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Purpose: This study aimed to evaluate the relationship between timed up-and-go (TUG) test time and changes in frailty status in 
a longitudinal cohort study of rural Japanese older adults.
Patients and Methods: This prospective cohort study included 545 community-dwelling older adults. Initial and 2-year follow-up 
surveys were conducted. We compared the number of the Japanese version of the Cardiovascular Health Study components during the 
follow-up period and classified the participants into three groups: the favorable change, unchanged as prefrail, and unfavorable change 
groups. Associations between changes in frailty status and TUG time in the first survey were examined. The predictive ability of the 
TUG test was determined using the receiver operating characteristic (ROC) curve.
Results: The favorable change group comprised 315 individuals (57.8%), the unchanged as prefrail group 105 (19.2%), and the 
unfavorable change group 125 (22.9%). TUG time was associated with the favorable and unfavorable changes after adjustment for 
covariates (OR 0.79, 95% CI 0.68–0.92, P=0.001 and OR 1.27, 95% CI 1.09–1.49, P=0.002). The ROC curve of TUG time as 
a predictor of unfavorable changes showed an area under the curve of 0.59. A cut-off point of TUG was calculated as 6.3 s with 49.6% 
sensitivity and 66.0% specificity.
Conclusion: TUG time in the first survey was significantly associated with changes in frailty status 2 years later. However, its 
predictive value as a stand-alone test is limited and has the potential to predict future changes in the frailty status in older adults in 
combination with other tests.
Keywords: frailty, cardiovascular health study, older adults, physical function, timed up-and-go test

Introduction
Frailty is a geriatric state characterized by cumulative declines across multiple physiological systems. It is a state of increased 
vulnerability to stressors and causing adverse outcomes, including functional impairment, disability, and mortality.1

Frailty is a multidimensional concept; therefore, its diagnostic method has not been completely decided. The Fried 
frailty index2 frequently used in clinical settings focuses on physical components. Fried et al proposed that frailty 
syndrome was diagnosed based on the following five criteria: unintentional weight loss, self-reported exhaustion, low 
physical activity, slow gait speed, and weakness. Individuals with more than three variables were considered to be frail, 
and those with one or two variables were considered to be prefrail. This analysis revealed that frail and prefrail were 
predictive of adverse outcomes, including mortality. Therefore, frailty is a significant concern in superaged societies and 
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non-aging societies. In Japan, the proportion of older adults is the highest worldwide. The estimated prevalence of frailty 
and prefrail among Japanese community-dwelling older people ranges from 7% to 17% and from 24% to 48%, 
respectively.3,4

Previous studies showed that frailty is a modifiable dynamic process characterized by frequent transitions among 
states over time.5,6 Therefore, adequate assessment and specific interventions could prevent or delay the progression of 
impairment and disability. However, whether a single-measure assessment, such as gait speed or handgrip strength, is 
sufficient to assess future changes in the frailty status remains controversial.

The timed up-and-go (TUG) test is a global measure of mobility.7 Increasing evidence has demonstrated that the TUG 
test is a useful predictor of falls,8–10 fracture incidence,11 future disability,12 mortality,13 and cognitive impairment.8,14 In 
addition to the TUG test, Short Physical Performance Battery (SPPB) is commonly used to evaluate physical function in 
older adults and recognized for its utility in maintaining higher physical functions and fewer comorbidities.15 However, 
the TUG test has the advantage of fewer evaluation components and a shorter administration time compared to SPPB. 
Frailty is considered the pre-stage of disability. In addition, individuals with frailty are at a higher risk for experiencing 
bone fracture resulting from falls.1 However, reports on the association between the TUG test and future change in the 
frailty status are few. The TUG test is simple, easy to perform, and an indicator of physical performance that can evaluate 
complex movements.16 This study was aimed at evaluating the relationship between TUG test results and future changes 
in the frailty status in a longitudinal cohort study involving rural Japanese community-dwelling older adults. We 
speculated that the TUG test might predict future changes in the frailty status in older adults by reflecting the reserve 
capacity of physical function.

Materials and Methods
Study Design and Participants
A prospective cohort analysis was designed and named the Frail Elderly in the Sasayama-Tamba Area (FESTA).17–19 The 
study population, comprising community-dwelling individuals aged 65 years old or more, was recruited from the 
Sasayama-Tamba area, a rural area in Japan. The inclusion criteria were as follows: (i) individuals aged 65 years and 
older living in the Sasayama-Tamba area, Hyogo Prefecture, and (ii) individuals who could visit the Sasayama Medical 
Center where the survey was conducted using any type of transportation. The exclusion criterion was the inability to walk 
independently (not merely the use of a stick). The initial survey was conducted between November 2015 and 
December 2017. The 2-year follow-up survey was conducted between April 2018 and December 2019.

Diagnosis of Frailty
The frailty phenotypes were characterized based on the number of the following five conditions measured using the 
Japanese version of CHS (J-CHS): slow gait speed, weakness, exhaustion, low activity, and weight loss.20 Participants 
who did not have any of these conditions were considered robust. To calculate walking speed, which was used as 
a stratification variable, the participants walked down a 12 m walkway at their preferred speed, and the time taken to 
reach 10 m was measured. Slow gait was established, according to a cut-off point < 1.0 m/s.21 Weakness was assessed 
using the maximum grip strength, which was measured in kilograms using a Smedley-type handheld dynamometer 
(GRIP-A; Takei Ltd., Niigata, Japan). Weakness was established, according to sex-specific cut-off points (< 28 kg for 
men and < 18 kg for women).22 Exhaustion was considered present if the participants responded “yes” to the following 
question, “In the last two weeks, have you felt tired without any reason?”. Physical activity was evaluated by asking the 
following question: “Do you engage in low levels of physical exercise aimed at health?” If participants answered “no” to 
the questions, they were classified into the low activity category. Weight loss was assessed by a response of “yes” to the 
question, “Have you lost 2 kg or more in the past six months?”

TUG
The TUG test requires a person to rise from a chair, walk 3 m as fast as possible without compromising safety, turn 
around a cone, walk back, and sit down.7 Participants could use their regular footwear and be allowed to use any mobility 
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aid that they normally require. Timing started on the instructor’s “Go” and stopped when the person returned to the initial 
position. The TUG test was performed once and measured during the initial survey. A shorter time is indicative of 
a better physical performance.7

Other Variables
Participants’ age, sex, and comorbidities were self-reported. Mini-mental state examination (MMSE)23,24 was used to 
assess the global cognition level. We purchased the Japanese version of MMSE from Nihon Bunka Kagakusha Co., Ltd. 
(Tokyo, Japan). The geriatric depression scale (GDS) 15 was used to assess depressive symptoms.25,26 Participants were 
classified according to the GDS score as depressed (5 points or more) or non-depressed (4 points or less). Nutritional 
status was assessed by Mini nutritional assessment-short form (MNA-SF).27,28

Statistical Analyses
The participants’ characteristics assigned to the three groups regarding changes in frailty status were compared using the 
Kruskal–Wallis or chi-square test according to the type of variable. We also performed a pairwise comparison between 
two groups using the Steel-Dwass test as a post-hoc test. Multivariable logistic regression models (generalized linear 
models) were used to examine the associations between changes in the frailty status and TUG. This was a subgroup 
analysis stratified according to changes in the frailty status (favorable change, stable as prefrail, and unfavorable change). 
We adjusted for age and sex in model 1. In model 2, the frailty status, body mass index (BMI), numbers of comorbidities, 
MMSE score, and depression were added to model 1. The variables included both significant and non-significant ones in 
the regression model. Variables were selected based on their estimated association with changes in the frailty status and 
logical necessity for adjustment.

The predictive ability of the TUG test in identifying unfavorable changes in frailty status was determined using 
receiver operating characteristic (ROC) curves and area under the curve (AUC) analyses.29 The optimal cut-off points for 
TUG time to correctly distinguish those with unfavorable changes in frailty status from those without were calculated 
using ROC curve analysis. The time with the highest Youden’s index (sensitivity + specificity - 1) was determined to be 
the optimal cut-off point.

The data were analyzed using JMP version 15 (SAS Institute Japan Inc., Tokyo, Japan). Statistical significance was 
set at P < 0.05.

Results
Basic Characteristics of the Subgroups Divided by the Change in the Number of J-CHS 
Components
A total of 834 individuals participated in the first survey. Among them, 551 participated in the second survey. Six 
participants were excluded due to missing data. The mean age of 545 participants was 72 years. Of them, 357 were 
female (65.5%) and 188 were men (34.5%). Changes in the number of J-CHS components during the follow-up period 
are shown in Table 1. In the second survey 2 years later, 265 individuals exhibited a change in the number of J-CHS 
components, and 280 did not show any changes.

Based on the change in the number of J-CHS components during the follow-up period, we divided the participants 
into three groups: the favorable change group (FCG), the unchanged as prefrail group (UPG), and the unfavorable change 
group (UCG) (Table 1).

When individuals showed an increase in the number of J-CHS components, they were assigned to the unfavorable 
change group. When individuals showed a decrease in the number of J-CHS components, they were assigned to the 
favorable change group. Among the 280 individuals without any changes in the number of J-CHS components, we 
assigned the robust individuals (0 positive component) to the FCG because their frailty status remained favorable. 
Among individuals without any changes in the number of J-CHS components, we assigned individuals with three 
positive J-CHS components to the UCG because their frailty status remained unfavorable.
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Finally, the FCG, UPG, and UCG contained 315 (57.8%), 105 (19.2%), and 125 (22.9%) individuals, respectively 
(Table 2).

Age was higher in the UCG than in the other groups. BMI was the highest in the UPG among the three groups. 
Significant differences were observed in the prevalence of diabetes and cardiovascular disease (CVD) among the three 
groups. There was a significant difference in the ratio of individuals with GDS scores of more than 5 points and that of 
individuals with exercise habits among the three subgroups. In the UCG, gait speed was slower than the FCG, and grip 
strength in females was lower than the FCG. The TUG time was longer in the UPG and the UCG than in the FCG.

In the FCG, 27.3% of the participants showed improvement in low activity, 15.2% in weight loss, and 11.4% in 
exhaustion. In the UCG, 36.0% newly complained of exhaustion, 33.6% experienced weight loss, and 25.6% experienced 
weakness. Unchanged individuals as prefrail had a combination of worsening and improved cases (Table 2).

Logistic Regression Analysis Regarding Factors Contributing to Changes in the Frailty 
Status
Multivariable logistic regression analysis showed that the TUG time was significantly associated with changes in frailty 
status (Table 3).

TUG was associated with the favorable change in model 1 (odds ratio [OR] 0.79, 95% confidence interval [CI] 0.68– 
0.91, P = 0.001). In model 2, TUG (OR 0.79, 95% CI 0.68–0.92, P = 0.001) and low GDS score (OR 0.54, 95% CI 0.31– 
0.93, P = 0.025) were associated with the favorable change. Slower TUG time (OR 1.16, 95% CI 1.01–1.33, P = 0.042 
and OR 1.27, 95% CI 1.09–1.49, P = 0.002), and older age (OR 1.05, 95% CI 1.01–1.09, P = 0.013 and OR 1.05, 95% CI 
1.01–1.09, P = 0.022) were associated with the unfavorable change in both models 1 and 2. Fewer positive J-CHS 
components (OR 0.49, 95% CI 0.36–0.66, P < 0.001) were associated with the unfavorable change in model 2.

Predictive Ability of the TUG
The ROC curve of TUG time as a predictor of unfavorable change showed that the AUC was 0.59 in this study 
(Figure 1). The highest Youden’s index was 0.16, with a cut-off point of 6.3 s. With this cut-off point, the TUG time had 
49.6% sensitivity and 66.0% specificity. Thus, the TUG time indicates the limited predictive ability for unfavorable 
change.

Discussion
In the present study, we demonstrated several novels and interesting findings regarding the usefulness of the TUG test in 
community-dwelling older adults. First, the TUG time was significantly associated with future changes in frailty status 
among older residents of a Japanese rural area. After adjusting for confounding factors, the TUG time at baseline was 

Table 1 Changes in the Frailty Status Based on Changes in the Number of J-CHS Components

Number of positive J-CHS 

components

At the first survey 0 (n=247) 1 (n=202)

At the second 

survey

0 1 2 3 0 1 2 3 4

(n) (169) (65) (10) (3) (78) (89) (27) (7) (1)

Subgroups based on changes in the frailty status FCG UCG UCG UCG FCG UPG UCG UCG UCG

Number of positive J-CHS 

components

At the first survey 2 (n=77) 3 (n=16) 4 (n=3)

At the second 

survey

0 1 2 3 5 0 1 2 3 1 2

(n) (20) (35) (16) (5) (1) (4) (2) (4) (6) (2) (1)

Subgroups based on changes in the frailty status FCG FCG UPG UCG UCG FCG FCG FCG UCG FCG FCG

Abbreviations: J-CHS, Japanese version of Cardiovascular Health Study; FCG, favorable change group; UPG, unchanged as prefrail group; UCG, unfavorable change group.
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associated with either favorable or unfavorable changes in frailty status two years later. Previous studies demonstrated 
that TUG time was associated with hospitalization and mortality within 1 year,13 and an episode of falls within 6 
months.10 However, the association between the TUG test results and changes in future frailty status has not been 
reported in a longitudinal cohort study, which is highlighted in the present study. Frailty is considered the pre-stage of 
disability and deemed to be reversible. Predicting the progression or improvement of the frailty status in the future is 
highly significant because it enables early intervention for high-risk individuals. Frailty is a multi-component, dynamic 

Table 2 Baseline Characteristics of the Study Participants

Total n=545 FCG n=315 UPG n=105 UCG n=125 P-value

Age, y 72 (68–76) 71 (68~75) 72 (67~77) 74 (71~78)a,b <0.001
Female 357 (65.5) 210 (66.7) 66 (62.9) 81 (64.8) 0.764

BMI, kg/m2 22.7±2.9 22.5±2.8 23.1±2.8 22.9±3.2 0.049

SBP, mmHg 138±17 138±18 140±17 136±16 0.169
DBP, mmHg 80±10 80±10 81±10 79±11 0.128

Comorbidities

Number, median 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2) 0.137
Hypertension 241 (44) 136 (43) 56 (53) 49 (39) 0.085

Diabetes mellitus 60 (11) 26 (8) 12 (11) 22 (18) 0.032
Dyslipidemia 125 (23) 74 (23) 25 (24) 26 (21) 0.440

CKD 21 (4) 10 (3) 6 (6) 5 (4) 0.527

CVD 41 (8) 15 (5) 11 (10) 15 (12) 0.017
Stroke 7 (1) 3 (1) 2 (2) 2 (2) 0.716

RA and collagen disease 6 (1) 4 (1) 0 (0) 2 (2) 0.265

History of cancer 44 (8) 28 (9) 8 (8) 8 (6) 0.667
MMSE 29 (27–30) 29 (27–30) 29 (27–30) 29 (27–30) 0.536

GDS-15 (%)* 12 9 18 15 0.033

Exercise habit 356 (65) 214 (68) 41 (39) 101 (81) <0.001
Smoking habit 0.927

Never 392 (72) 226 (72) 78 (74) 88 (70)

Past 133 (24) 78 (25) 24 (23) 31 (25)
Current 20 (4) 11 (3) 3 (3) 6 (5)

Alcohol consumption 0.675

0 g/day 289 (53) 159 (50) 58 (55) 72 (58)

≦ 20 g/day 172 (32) 104 (33) 33 (31) 35 (28)

> 20 g/day 84 (15) 52 (17) 14 (13) 18 (14)

MNA-SF 14 (12~14) 14 (12~14) 14 (12~14) 14 (13~14) 0.925
Gait speed, m/s 1.5±0.2 1.5±0.2 1.5±0.2 1.5±0.3a 0.016

Handgrip strength

Total, kg 28.3±10.6 29.1±12.4 28.0±7.9 26.5±7.3a 0.009
Male, kg 35.6±6.4 36.5±6.2 35.3±6.7 34.0±6.2 0.056

Female, kg 23.9±4.1 24.6±3.9 23.7±4.6 22.4±3.8a <0.001

TUG time, sec 6.2±1.5 5.9±1.2 6.4±1.7a 6.6±1.7a <0.001
Components of J-CHS frailty criteria

Weight loss 59/54 48/1 8/11 3/42 <0.001

Weakness 9/46 9/1 0/13 0/32 <0.001
Exhaustion 44/60 36/1 6/14 2/45 <0.001

Slowness 8/17 5/0 3/3 0/14 <0.001

Low activity 123/31 86/0 29/5 8/26 <0.001

Notes: Date represent mean ± SD or median (IQR) or n (%) or improved/worsened. *Percentage of individuals showing ≧ 5 points. aP<0.05 
compared with the favorable change group. bP<0.05 compared with the unchanged as prefrail group. 
Abbreviations: FCG, favorable change group; UPG, unchanged as prefrail group; UCG, unfavorable change group; IQR, interquartile range; BMI, body 
mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; CKD, chronic kidney disease; CVD, cardiovascular disease; RA, rheumatoid 
arthritis; MMSE, Mini-mental state examination; GDS, Geriatric depression scale; MNA-SF, Mini nutritional assessment-short form; TUG, timed up-and- 
go test; SD, standard deviation.
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process, and the scale used provides a single perspective. This limitation could be overcome by using clinical frailty 
scales or frailty indices that provide cumulative information. Frailty scales consisting of multiple items have superior 
predictive ability for adverse events in the future compared to TUG alone.30,31 However, measuring multiple-item scales 
in clinical settings is difficult; therefore, the advantage of TUG lies in its simplicity and ease of measurement.

In this study, we determined the cut-off TUG time for predicting unfavorable changes in frailty status using the ROC 
curve. The cut-off level of conventional TUG time is 12 or 15 s for assessing the risk of falls9,10,32 and 9 s for predicting 
future events composed of falls, hospitalization, and death.13 The TUG time was significantly faster in the present study 
than in previous studies.9,10,13,32 Both the sample population and methodological issues may be attributed to this result. 

Table 3 Logistic Regression Analysis Regarding Factors Contributing to Changes in the 
Frailty Status

(1) Factors contributing the favorable change group (FCG) in the frailty status

FCG vs the Others

Model 1 (n=545) Model 2 (n=542d)

OR (95% CI) P-value OR (95% CI) P-value

TUG 0.79 (0.68–0.91) 0.001 0.79 (0.67–0.92) 0.001

Age 0.98 (0.95–1.01) 0.219 0.98 (0.95–1.01) 0.233
Sexa 0.88 (0.60–1.27) 0.488 0.89 (0.61–1.32) 0.571

Frailty statusb 1.03 (0.83–1.28) 0.793

BMI 0.97 (0.91–1.02) 0.278
Number of comorbidities 0.86 (0.73–1.02) 0.089

MMSE score 0.98 (0.89–1.08) 0.727
Depressionc 0.54 (0.31–0.93) 0.025

(2) Association between TUG and the unchanged as prefrail group (UPG) in the frailty status

UPG vs the Others

Crude Model (n=545)

OR (95% CI) P-value

TUG 1.11 (0.97–1.27) 0.141

(3) Factors contributing the unfavorable change group (UCG) in the frailty status

UCG vs the Others

Model 1 (n=545) Model 2 (n=542d)

OR (95% CI) P-value OR (95% CI) P-value

TUG 1.16 (1.01–1.33) 0.042 1.27 (1.09–1.49) 0.002

Age 1.05 (1.01–1.09) 0.013 1.05 (1.01–1.09) 0.022
Sexa 0.97 (0.63–1.50) 0.909 0.95 (0.60–1.50) 0.812

Frailty statusb 0.49 (0.36–0.66) <0.001

BMI 1.03 (0.95–1.10) 0.513
Number of comorbidities 1.14 (0.94–1.39) 0.194

MMSE score 1.04 (0.93–1.17) 0.487

Depressionc 1.80 (0.97–3.34) 0.068

Notes: (1) Dependent variable is favorable change group or the other groups. (2) Dependent variable is 
unchanged as prefrail group or the other groups. (3) Dependent variable is unfavorable change group or the 
other groups. Model 1: adjusted for age and sex. Model 2: adjusted for model 1+ frailty status, BMI, number of 
comorbidities, MMSE score, and depression. aMale vs female, bThe number of J-CHS components in the first 
survey, cGDS score ≧ 5 points vs 0–4 points, dExclude cases with missing covariates data (BMI and MMSE). 
Abbreviations: OD, odds ratio; CI, confidence interval.
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Regarding the sample population, the study participants were residents from a local area who could arrive at the survey 
venue by themselves, and they can be considered relatively healthy individuals in terms of physical ability. As for the 
methodological issues related to TUG measurement, instructing the participants to “walk as fast as possible” instead of 
“walk at a comfortable pace” may have contributed to the faster TUG times in the present study. Other studies in which 
the TUG test was conducted with instructions to “walk as fast as possible” in community-dwelling older adults have been 
reported.33,34 The mean TUG time was 6 s in the 60s age group and 7 s in the 70s age group when similar instructions 
were provided during the TUG test.33 These values are similar to those obtained in the present study. A previous study 
reported that the TUG possesses high reliability to perform as quickly as possible while evaluating physical functions of 
older adults in rural areas.34 These instructions should be differentiated based on the characteristics of the participants. 
Particularly, using the former instructions for patients with disabilities or residual symptoms after cerebrovascular 
disorders and the latter instructions for relatively healthy older adults would be a viable approach. Thus, the instructions 
in this study are appropriate for assessing the frailty status in the future.

Furthermore, the Japanese population may have a different walking speed. The previous studies involving commu-
nity-dwelling Japanese older adults demonstrated that the usual walking speed ranged from 1.2 to 1.4 m/s.35,36 

Additionally, a meta-analysis suggested that Japanese older adults have a faster usual walking speed during the 
5-m walking test compared to non-Asian older adults.37 Another meta-analysis suggested that the TUG time in 
Japanese healthy older adults was faster than in African Americans and Caucasians.38 These differences may be 
attributed to societal environmental factors, such as greater use of public transportation in Japan and lifestyle habits 
that are globally recognized as higher levels of physical activity in the Japanese population.

The TUG test is an assessment tool for physical function in older adults and includes complex elements. Thus, we 
speculate that this complexity is responsible for predicting future changes in the frailty status of older adults. According 
to a report that evaluated the complex elements of TUG using a three-dimensional movement analysis system, much 
more time was spent on sitting movement (back-to-sit transfer) than on rising movement (sit-to-stand transfer) and the 
forward bending angle of the trunk at the time of rising and sitting became smaller in frail individuals than in non-frail 
individuals.39 The former is explained by the fact that it is more difficult for older adults to maintain balance while sitting 
because visual information is lacking, and gravity increases during sitting but not during the rising movement. The latter 
was examined because motor prediction is impaired in older adults. It is thought that TUG test can assess the ability to 
not only walk but also balance at the time of rising and sitting, and executive brain functions in this way. Because frailty 

Figure 1 Receiver operating characteristic curve of TUG test time as a predictor of unfavorable change. Area under the curve=0.59.
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is composed of multifactorial components closely associated with a decline in physical and psycho-neurological 
functions, the TUG test can likely predict changes in frailty status in the near future. We concluded that TUG is easily 
available for group medical check-ups, and useful for screening high-risk groups, whereby the frailty status is more likely 
to advance in the future. Recent studies demonstrated significant correlations between TUG subtasks and contractile 
muscle properties evaluated by tensiomyography.40,41 Therefore, TUG subtask measurements may be more useful for the 
prediction of changes in the frailty status.

Unfortunately, the AUC was 0.59, and the predictive ability of the TUG test for unfavorable changes in future frailty 
status was not high. In the unfavorable change group, there were more individuals with worsening fatigue and weight 
loss than those with decreased physical function. Therefore, psychological factors contributed, at least in part, to the 
worsening frailty status of the participants in this study. Although the TUG test is a prominent system that can evaluate 
overall physical function in older adults, it is reasonable to assume that there is a limitation in predicting future changes 
in frailty status using the TUG alone. Therefore, we conclude that the combination of the TUG test with other indexes 
enables easier prediction of future frailty status in older adults.

This study has some limitations. First, a participation selection bias might exist because only older adults who had 
voluntarily participated in the medical check-up were enrolled. We recruited community-dwelling older adults to 
participate using a community advertisement in a local newspaper, placing posters at the Sasayama Medical Center 
and oral announcements by medical staff in the city. This may have resulted in a bias, as the recruited participants were 
relatively healthy and had a low proportion of frailty. Second, the follow-up rate was not high (66%). Our study included 
individuals who could come to the establishment where the survey was conducted using any type of transportation. 
Therefore, many participants failed to complete the follow-up survey because public transportation is limited in the 
Tamba-Sasayama area. In particular, individuals who experienced a decline in physical function may have dropped out of 
the follow-up survey. Therefore, it is necessary to carefully interpret the analysis results regarding factors contributing to 
unfavorable changes in the frailty status. Third, the presence of diabetes mellitus may have a potential association with 
predicting future changes in the frailty status in older adults because diabetes mellitus is strongly associated with the 
existence of frailty.42 The proportion of diabetes mellitus was significantly higher in the UCG (Table 2). However, we 
measured blood glucose levels without dietary restrictions, and the presence of diabetes mellitus was determined based 
on self-reporting. The potential association between the presence of diabetes mellitus and predicting future changes in the 
frailty status is an important topic for future research.

While the potential of the TUG test has been established in the present study, its predictive ability for future changes 
in the frailty status is not high. This is likely because of the complexity of the frailty status and its components, such as 
exhaustion and muscle weakness, which may be challenging to predict with TUG alone. Therefore, investigating whether 
or not combining assessments related to endurance and body composition, for example, could enhance the predictive 
ability for future changes in the frailty status would be valuable. This could be explored through longitudinal studies.

Conclusion
In conclusion, we investigated the relationship between TUG time and frailty in a longitudinal study of community- 
dwelling 545 older adults and found that TUG time was associated with changes in frailty status. However, its predictive 
value as a stand-alone test is limited. The TUG test should be used in combination with other tests to predict changes in 
the frailty status.

Ethical and Consent Statement
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commencement of the study. This study was conducted in accordance with the Declaration of Helsinki, and the 
Institutional Review Board of Hyogo College of Medicine approved the FESTA study, which complied with the current 
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