, and Activities- Specific Bal-
ance Confidence scale in older adults with and without cognitive impairment. JRRD 2016; 53:511-518.
Onis M de, Onyamgo A, Borghi E, Siyam A, Pinol A: WHO Child Growth Standards. Geneva, World
Health Organisation, 2007. http://www.who.int/childgrowth/publications/technical_report_2/en/
Arbogast PG, VanderWeele TJ: Considerations for Statistical Analysis; in: Developing a Protocol for
Observational Comparative Effectiveness Research: A User’s Guide. 2013.

Boss GR, Seegmiller JE: Age-related physiological changes and their clinical significance. West J Med
1981; 135:434-40. PMID: 7336713

Reid KF, Doros G, Clark DJ, Patten C, Carabello RJ, Cloutier GJ, et al.: Muscle power failure in mobil-
ity-limited older adults: Preserved single Wber function despite lower whole muscle size, quality and
rate of neuromuscular activation. Eur J Appl Physiol 2012; 112:2289-2301. https://doi.org/10.1007/
s00421-011-2200-0 PMID: 22005960

PLOS ONE | https://doi.org/10.1371/journal.pone.0185641 October 3, 2017 13/14


https://doi.org/10.1016/j.exger.2015.12.007
http://www.ncbi.nlm.nih.gov/pubmed/26705916
https://doi.org/10.2522/ptj.20100372
https://doi.org/10.2522/ptj.20100372
http://www.ncbi.nlm.nih.gov/pubmed/21616934
https://doi.org/10.1111/jgs.12734
https://doi.org/10.1111/jgs.12734
http://www.ncbi.nlm.nih.gov/pubmed/24635699
https://doi.org/10.1016/j.apmr.2009.11.020
http://www.ncbi.nlm.nih.gov/pubmed/20382291
http://www.ncbi.nlm.nih.gov/pubmed/19856551
http://www.ncbi.nlm.nih.gov/pubmed/11856064
http://www.epu.gov.my/epu-theme/pdf/1.2.5.pdf
http://www.epu.gov.my/epu-theme/pdf/1.2.5.pdf
https://www.statistics.gov.my/index.php?r=column/ctheme&menu_id=L0pheU43NWJwRWVSZklWdzQ4TlhUUT09&bul_id=MDMxdHZjWTk1SjFzTzNkRXYzcVZjdz09
https://www.statistics.gov.my/index.php?r=column/ctheme&menu_id=L0pheU43NWJwRWVSZklWdzQ4TlhUUT09&bul_id=MDMxdHZjWTk1SjFzTzNkRXYzcVZjdz09
https://www.statistics.gov.my/index.php?r=column/ctheme&menu_id=L0pheU43NWJwRWVSZklWdzQ4TlhUUT09&bul_id=MDMxdHZjWTk1SjFzTzNkRXYzcVZjdz09
https://doi.org/10.1111/joim.12190
http://www.ncbi.nlm.nih.gov/pubmed/24605806
http://www.ncbi.nlm.nih.gov/pubmed/1991946
https://doi.org/10.1177/0269215510367993
http://www.ncbi.nlm.nih.gov/pubmed/20562166
http://www.who.int/childgrowth/publications/technical_report_2/en/
http://www.ncbi.nlm.nih.gov/pubmed/7336713
https://doi.org/10.1007/s00421-011-2200-0
https://doi.org/10.1007/s00421-011-2200-0
http://www.ncbi.nlm.nih.gov/pubmed/22005960
https://doi.org/10.1371/journal.pone.0185641

@° PLOS | ONE

TUG normative data with cognitive impairment, gender and age stratification

38.

39.

40.

41.
42.

43.

44,

Daly RM, Rosengren BE, Alwis G, Ahlborg HG, Sernbo |, Karlsson MK: Gender specific age-related
changes in bone density, muscle strength and functional performance in the elderly: a-10 year prospec-
tive population-based study. BMC Geriatr 2013; 13:1-9.

TakiY, Thyreau B, Kinomura S, Sato K, Goto R, Kawashima R, et al.: Correlations among brain gray
matter volumes, age, gender, and hemisphere in healthy individuals. PLoS One 2011; 6. https://doi.org/
10.1371/journal.pone.0022734 PMID: 21818377

Vassilaki M, Aakre JA, Cha RH, Kremers WK, St. Sauver JL, Mielke MM, et al.: Multimorbidity and risk
of mild cognitive impairment. J Am Geriatr Soc 2015; 63:1783—1790. https://doi.org/10.1111/jgs.13612
PMID: 26311270

Levine RV, Norenzayan A: the Pace of Life in 31 Countries. J Cross Cult Psychol 1999; 30:178-205.

Kayser B, Miotto C, Molin VD, Kummer J, Klein SR, Wibelinger LM: Influence of chronic pain on func-
tional capacity of the elderly. Rev Dor 2014; 15:48-50.

Van Uem JMT, Walgaard S, Ainsworth E, Hasmann SE, Heger T, Nussbaum S, et al.: Quantitative
timed-up-and-go parameters in relation to cognitive parameters and health- related quality of life in mild-
to-moderate Parkinson’s disease. PLoS One 2016; 11:1-15.

Alexander NB, Goldberg A: Gait disorders: Search for multiple causes. Cleve Clin J Med 2005; 72.
https://doi.org/10.3949/ccjm.72.7.586

PLOS ONE | https://doi.org/10.1371/journal.pone.0185641 October 3, 2017 14/14


https://doi.org/10.1371/journal.pone.0022734
https://doi.org/10.1371/journal.pone.0022734
http://www.ncbi.nlm.nih.gov/pubmed/21818377
https://doi.org/10.1111/jgs.13612
http://www.ncbi.nlm.nih.gov/pubmed/26311270
https://doi.org/10.3949/ccjm.72.7.586
https://doi.org/10.1371/journal.pone.0185641

