
Background: We evaluated the validity of the Timed Up and Go test (TUG) to screen for physical 
frailty and low physical performance in a nationwide community-dwelling Korean older popula-
tion. Methods: We used baseline records of 3,010 ambulatory participants with TUG data from 
the Korean Frailty Aging Cohort Study from 2016 to 2017. The population-specific distribution of 
TUG was assessed. Physical frailty was defined as ≥3 positive items in the 5-item Cardiovascular 
Health Study (CHS) frailty scale, and low physical performance was assessed as Short Physical 
Performance Battery (SPPB) scores ≤9 (ranging from 0 to 12). Results: In men (n=1,429) and 
women (n=1,581), the mean TUG times were 10.3±2.7 seconds and 10.2±3.0 seconds, respective-
ly. The cut-off TUG times for the worst quintile were 11.8 seconds in men and 12.5 seconds in 
women. The TUG time was correlated with both the CHS frailty scale score (standardized beta 
[B]=0.36, p<0.001) and SPPB total score (B=-0.22, p<0.001) in the linear regression analysis ad-
justed for age and sex. In the receiver operating characteristic analysis, the performance of TUG 
in identifying physical frailty, calculated as the area under the curve (AUC), was 0.87, while the 
AUC of TUG in identifying low physical performance according to SPPB was 0.86. Conclusion: In 
the Korean older population, TUG can be a simple measure to identify physical frailty and low 
physical performance so as to identify populations that may benefit from in-depth geriatric as-
sessments. 
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INTRODUCTION 

Frailty, a state of increased vulnerability to possible stressors with 
decreased physiological reserve, is a common geriatric problem 
and is associated with adverse health outcomes in older adults.1,2) 
To define and assess frailty, various concepts and tools have been 
developed and validated across populations.2,3) Among these con-
cepts and tools, the frailty phenotype to capture physical changes 
associated with human aging is a widely accepted way to delineate 

the frailty spectrum.4) Specifically, the frailty phenotype criteria of 
the Cardiovascular Health Study (CHS) and the Short Physical 
Performance Battery (SPPB) are commonly used in studies to 
identify people with frailty.4,5) 

The Timed Up and Go test (TUG), which measures the time 
needed to get up from a chair, walk 3 m, and then return and sit 
back on a chair, is widely used as a simple screening tool to assess 
physical frailty in older adults.6,7) Previous studies have demon-
strated the utility of TUG in identifying the frailty phenotype in 
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western populations.8,9) Since the test includes fragments of move-
ments included in SPPB, such as chair rise and walking, TUG can 
also be used as a quick measure of physical performance. Expect-
ably, reports have shown the outcome relevance of TUG, including 
its association with the future incidence of functional decline, frac-
ture, heart diseases, and Parkinsonism.7,10-13) 

However, the relationship between TUG time and physical frail-
ty or physical performance has been less studied in the Korean 
population. Therefore, we evaluated the associations between 
these measures and assessed the validity of TUG as a screening 
tool for frailty phenotype defined by the CHS criteria and low 
physical performance determined by SPPB in a nationwide com-
munity-dwelling Korean older population. 

MATERIALS AND METHODS 

Study Population and Protocol 
This study used baseline records of 3,010 ambulatory participants 
who were aged 70–84 years, had geriatric assessments and TUG 
data that were assessed from 2016 to 2017 in the Korean Frailty 
Aging Cohort Study (KFACS), a nationwide multicenter longitu-
dinal study conducted in 10 urban, rural, and suburban communi-
ties across Korea. Detailed descriptions of the KFACS design and 
measures are published elsewhere.14) Briefly, the participants were 
recruited based on age- and sex-specific strata, and residents with 
no plans to move out during the following 2 years and with no dif-
ficulties in conversing were eligible to participate in this study. Peo-
ple with uncontrolled hypertension ( > 180/100 mmHg), cerebro-
vascular accident or myocardial infarction within the past 6 
months, or active malignancy currently under treatment were ex-
cluded. The study protocol was reviewed and approved by the In-
stitutional Review Board of Kyung Hee University Hospital (No. 
2020-09-049) and complied with the ethical rules for human ex-
perimentation described in the Declaration of Helsinki. Informed 
consent was obtained from all participants or their proxy. 

Physical Performance Assessments 
For TUG, time was measured as the time required for the partici-
pants to rise from a straight-backed chair at once, walk at a com-
fortable pace for 3 m, turn around and walk back to the chair, and 
sit down.6) The participants were instructed to start the TUG ma-
neuver immediately after hearing the “Start” command. The par-
ticipants were allowed to use walking aids (e.g., cane or walker) 
during TUG. The usual gait speed over a distance of 4 m was mea-
sured using an automatic gait speed meter (Gaitspeedometer, 
Dyphi, Daejeon, Korea), with acceleration and deceleration phases 
of 1.5 m each.15) The participants were asked to perform TUG by 

walking at their usual pace. The participants performed the test 
two times, and the results were averaged. The five-time-sit-to-
stand test measured the time required to stand five times from a 
sitting position from a straight-backed chair as quickly as possible 
without using the arms. We also used SPPB, which included three 
components—standing balance, walking speed, and chair rise 
test—to assess physical performance according to recommenda-
tions from previous studies.15) Each item of SPPB was scored based 
on a 0 to 4 point scale, with the total score ranging from 0 (worst) 
to 12 (best) points. According to literature, low physical perfor-
mance was defined as an SPPB total score ≤ 9.16) SPPB parameters 
were available for 1,429 men and 1,581 women. 

CHS Frailty Phenotype Scale 
To assess physical frailty, we used the CHS scale, which comprises 
five components, namely unintended weight loss, poor grip 
strength, exhaustion, reduced walking speed, and low physical ac-
tivity level.4) We defined unintended weight loss as ≥ 4.5 kg in the 
previous year. Poor grip strength was defined as the lower 20th 
percentile of grip strength (maximal grip strength in kg after mea-
suring twice for each hand using a hand grip dynamometer 
[T.K.K.5401; Takei Scientific Instruments Co., Tokyo, Japan]), 
stratified by sex and body mass index (BMI) quartiles based on the 
KFACS baseline survey.17) 

To quantify exhaustion, we used the following statements from 
the Center for Epidemiological Studies-Depression (CES-D) scale 
for 3 or more days in a week: “I felt that everything I did was an ef-
fort” or “I could not get going”.18) For slowness, we used the lowest 
20% of a 4-m gait speed stratified by sex and height based on 
KFACS data.17) Low physical activity level was defined as an ener-
gy expenditure level 494.6 kcal per week for men and below 283.5 
kcal per week for women according to the International Physical 
Activity Questionnaire. These values corresponded to the lowest 
20% of the sex-specific total energy consumed according to a gen-
eral population-based survey of older adults.17) Participants posi-
tive for three or more of these items were classified as frail; those 
positive for 1–2 items were classified as prefrail, and those with no 
positive items for any of the criteria were classified as robust. The 
CHS frailty parameters were available for 1,382 men and 1,523 
women. 

Other Measurements 
Information on participant age, marital status, education level, 
drinking status, smoking status, comorbidities, and functional ca-
pacities was collected during face-to-face interviews. Alcohol con-
sumption was defined as three or more alcoholic drinks per week, 
while smoking was defined as a lifetime consumption of 100 or 
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more cigarettes. To assess functional capacities, Korean Mini-Men-
tal State Examination,19) Geriatric Depression Scale Short Form,20) 
and minimal nutritional assessment questionnaires21) were used. 
BMI was calculated as weight divided by the square of the height 
(kg/m2). 

Statistical Analysis 
Continuous variables are shown as mean ± standard deviation, 
while categorical variables are described as number and percent-
age. T-tests were used for continuous variables and χ2 tests for cate-
gorical variables. Skewness was calculated, and histograms were 
used to display the distribution of TUG time in men and women. 
The commonly used percentile values for epidemiological studies 
were also calculated. We used linear regression analysis to assess 
the correlations between TUG time, total number of positive 
items according to the CHS criteria, and SPPB total score. Linear 
regression analyses were also used to assess the correlations be-
tween TUG time, item specific and total CHS frailty scale and 
SPPB scores. Receiver operating characteristic (ROC) analyses 
were performed to evaluate the classification performance of TUG 
for frailty assessment using the CHS criteria and low physical per-
formance; the sensitivities and specificities for various TUG times 
( ≥ 8 to ≥ 16 seconds) to classify frailty and low physical perfor-
mance were also calculated. Statistical analyses were performed us-
ing Stata 15.0 (Stata Corp, College Station, TX, USA), with statis-
tical significance set at a two-sided p-value < 0.05.  

RESULTS

General Characteristics and Distributions of TUG Time 
The mean age of the 3,010 participants was 76.5 ± 3.9 years, and 
1,429 (47.5%) participants were men. The baseline demographic, 
anthropometric, and functional characteristics are shown in Table 1. 
The mean TUG times were 10.3 ± 2.7 seconds in men and 
10.8 ± 3.0 seconds in women. The TUG time was significantly 
higher in women than in men (p < 0.001). The histogram in Fig. 1 
displays the distribution of TUG times in men and women, with 
commonly used percentile cut-offs of TUG time in the study pop-
ulation. Specifically, the TUG cut-off times for the worst quintile 
was 11.8 seconds in men and 12.5 seconds in women. Assessment 
showed that TUG was right skewed in both men and women 
(p < 0.001). 

Correlations between TUG Time and Physical Performance 
and Frailty Status 
TUG time was positively associated with age (standardized beta 
[B] = 0.38, p < 0.001) and CHS frailty scale score (B = 0.24, 
p < 0.001) and negatively associated with SPPB total score (B = -
0.36, p < 0.001) in the linear regression analysis (Supplementary 
Fig. S1). The correlation between TUG time and CHS frailty scale 
score remained significant (B = 0.22, p < 0.001) after adjusting for 
age and sex. Similarly, the correlation between TUG time and 
SPPB total score remained significant (B = -0.33, p < 0.001) in the 

Table 1. General characteristics of the study population

Total (n = 3,010) Men (n = 1,429) Women (n = 1,581) p-value
Age (y) 76.5 ± 3.9 76.8 ± 3.9 76.2 ± 3.9 < 0.001
Education (y) 8.7 ± 6.3 10.6 ± 5.7 6.7 ± 6.2 < 0.001
Nutritional status, MNA score 12.8 ± 1.5 12.9 ± 1.5 12.8 ± 1.5 0.221
Cognitive function, MMSE score 25.5 ± 3.4 26.1 ± 3.0 24.9 ± 3.5 < 0.001
Depressive status, GDS score 3.3 ± 3.7 2.5 ± 3.2 4.0 ± 4.0 < 0.001
Body mass index (kg/m2) 24.4 ± 3.0 23.9 ± 2.9 24.9 ± 3.1 < 0.001
Gait speed (m/s) 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.2 < 0.001
Grip strength (kg) 26.2 ± 7.6 32.1 ± 6.0 20.9 ± 4.2 < 0.001
Timed Up and Go test (s) 10.6 ± 2.9 10.3 ± 2.7 10.8 ± 3.0 < 0.001
SPPB total score 10.8 ± 1.6 11.1 ± 1.3 10.5 ± 1.7 < 0.001
Low SPPB (total score ≤ 9) 549 (18.2) 175 (12.3) 374 (23.7) < 0.001
CHS frailty criteria scorea) 1.1 ± 1.8 1.1 ± 1.8 1.2 ± 1.8 0.070
  Robust 1,325 (45.6) 696 (50.4) 629 (41.3)
  Prefrail 1,362 (46.9) 591 (42.8) 771 (50.6)
  Frail 218 (7.5) 95 (6.9) 123 (8.1)

Values are presented as mean±standard deviation or number (%).
CHS, Cardiovascular Health Study; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Examination; MNA, Mini Nutritional Assessment Short 
Form; SPPB, Short Physical Performance Battery.
a)Analysis of CHS frailty scale in 1,382 men and 1,523 women.
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multivariate linear regression analysis that included age and sex. 
Fig. 2 shows the corresponding TUG time distribution according 
to the CHS frailty scale score and SPPB total score. To assess con-
tent validity, correlations between TUG time and component-spe-
cific and total scores of the CHS frailty scale and SPPB were calcu-
lated using linear regression analysis, as shown in Table 2. 

Criterion Validity of TUG in Detecting Low Physical Performance 
and Frailty 
In the ROC analysis, the performance of TUG in identifying phys-
ical frailty, calculated as the area under the curve (AUC), was 0.87, 
while the AUC of TUG in identifying low physical performance 

according to SPPB was 0.86 (Fig. 3). 
The calculated sensitivities and specificities of TUG time to 

classify physical frailty and low physical performance in men and 
women are displayed in Table 3. Based on the worst quintile TUG 
time cut-off of ≥ 11.8 seconds for men and ≥ 12.5 seconds for 
women, the sensitivity and specificity were 74.74% and 83.92%, 
respectively, in men and 65.04% and 85.07%, respectively, in wom-
en for frailty and 68.57% and 86.04%, respectively, in men and 
55.08% and 90.56%, respectively, in women for low physical per-
formance. 
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Fig. 1. Distribution of Timed Up and Go test (TUG) time in men (A) and women (B).
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DISCUSSION 
In this study that used a nationwide population-based sample of 
Korean older adults, we found that TUG time correlated with 
component-specific and total scores of two widely accepted mea-
sures for physical frailty and physical performance. Our analysis re-
vealed the criterion validity of TUG as a screening tool to classify 
physical frailty and low physical performance. In this study, the 
prevalence of low SPPB in men and women were 12.3% and 
23.7%, respectively, while the prevalence of CHS frailty were 6.9% 
and 8.1%, respectively. In contrast, the prevalence of CHS frailty 
among men and women were 10.8% and 22.4%, respectively, in 
the Aging Study of PyeongChang Rural Area (ASPRA) study and 
3.5% and 16.5%, respectively, in the Korean Longitudinal Study on 
Health and Aging (KLoSHA) study.22) However, the previous 

studies had limitations because they were conducted only in limit-
ed rural or urban areas.22) With KFACS as the first Korean multi-
center prospective cohort on frailty, the significance of the present 
study is that it uses the nationwide distributions of frailty and low 
SPPB to produce corresponding TUG cut points.17) 

Although many validated screening questionnaires exist for frail-
ty,23-25) subjective factors such as examiners’ skill or perception and 
patients’ prejudice regarding their health status may influence the 
results of these tools as these are measured using self-reported 
questionnaires. Alternatively, more objective and multifaceted as-
sessments using the components of comprehensive geriatric as-
sessment (CGA), which is considered to be the criterion standard 
for evaluating frailty, sometimes require more than 30 minutes to 
complete.26,27) Moreover, these in-depth methods have limitations 
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Table 2. Correlations between TUG times with component-specific CHS frailty criteria and SPPB total scores

Men (n = 1,429)a) Women (n = 1,581)a)

B p-value B p-value
CHS total score 0.327 < 0.001 0.436 < 0.001
  Unintended weight loss 0.038 0.150 0.184 < 0.001
  Poor grip strength 0.288 < 0.001 0.310 < 0.001
  Exhaustion 0.131 < 0.001 0.232 < 0.001
  Slow walking speed 0.470 < 0.001 0.533 < 0.001
  Low physical activity 0.129 < 0.001 0.163 < 0.001
SPPB total score -0.643 < 0.001 -0.678 < 0.001
  SPPB balance score -0.403 < 0.001 -0.362 < 0.001
  SPPB walking speed score -0.580 < 0.001 -0.647 < 0.001
  SPPB chair rise test score -0.443 < 0.001 -0.502 < 0.001

B, standardized regression coefficient; TUG, Timed Up and Go test; CHS, Cardiovascular Health Study; SPPB, Short Physical Performance Battery.
a)Analysis of CHS frailty score in 1,382 men and 1,523 women.
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Fig. 3. Receiver operating characteristic (ROC) graphs of Timed Up and Go test time to classify frailty by the Cardiovascular Health Study 
criteria (A) and low physical performance by Short Physical Performance Battery (B).
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that require dedicated personnel and space, precluding their wide-
spread adoption in clinical practices. 

The results showing the correlations between TUG time and 
components of CHS frailty criteria and SPPB were expected be-
cause TUG comprises elements of walking, chair rising, and sit-
ting. Consequently, in correlation analyses, the coefficients were 
the highest for TUG time with the chair rise test of the SPPB and 
the walking speed item in the CHS frailty criteria. However, TUG 
time was also correlated with self-reported items such as exhaus-
tion and low physical activity, suggesting that TUG reflects multi-
ple facets of human health. Based on this observation, TUG, which 
can be performed quickly in spaces as small as 3-m long, might be 
both a suitable and feasible tool as an objective functional measure 
with minimal requirements for resources compared with 4-m or 
longer space required for gait speed measurement. 

Using TUG as a primary screening tool for mobility and frailty 
has been advocated by societies and backed by clinical experiences 
and scientific evidence.9) For example, the clinical practice guide-
lines of the American Geriatrics Society/British Geriatrics Society 
recommend using TUG as a primary physical functional assess-
ment measure for fall risk.28) In addition to the present study show-
ing the construct validity and criterion validity of TUG for frailty 
and low physical performance, previous studies support the out-
come validity of TUG in the Korean population for varying condi-
tions associated with aging7,10-13) in the Korean National Health In-
surance Service–National Health Screening Cohort database, sug-
gesting TUG as a valid screening tool in the Korean population. 

Meanwhile, the cut-off value of TUG time has not yet been 
clearly defined, and TUG results depend on specific protocols 
(gait speed with usual or maximal effort) and various demographic 
backgrounds. In previous studies, ≥ 10 seconds was mainly used as 
the cut-off value for TUG for fall risk and frailty.6,11-13) When the 

Table 3. Sensitivity and specificity of TUG times to classify frailty according to the CHS criteria and low physical performance by SPPB

TUG time (s)
Frailty according to CHS phenotype Low physical performance according to SPPB

Men (n = 1,382) Women (n = 1,523) Men (n = 1,429) Women (n = 1,581)
Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

≥ 8 98.95 13.91 98.37 11.57 99.43 14.51 100.00 13.59
≥ 9 97.89 35.98 98.37 27.50 97.71 37.32 95.99 31.07
≥ 10 94.74 57.42 94.31 50.50 92.57 59.49 89.04 56.42
≥ 11 89.47 75.14 89.43 67.07 83.43 77.43 79.41 73.82
≥ 12 70.53 86.25 69.92 80.36 63.43 88.20 62.30 86.50
≥ 13 51.58 92.31 61.79 88.64 50.29 94.50 47.59 93.21
≥ 14 32.63 95.57 48.78 93.29 37.14 97.69 36.36 97.10
≥ 15 26.32 97.51 43.90 95.93 26.29 98.80 29.41 98.59
≥ 16 20.00 98.91 34.96 97.64 16.57 99.36 21.39 99.17

TUG, Timed Up and Go test; CHS, Cardiovascular Health Study; SPPB, Short Physical Performance Battery.

Youden index was applied in our data (Table 3), ≥ 11 seconds ap-
peared to be a preferred cut-off value for TUG in screening frailty. 
In contrast, when setting the cut-off time for the frailty index of 
deficit accumulation,29) the worst quintile ( ≥ 11.8 seconds for men 
and ≥ 12.5 seconds for women) might be used in the Korean pop-
ulation. However, since cut-off values can be modified and adapted 
for specific clinical and research environments, we did not provide 
a universal cut-off value in this study. 

Our study had some limitations. As this was a cross-sectional 
analysis of a prospective cohort, it lacked outcome measures to 
provide the clinical outcome relevance of TUG in the study popu-
lation; thus, future research with appropriate outcome data is 
needed. TUG in the KFACS was performed in relatively less con-
strained spaces in most centers, in contrast to many real-world out-
patient clinics with spatially restricted environments, which may 
restrict the generalizability of our findings in real-world settings. In 
addition, according to the study design, the participants had to vis-
it study centers, while people with severe frailty or dysmobility 
may have been less represented in the study population of the 
KFACS. Therefore, the distributions of TUG in this study popula-
tion should be cautiously interpreted for older patients in clinical 
practice. 

Nevertheless, the major strength of this study is that the sample 
size was relatively large and representative of the Korean popula-
tion of community-dwelling ambulatory older adults aged be-
tween 70 and 84 years. Using this representative population, this 
study is, to our knowledge, the first to show the distribution of 
TUG time in the Korean population and the first to identify a cut-
off TUG time as a screening tool for frailty using the original crite-
ria of weakness and slowness of Fried frailty phenotype, which de-
fines weakness as the lowest 20% at baseline adjusted for sex and 
BMI and slowness as the slowest 20% of the population adjusted 
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for sex and standing height in the designated population. 
In conclusion, TUG is a simple and valid screening tool for frail-

ty and low physical performance in community-dwelling older 
adults in Korea.  
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