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ABSTRACT

Background/Purpose: The timed up and go test (TUG) is a useful and simple
assessment method that comprehensively assesses the health status of older
adults. We hypothesized that TUG could identify robustness and prefrailty in
community-dwelling older adults. The purpose of this study was to examine
whether TUG can identify robustness and prefrailty in community-dwelling
older adults.

Methods: This study is a cross-sectional study. We included 118 community-
dwelling older adults (age: 75 = 6 years; female population: 73%). We
obtained basic data, such as sex, age, family structure, pain, height, weight,
and skeletal muscle mass index. Robustness and prefrailty were assessed
using the Kihon Checklist (KCL). We also evaluated TUG, hand grip strength,
five times sit-to-stand test (FTSST), gait speed, and mini-mental state
examination (MMSE).

Results: After adjusting for confounding factors with covariates, the
generalized linear model showed that only TUG was significantly associated
with KCL (standard regression coefficient = 0.28, p = 0.019). Additionally,
TUG could potentially discriminate between robustness and prefrailty based
on KCL (cutoff value: TUG = 6.4 s, area under the curve [AUC] = 0.69, p =
0.003).

Conclusion: TUG was associated with KCL among community-dwelling older
adults. Moreover, TUG can discriminate between robustness and prefrailty
with high predictive ability. These findings indicate that a simple TUG can be
used as a screening tool to determine robustness and pre-frailty, contributing
to the early detection of frailty for health promotion and care prevention in
community-dwelling older adults.
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1. INTRODUCTION

The increasing rate of population aging worldwide
calls for the urgent reporting of findings that
contribute to caregiving prevention and health
promotion among older adults. Frailty is characterized
by a cumulative decline of multiple physiological
systems and is a geriatric syndrome.’ Frailty and
prefrailty are associated with future multimorbidity. ?
Moreover, the risk of mortality increases as frailty or
prefrailty worsens.® Thus, frailty and prefrailty should
be prevented because they adversely affect the health
status of older adults and increase the risk of needing
long-term care.® Conversely, frailty and prefrailty are
reversible conditions.” Thus, returning to a robust
state is possible with appropriate assessment and
intervention.

Early detection is important to prevent long-term care
and for health promotion, indicating that identifying
older adults in the prefrailty stage will facilitate the
change to robust health and promote care prevention
and health. Methods, such as the Cardiovascular
Health Study (CHS) criteria and the KCL, are
generally used to assess prefrailty.”” However, these
assessments are time-consuming, subjective, and
therefore susceptible to cognitive function, and
include content that requires specialized knowledge,
all of which hinder their simplicity and reliability.

The TUG has been associated with falls in older adults®
and also captures changes in physical function due to
aging and disease.” Thus, TUG can comprehensively
assess the physical functions of older adults and
indicate their health status.'® Additionally, TUG is highly
versatile because of its short implementation time,
does not require special equipment or knowledge,
and can be performed in a limited space. Considering
the clinical usefulness of the TUG, we hypothesized
that the TUG could discriminate between robustness
and prefrailty in community-dwelling older adults. It
has previously been verified that TUG can discriminate
between prefrailty and robustness.'' However, this study
also included middle-aged participants (50-64 years).
Furthermore, we must also consider that the number of
participants in the analysis was small, at 65. Therefore,
the results of this previous study had limitations in terms
of generalizing to older adults aged 65 and over and
the reliability of the results. In our study, we decided to
test our hypothesis by recruiting participants who were
65 years or older, considering these limitations, and
recruiting participants to meet the sample size.

The objective of this study was to examine whether
TUG can discriminate between robustness and
prefrailty as determined by KCL in community-dwelling
older adults. If our hypothesis is supported by our
study results, it would be a significant report that would
indicate the possibility of simple and early detection of
prefrailty in community-dwelling older adults.
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2. METHODS
2.1. Participants

This study is a cross-sectional study. The inclusion
criteria for participants were community-dwelling
middle-aged and older adults who were independent
in the activities of daily living and who participated
in physical fitness tests that aimed at long-term care
prevention and health promotion. Five physical fitness
tests conducted from March 2021 to March 2024
were included in the analysis. The participants were
recruited by posting posters, posting on the website,
and calling staff members. The recruitment was
limited to the city where the physical fitness test was
being held and the neighboring cities. We excluded
those who were aged <64 years, those whose
measurements were affected by pain or paralysis, and
those with missing values. For some participants who
attended five measurement sessions more than once,
the measurement data from the first participation
were used, and the remaining data were excluded.
Physical fitness test participants were fully informed
of the study's content and objective, and their
consent and cooperation were obtained. In this study,
informed consent was obtained from all participants.
The Ethical Review Committee of the Nishikyushu
University approved this study (24JWWO03).

2.2. Basic Data

Basic patient information was recorded, including
sex, age, whether they lived alone, and pain during
exercise. Additionally, height, weight, body mass
index, and skeletal muscle mass index (SMI) were
measured.

2.3. KCL

The Japanese Ministry of Health, Labor, and
Welfare developed the KCL, which is used to
assess the function of activities of daily living
from multiple perspectives.'” Furthermore, KCL
has been recommended as an introduction to
preventive care services and in the certification of
care requirements.’® Because it is highly useful,
the KCL has been translated and used in different
countries'*" and consists of 25 questions in seven
domains (instrumental activities of daily living, motor
function, nutritional status, oral function, social
isolation, cognitive function, and depressive mood).
Each question is answered with a “yes” or “no,”
and one point is given if applicable. The higher the
total point, the higher the risk of frailty, with 0-3,
4-7, and =8 points being considered robustness,
prefrailty, and frailty, respectively.® A systematic
review has shown that the KCL is a reliable indicator
for assessing frailty.® Additionally, it has shown the
same validity as other frailty assessment tools and
has sufficient accuracy."”
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2.4. TUG

TUG was measured using a digital stop. The
participants were instructed to stand up from a chair
with a 40 cm seat at a typical height, walk around a
landmark 3 m in front of them, return to the chair, and
sit down. The time required for the series of actions
was measured twice, and the shortest time was used
for analysis. The TUG has been proven to be highly
reliable and clinically useful.”

2.5. Other Measurements

Hand grip strength was measured using a Smedley
grip strength tester (T.K.K. 3364, Takei Scientific
Instruments Co., Ltd., Niigata, Japan), which is highly
reliable.”” The measurement limb position was the
standing position, the elbow joint was in extension,
and the grip width of the hand grip strength tester
was adjusted so that the proximal interphalangeal
joint was at 90°. The measurements were obtained
twice, alternating between left and right, and the
maximum value was used.

FTSST was measured using a chair with a 40-cm seat
and a digital stopwatch. The starting position was set
as seated. The upper extremities were crossed in front
of the chest, and the participants were instructed to
stand up five times as fast as possible, and the time
required was measured. The FTSST is a reliable and
useful assessment of lower limb muscle strength.”**'

Walking speed was measured using a digital
stopwatch. The participants were instructed to
walk 11 m on level ground at their usual walking
speed, and the time required to walk the middle 5
m was recorded. The recommended length of the
walking path when assessing walking speed should
be 10 m rather than 4 m.? Therefore, in this studly,
measurements were performed on an 11 m walking
path. Measurements of walking speed are reliable.”®

MMSE was measured using a questionnaire in a face-
to-face session. MMSE is an internationally common
method that assesses cognitive function.”* MMSE
consists of 11 items, and a higher score on a 30-point
scale indicates higher cognitive function, whereas a
score <23 indicates cognitive dysfunction.”

2.6. Statistics Analysis

Statistical analysis was performed to examine the
association between KCL and TUG by using a
generalized linear model with the total KCL points
used to determine robustness, with total KCL points
and TUG as the dependent and independent variables,
respectively. We also created models with SMI,** hand
grip strength,” FTSST,” gait speed,” MMSE,” living
alone (ref: no),” pain (ref: no),” sex (ref: female), and
age as covariates, based on previous research, and
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adjusted for confounding factors to examine whether
the association between TUG and KCL remains. The
selection of variables used the forced entry method.
In the generalized linear model, the significance of
the model was confirmed using analysis of variance.
The goodness of fit of the regression equation,
residuals, and multicollinearity were confirmed using
R?, Durbin-Watson ratio, and variance inflation factor
(VIF), respectively. Furthermore, to examine whether
TUG can discriminate robustness and prefrailty
as determined by KCL, the receiver operating
characteristic (ROC) curve was obtained, and the
AUC and cutoff values were calculated to determine
discriminatory ability. Statistical significance level was
set at 5% (p < 0.05), and SPSS (version 28.0, IBM
Corp., Armonk, New York) was used for analysis.

2.7. Sample Size

Sample sizes required for the generalized linear model
were calculated a priori with ES () = 0.15, a error =
0.05, power = 0.8, and 10 independent variables.
Thus, 118 participants were required. G*Power 3.1.9.7
was used to calculate the power.

3. RESULTS
3.1. Characteristics of Participants

Table 1 shows the characteristics of the 118
community-dwelling older adults (age: 75 + 6 years,
73% women) (Table 1). We excluded 247 participants
who met the exclusion criteria: data from the second
and subsequent times for those who participated in
more than one physical fitness test (n = 232), those
<64 years old (n = 11), and those with missing values
(n = 4) (Figure 1). The samples in this study met the
precalculated required sample size.

3.2. Association Between KCL Total Points and
TUG

Table 2 shows the results of the generalized linear
model examining the association between KCL total
points and TUG. TUG was significantly associated
with KCL total scores for community-dwelling older
adults (standardization factor = 0.33, p < 0.001). We
also created an adjusted model (Model 2) wherein
variables considered as covariates were entered. The
association between KCL total points and TUG was
maintained (standardization factor = 0.28, p = 0.019).
The regression equation for Model 2 was significant (p
= 0.003), with R* and Durbin-Watson ratio of 0.48 and
1.96, respectively, indicating residuals. VIF confirmed
multicollinearity, but no variable showed >5.

3.3. TUG to Identify Robustness and Prefrailty

A cutoff value was calculated using the ROC curve
to determine if TUG could discriminate between
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robustness (n = 92) and prefrailty (n = 26) as
determined by KCL total points (Figure 2). The results
showed that the cutoff value of TUG to discriminate
robustness from prefrailty was 6.4 s (AUC = 0.69, p =
0.003, sensitivity = 0.56, specificity = 0.90) (Table 3).

4. DISCUSSION

The objective of this study is to determine whether

standing up, walking, and sitting down. Stand up and
sit down movements in older adults are associated with
lower limb muscle strength® and balance control.”’
In addition, walking speed is considered the body’s
sixth vital sign.> Moreover, the TUG, including such
movements, comprehensively captures the physical
function and health status of older adults, and the
significant association with the total KCL points is
also reasonable. In fact, the association between TUG

TUG can discriminate between robustness and
prefrailty as determined by KCL. The analysis revealed
a significant association between total KCL points and
TUG. Furthermore, TUG can discriminate between
robustness and prefrailty as determined by the total
KCL score.

and the KCL components of nutritional status, social
isolation, and depressive mood has also been clarified,

Figure 1. Analysis participants selection flowchart

Middle-aged and older adults living in the community-dwelling who participated in the
physical fitness test held from March 2021 to March 2024
(n=365)

Prefrailty is the stage before frailty and is closer to
robustness.®’ However, this condition should not be
taken lightly, as it has been linked to an increased risk
of developing heart failure’ and death after 5 years
* and expresses physical frailty in older adults. Thus,
early detection of prefrailty is also necessary for health
promotion and long-term care prevention for older
adults. Conversely, TUG is an assessment that includes

Exclusion criteria (n=247)

« Data from the second and subsequent times for those

‘who participated in more than once (7 =232)
- Participants under 64 years old (n = 11)

- Participants with missing values (7= 4)

Older adults living in the community-dwelling who participated in the physical fitness
test meeting.

(n=118)

Table 1. Characteristics of analyzed participants

Over all 95% Cl
(n=118) p value

Age (years) 75+ 6 77+6 77 +6 0.045° 0.42° 0.01 0.83
Living alone

Yes n (%) 25 (21%) 3 (9%) 22 (26%) 0.075° 0.18 0.03 0.31
Pain

Yes n (%) 67 (57%) 16 (50%) 51 (59%) 0.407° 0.08' 0.01 0.26
Height (cm) 163.8 £ 6.8 161.8 4.5 150.1 £ 4.8 <0.001° 2.34° 1.83 2.84
Weight (kg) 53.1+8.7 60.3 + 5.1 50.4 + 8.2 <0.001° 1.32¢ 0.87 1.75
BMI (kg/m?) 224 £ 3.1 23120 222+3.4 0.083° 0.29° -0.12 0.69
SMI (kg/m?) 6.4+13 76+1.8 6.0+0.6 <0.001° 1.48° 1.02 1.94
KCL

IADL (points) 0 (0-1) 0(0-1 0(0-1) 0.712° 0.04°

Physical function (points) 0 (0-1) 0 (0-1) 0 (0-1) 0.651° 0.04°

Nutritional status (points) 0 (0-0) 0 (0-0) 0 (0-0) 0.058" 0.18°

Oral function (points) 0 (0-1) 0 (0-1) 0 (0-1) 0.989° 0.00°

Social isolation (points) 0 (0-0) 0 (0-0) 0 (0-0) 0.045" 0.19°

Cognitive function(points) 0 (0-0) 0 (0-1) 0 (0-0) 0.261° 0.10°

Depressive mood (points) 0 (0-1) 0 (0-1) 0 (0-1 0.987° 0.00°

Total (points) 22 22 2£2 0.988° 0.00° -0.41 0.40
TUG (s) 55+ 1.1 55+ 1.1 56+ 1.1 0.407° 0.17° -0.68 0.24
Hand grip strength (kg) 264 7.1 35.7£4.7 229+4.2 <0.001° 2.94° 2.37 3.50
FTSST (s) 6.4+21 6.8+2.4 6.3+2.0 0.299° 0.22° -0.19 0.62
Gait speed (m/s) 14+£0.2 1.3+0.3 14+0.2 0.036° -0.45° -0.86 -0.03
MMSE (points) 292 292 29+ 1 0.385° -0.18° -0.59 0.23

Notes: Values are number (%), mean = SD, and median (1st quartile-3rd quartile); p values were obtained by ° t-fest, ® Mann-Whitney U fest, and ¢ chi-
square test; ES were presented as ¢ Cohen's d, °r, and " ¢ coefficient.

Abbreviations: BMI, body mass index; Cl, confidence interval; ES, effect size; FTSST, five times sit fo stand tfest; IADL, instrumental activities of daily living;
KCL, Kihon Checklist; MMSE, mini-mental stafe examination; SMI, skeletal muscle mass index; TUG, timed up and go fest.
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supporting the validity of the results of this study.*”***’

Thus, TUG has been associated with frailty as
determined by Fried's frailty phenotype in community-
dwelling female older adults.*® Furthermore, TUG
has also been associated with frailty in older adults in
Ireland evaluated in a similar manner,” which supports
the validity of our study results, although the evaluation
methods are different. A novel and interesting finding
in this study was that TUG was also associated with total
KCL points, which are used to assess frailty. Notably,
the association was observed even with the inclusion
of variables used to determine the frailty phenotype,
such as hand grip strength and walking speed, and
demographic variables, such as sex and age.

Furthermore, TUG can discriminate between
robustness and prefrailty as determined by KCL,
indicating that the TUG can be potentially used as
a screening test for early detection of prefrailty in
community-dwelling older adults, compensating for
the lack of simplicity of the questionnaire assessment,
which was also the impetus for conducting this study,
and for the loss of reliability due to cognitive decline.
The cutoff value to discriminate robustness from
prefrailty was 6.4 s. TUG is frequently used to identify
falls in older adults. A review reported that its cutoff
values ranged from 10 to 32.6 s.*° Furthermore, the
cutoff value of TUG for predicting hospitalization,
admission, or death of older adults was 9.0 s.*
The reason for the lower cutoff value for TUG that
discriminates between robustness and prefrailty than
the cutoff value that predicts these events may be
due to the participants being relatively healthy older
adults who are not at apparent risk, and the values are
intended to identify prefrailty older adults with fewer
difficulties with activities of daily living. Additionally,

Table 2. Association between KCL total score and TUG

Non-standardization

Crude Model (Model 1)

TUG 0.57 0.27
Adjustment Model (Model 2)
TUG 0.52 0.09
SMI 0.15 -0.17
Hand grip strength -0.07 -0.16
FTSST 0.04 -0.17
Gait speed -0.88 -2.65
MMSE 0.17 -0.06
Living alone (Ref: No) -0.11 -0.96
Pain (Ref: No) 0.51 -0.18
Sex (Ref: Female) -0.46 -1.98
Age 0.01 -0.06

Table 3. Cutoff values for TUG fo determine robustness (n = 96)
and prefrailty (n = 26)

Specificity

TUG 64s 069 057 081 0.003 0.56

Nofe: Calculation of cutoff value by Yoden Index.
Abbreviations: AUC, area under the curve; Cl, confidence interval; TUG,
timed up and go fest.

Figure 2. ROC curve with TUG fo defermine robustness and prefrailty
(Cutoff values = 6.4 s, AUC = 0.69, sensitivity = 0.56, specificity =
0.90)

08

086

Sensitivity

04

02

00 02 04 06 08 1.0

1 - Specificity

Abbreviations: AUC, area under the curve; ROC, receiver operating

characteristic; TUG, timed up and go fest.

Standardization

p value VIF
0.87 0.33 < 0.001
0.94 0.28 0.019 1.69
0.47 0.10 0.360 1.58
0.02 -0.26 0.144 3.97
0.25 0.04 0.731 1.48
0.90 -0.11 0.329 1.55
0.40 0.14 0.141 1.14
0.74 -0.03 0.798 1.16
1.20 0.14 0.146 1.09
1.07 -0.11 0.554 4.32
0.08 0.04 0.741 1.64

Notes: Generalized linear models included Model 1 (ANOVA < 0.001, R? = 0.11, Durbin-Watson ratio = 1.89) and Model 2 (ANOVA = 0.003, R? = 0.48,
Durbin-Watson ratio = 1.96).
Abbreviations: Cl, confidence interval; FTSST, five times sif fo stand test; KCL, Kihon Checklist; MMSE, mini-mental state examination; SMI, skeletal muscle
mass index; TUG, timed up and go fest; VIF, variance inflation factor.
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the cutoff value for the TUG test to discriminate
between robustness and prefrailty for community-
dwelling middle-aged and older adults was 7.7 s."
This study included middle-aged participants, but
the cut-off value was lower than that revealed in our
study. The results of this study emphasize that the
participants in this study are a group with a high level
of health awareness and health. The AUC to determine
discriminability was 0.69 (p = 0.003, sensitivity = 0.56,
specificity = 0.90), which also supports the possibility
that TUG can discriminate robustness and prefrailty.
Generally, discriminability is considered to be high
at =0.7. However, the TUG alone did not have a
markedly high discriminative power. Thus, we believe
that a combination of other variables will be necessary
to further increase the discriminative power.

The strength of this study is that it demonstrated
the potential of a simple, easy-to-effect, and cost-
effective TUG"' to identify robustness and prefrailty in
community-dwelling older adults. This can potentially
be used for early detection of prefrailty among
community-dwelling older adults living independently.
Moreover, this study clarified the association between
KCL and TUG, which has been increasingly used in
many countries in recent years.

However, this study has several limitations. First,
we could not conduct a binomial logistic regression
analysis by dividing the participants into two groups,
robust and prefrail, because of the small number of
prefrail participants in the analysis. Furthermore, there
were no participants who fell under the category of
frailty. Future analyses should include a larger sample
size and a larger number of prefrailty and frailty
participants. Second, the participants were recruited
from one region where the population is health-
conscious. Therefore, the possibility of sampling bias
cannot be ruled out. Future analysis of a broader
population will be necessary. Thirdly, the ROC curve
extracted from the TUG, the only test that showed
a significant association in this study, could not be
judged to have extremely high discriminative power.
It is necessary to conduct an analysis that includes
variables that were not evaluated in this study, and
to verify a model with higher discrimination ability by
making full use of analyses such as multivariate ROC
curves. Finally, because this is a cross-sectional study,
referring to causal effects is impossible. Despite these
limitations, this is a novelty study that clarified the
association between KCL and TUG in community-
dwelling older adults and showed that TUG can
discriminate between robustness and prefrailty as
determined by KCL. We believe these results will
contribute to the future rehabilitation of older adults.

5. CONCLUSION

This study showed that TUG can discriminate between
robustness and prefrailty in community-dwelling older
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adults. Because TUG is a simple and cost-effective
assessment method, it can be used as a screening
assessment method to determine robustness and
prefrailty in community-dwelling older adults. This
may also help in the early detection of prefrailty.
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