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Abstract

Background The timed up and go (TUG) test assesses balance and mobility performance.

Aim This study aims to investigate the association between TUG time and mortality in Japanese older persons and to clarify
possible moderation effects on mortality and TUG time.

Methods In all, 874 participants who were > 65 years of age completed the TUG test and had their anthropometric param-
eters and physical functions measured. We investigated the association between all-cause mortality and TUG using a Cox
regression model that included confounders, and explored the time associated with mortality using a restricted cubic spline.
We also performed subgroup analyses to explore whether age, sex, and body mass index (BMI) affected the relationship
between TUG time and mortality.

Results The median age and mean follow-up period were 74 and 8.5 years, respectively. Median TUG time was 7.4 s and the
prevalence of mortality was 25.7%. TUG time in one second was positively associated with an increased risk of total mortal-
ity [hazard ratio (HR): 1.054 (1.016-1.093); P=0.005] in the Cox regression model. The positive association of mortality
and TUG time was present when the TUG was over 10.5 s in the restricted cubic spline curve. Older age (75 years or older)
moderated the relationship between TUG time and mortality [P eraction = 0-096].

Conclusion This study demonstrates that TUG time is associated with all-cause mortality in Japanese older adults.

Keywords Timed up and go - Mobility - Mortality - Older adults - Restricted cubic spline

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s4052
0-021-01787-1.

Introduction

Older adults experience a functional decline in mobility as
they age [1, 2]. Mobility performance measures, such as gait
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speed and timed up and go (TUG) tests, are associated with
frailty, future dependence, and all-cause mortality [3-6].
Slow mobility performance is associated with dementia
and a greater number of falls [7, 8]. Therefore, the evalua-
tion of mobility function in older adults plays a key role in
individual future prognosis.

The TUG test is one of the most widely used tests for
evaluating individual mobility function [9]. This test is easy
to perform and can assess mobility via standing and walking
abilities which are used in daily life. Thus, it is unsurprising
that several research articles have reported that the TUG test
is associated with physical functioning and activities of daily
life (ADL) [10, 11]. Notably, slower TUG time has been
associated with lower physical performance and an increased
risk of mortality in European samples [12, 13]. However,
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little is known regarding the association between TUG time
and mortality risk in Asian samples [14].

The TUG time observed in Asian samples is faster than
that observed in African Americans and Caucasians, and
there is a difference in reference time among different
races in the TUG test itself [15]. Therefore, the association
between TUG time and mortality might be different among
races and should be investigated further. In addition, TUG
time reportedly changes based on differences in age, sex,
and Body Mass Index (BMI) [1, 6, 16, 17]. TUG time was
slower with increased age and for women [1, 6]. Higher BMI
(> 30) was also associated with slower time than normal
BMI (18.5-<30) [1]. These results may suggest a change
in the association between TUG time and mortality under
these specific situations. Thus, the association between TUG
time and mortality may be moderated by differences in age,
sex, and BMI. In examining the possibility of this modera-
tion effect, specific subgroups may be uncovered that require
intervention. Thus, the present study aims to investigate the
association between TUG time and mortality in Japanese
older persons and to clarify possible moderation effects on
mortality and TUG time, specifically age, sex, and BMI.

Materials and methods
Data source

The Ogano study was a prospective observational study that
began in 2004 to investigate the relationship between lon-
gevity and demographic information, social environment,
biomarkers, and physical examinations in Ogano-machi,
Saitama Prefecture, Japan [10, 18-20]. Ogano-machi is a
town comprising approximately 12,000 residents, and the
proportion of persons > 65 years was 33.3% in 2015 [21].
Participants—all of whom were volunteers—were annually
recruited using pamphlets distributed throughout the city.
Participants were evaluated at the Ogano assembly hall using
standardized questionnaires, anthropometric and physical
functioning measurements, and laboratory examinations.

Study population and design

The present study used data from participants who were
recruited between 2004 and 2016. We included participants
who were > 65 years at their first visit and 1067 participants
met this criterion. To investigate the association between
baseline data and mortality, we treated data obtained from
the first visit as participants’ baseline data. However, those
who had mobility limitations, motor dysfunction, mental
disorders, or cognitive impairment as assessed by yes/no
questions in the interview at their first visit were excluded.
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We also excluded cases where survival was not known at
follow-up.

TUG test

For the TUG test, participants were seated on an armless
chair. They then stood up and walked 3 m as fast as pos-
sible. Once they reached a colored corner indicating a 3-m
distance, they turned around, walked back to the chair, and
sat down as fast as possible. The total time to complete the
TUG test was recorded using a digital stopwatch.

Other physical assessments

Hand grip strength (HGS) was measured in a standing posi-
tion using a standard dynamometer in each hand that was
adjusted to fit the participant’s hand size. Knee extension
strength was measured by having participants engage in
two maximum knee extension efforts against a force sensor
placed bilaterally while participants were seated. HGS and
knee extension strength values on the right and left sides
were averaged and expressed as absolute values (kg). Walk-
ing speed was measured by asking participants to walk as
fast as possible over a 10-m course. The time to complete
the walk was measured using a digital stopwatch. One-leg
standing time was measured for both legs with eyes open.
Time taken was recorded using a digital stopwatch and was
stopped if the participant made contact with any part of the
room with any part of their body other than the supporting
foot. The test was repeated for the other leg, and the longer
of the two durations, one on each leg, was used as the one-
leg standing time expressed in seconds. These measurements
were performed only once, unless the participants performed
the test incorrectly.

Outcome and follow-up period

We checked the date of death for each participant in Septem-
ber 2017 to assess all-cause mortality. All-cause mortality
was defined as death from all causes in a population. Partici-
pants’ date of death data were obtained from public officials
from Ogano-machi. For participants who were still living,
the follow-up period was calculated as the time between the
date of the first visit (from 2004 to 2016) and the 2017 fol-
low-up. For deceased participants, the follow-up period was
calculated as the date of the first visit and their date of death.

Standardized questionnaires and anthropometric
measurements

To assure the quality and accuracy of their answers, the
participants were asked interview questions regarding their
past and present medical history, medications, and family
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history by trained interviewers. Height and body weight
were measured while participants were wearing light cloth-
ing and no shoes. BMI was calculated as body weight in
kilograms divided by body height in m?. Waist circumfer-
ence was measured at the smallest girth midway between the
lowest rib and the iliac crest at the end of normal expiration.
Blood pressure was measured twice on the right arm using
a standard mercury sphygmomanometer after a 5-min rest
period in a seated position. The mean of these two measure-
ments was recorded.

Statistical analyses

Statistical analyses were performed using SPSS version 22.0
for Windows (SPSS, Japan INC, Tokyo, Japan). Continuous
variables were reported as medians (25th—75th percentile)
and categorical variables as frequencies and percentages.
A Cox proportional regression analysis was performed to
evaluate the association of TUG time with all-cause mor-
tality. Crude and adjusted models were built to conduct the
survival analysis. An adjusted model was created to adjust
for age, sex, and BMI as potential confounders. Further-
more, we constructed an adjusted model with current smok-
ing status and past medical history. Hazard ratios (HR) and
95% confidence intervals (CI) were calculated for each
model. In addition, we performed a multivariate Cox model
with restricted cubic spline to explore the nonlinear expo-
sure-response relationship between TUG time and all-cause
mortality. The model was adjusted for possible confounders
including age, sex, and BMI. We used median TUG time
(7.4 s) as the reference and five knots placed at the 5th, 25th,
50th, 75th, and 95th percentiles for appropriate analysis. The
analysis was completed using R for Windows (version 4.0.2).

To explore possible moderating variables, we cre-
ated participant subgroups, such as men and women who
were <75 and > 75 years of age and those with a BMI of <25
and >25. We divided age into two groups—specifically <75
and > 75 years—because research indicates that TUG time is
different among this age group and between men and women
[6, 22]. In addition, research indicates that BMI is positively
associated with functional limitations, and physical charac-
teristics are different among BMI strata in Japanese persons
[17]. Therefore, our participants were grouped into differ-
ent BMI categories with Japanese criteria [16]; specifically,
we divided BMI into two groups: obesity (BMI >25) and
non-obesity (BMI <25). To determine whether the relation-
ship between TUG time and mortality differed between sub-
groups, we included a statistical interaction term in our Cox
proportional hazard model. Given the known limitations in
statistical power when examining interactions, the thresh-
old for statistical significance for an interaction was <0.10
[23]. We also performed a Cox model with restricted cubic
spline if there is a significant difference in the subgroups. All

tests were two-tailed, and P values of <0.05 were considered
statistically significant.

Results
Baseline characteristics of the participants

The total number of participants between 2004 and 2016
was 1067, and 194 participants were excluded because they
were under 65 years of age and survival was unknown.
Thus, the present study comprised a total of 874 partici-
pants (Supplementary Fig. 1). Median age and the mean
follow-up period were 74 and 8.5 years, respectively. Table 1
shows the baseline characteristics of our participants. Men
comprised 35.9% (314) of the participants and the preva-
lence of all-cause mortality was 25.7% (225). Mean HGS
and median 3 m TUG were 22.5 kg and 7.4 s, respectively.
Approximately half of the participants (51.4%) were treated
with antihypertensive medication and 7.7% with antidiabetic
medication, 12.5% had a history of coronary artery disease,
and 4.8% had a history of stroke.

All-cause mortality and restricted cubic spline curve
Table 2 shows the HR of mortality across TUG time. TUG

time in one second significantly increased the risk of all-
cause mortality in the crude model (HR 1.044, 95% CI

HR for mortality
o

1.0 p---=---,

0.5 1

6 8 10 12 14 16
TUG time (second)

Fig. 1 Relationship between TUG test time and mortality using a
Cox regression analysis with restricted cubic spline. The model was
adjusted for age, sex, and BMI. The HR based on a TUG time of 7.4 s
(median) as reference was calculated. A knot is located at the 5Sth,
25th, 50th, 75th, and 95th percentiles for TUG time. The solid line
represents the HR, and the shaded area represents the 95% Cls. The
dashed line indicates an HR of 1.00, and the dotted line indicates the
10.5 s TUG time mark. TUG timed up and go, BMI body mass index,
HR hazard ratio, CI confidence interval
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Table 1 Baseline characteristics of the participants

Total (n=_874)

Median, Interquar-

tile range (25th—
75th)
Age (years) 74 (70-79)
Sex, % (men, n) 359 (314)
Mortality prevalence, % (n) 25.7 (225)
Mean follow-up period (years) 8.5

BMI (kg/m?)
Systolic blood pressure (mmHg)

23.0 (21-24.9)
144 (132-157)
78 (71-86)

22.5 (18.1-27.7)
16.4 (10.4-21.1)
1.41 (1.14-1.71)

Diastolic blood pressure (mmHg)
Mean hand grip strength (kg)
Mean knee extension strength (kg)
Walking speed (m/s)

3 m timed up and go test (s) 7.4 (6.4-8.7)
Current smoker, % (n) 12.2 (107)
Antihypertensive medication, % (n) 51.4 (449)
Antidiabetic medication, % (n) 7.7 (67)
History of coronary artery disease, % (1) 12.5 (109)
History of stroke, % (n) 4.8 (42)

Categorical data are shown as percentages (number of participants)
BMI body mass index

Table 2 Association between TUG and all-cause mortality

Hazard Ratio (95% CI)

Crude P value Adjusted P value

Mortality 1.044 (1.019- 0.005

1.069)

<0.001 1.054 (1.016—
1.093)

Model is adjusted for age, sex, and BMI
TUG timed up and go, BMI body mass index, CI confidence interval

1.019-1.069; P <0.001). The adjusted model also signifi-
cantly increased the risk of all-cause mortality for TUG time
in one second (HR 1.054, 95% CI 1.016-1.093; P =0.005).
The adjusted model that included current smoking status
and past medical history resulted in no change in HR for the
association between TUG time in one second and all-cause
mortality compared with the adjusted model (Supplemen-
tary Table 1). The restricted cubic spline curve is shown
in Fig. 1. Overall, the HR between TUG time and mortal-
ity increased monotonically. When the TUG time was over
10.5 s, the HR increased over one. On the other hand, when
the time was under 7 s, the HR was less than one. Moreover,
when the TUG time was over 15 s, the lower limit of the 95%
CI was over one HR (Fig. 1).

Subgroup analyses and restricted cubic spline curve

Figure 2 displays the results from our Cox hazard regres-
sion models, including interactions, stratified by age, sex,
and BMI. Results indicated that increased TUG time was
independently associated with mortality in the group aged
75 years and above. A moderation effect of age on TUG time
was found between the 65-< 75 and > 75 years of age groups
(Pinteraction = 0-096). In addition, women and participants
with a BMI of <25 were positively associated with mortal-
ity. However, no significant moderation effects were found
among the sex and BMI groups on TUG time and mortality.
Figure 3a, b shows the relationship between TUG time and
mortality in the participants aged 65— <75 and > 75 years
using a Cox regression with restricted cubic spline, respec-
tively. In the results of the participants aged 65 — <75 years,
although the HR increased over one between 6.5 and 7.4 s
of TUG time, the HR was less than one in other TUG times
(Fig. 3a). In the result of the participants aged > 75 years,
the HR was around one when the TUG time was between
7.4 and 10.5 s. When the time was over 10.5 s, the HR was
over one (Fig. 3b).

Fig.2 Subgroup analysis of : P-value for
stratified age, sex, and BMI for Age HR and 95% CI interaction
the association between TUG 65 - < 75 years old : 0.960 (0.802-1.149)  0.096
time and mortality. The model :
is adjusted for age, sex, and S '
> FJ—— 1.127 (1.069 - 1.1
BMI. HR: hazard ratio, CI con- 75 years old : (1.069 8)
fidence interval, TUG timed up Sex : 0.902
and go, BMI body mass index Men T 1.068 (0.992 - 1.150) =
Women —— 1.055 (1.007 - 1.106)
BMI E
<25 | — 1.054 (1.015-1.094) 0.458
>25 : - 1.122 (0.911 - 1.383)
0.6 0.8 1 1.2 1.4 1.6
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Fig.3 a Relationship between TUG time and mortality in
65—<75 years old participants using a Cox regression analysis with
restricted cubic spline. The model was adjusted for sex and BMI. The
HR based on a TUG time of 7.4 s (median) as reference was calcu-
lated. A knot is located at the Sth, 25th, 50th, 75th, and 95th percen-
tiles for TUG time. The solid line represents HR, and the shaded area
represent the 95% Cls. The dashed line indicates an HR of 1.00. TUG
timed up and go, HR hazard ratio, BMI body mass index, CI confi-
dence interval. b Relationship between TUG test time and mortality
in>75 years old participants using a Cox regression analysis with
restricted cubic spline. The model was adjusted for sex and BMI. The
HR based on a TUG time of 7.4 s (median) as reference was calcu-
lated. A knot is located at the 5th, 25th, 50th, 75th, and 95th percen-
tiles for TUG time. The solid line represents the HR, and the shaded
area represents the 95% ClIs. The dashed line indicates an HR of 1.00,
and the dotted line indicates the 10.5 s TUG time mark. TUG timed
up and go, HR hazard ratio, BMI body mass index, CI confidence
interval

Discussion

This prospective study investigated the association between
mobility performance and mortality in community-dwelling
healthy Japanese older adults. Our Cox regression analysis
revealed that TUG time was associated with a significant
increase in risk of mortality after adjusting for potential con-
founders. The HR of mortality was increased when TUG

time was over 10.5 s. Moreover, age moderated the effect of
TUG time and mortality.

To our knowledge, the finding that TUG time is associ-
ated with an increased risk of mortality in Japanese older
adults is novel. The association between TUG time and mor-
tality in Japanese older adults is consistent with previous
reports examining this association in other races [6, 12].
Although this association has been identified in other Asian
countries, such as Korea [14], our results confirm that the
TUG test is related to mortality in a different Asian country,
namely, Japan.

Older adults experience a decline in physical performance
and have metabolic abnormalities [24, 25]. The TUG test
expresses a comorbid burden that highlights the importance
of multisystem interactions among several different sys-
tems involved in coordinating walking and balance. Previ-
ous research indicates that walking speed is associated with
frailty and mortality, and that balance tests, such as one-leg
standing time are related to frailty [3, 5, 26]. Thus, slow
TUG time may reflect a decline of a multisystem interaction
with aging and is expressed as low physical functioning.
Research indicates that low physical performance and social
dependence is positively associated with all-cause mortality
in older adults [13, 27]. Therefore, the TUG test may also be
associated with all-cause mortality.

As mentioned previously, the reference value of the TUG
test is different among different races [15]. One meta-anal-
ysis, which did not include Asia, reported the mean TUG
time for three age groups as 8.1, 9.2, and 11.3 s for those
aged 60-69, 70-79, and 80-99 years, respectively [22]. In
our study, median TUG time (7.4 s) was faster even though
median age was 74 years old. It is not clearly known as
to why TUG time in Asians is faster than in other races.
Research indicates that the walking speed of older Japanese
persons is faster than Caucasians and the median walking
speed in our participants was similar to a previous study
(1.41 m/s) [28]. Notably, walking speed is correlated with
TUG performance.9 Therefore, the TUG time observed
in Japanese older adults may be lower than the TUG time
observed in other races because walking speed in Japanese
is faster. However, further investigation will be needed to
clarify why TUG time is faster in Asian persons compared
to other races. Still, the association between TUG time and
mortality is consistent with several races, even though there
is a difference in the reference value of the TUG test in older
adults.

Using a Cox model with restricted cubic spline, we dem-
onstrated how much TUG time results in a risk of mortal-
ity and observed that mortality risk began at 10.5 s. When
the TUG time reached over 15 s, which was over the lower
limit of the 95% CI, there was a statistically significant
increase in risk of mortality. Thus, risk of mortality may
begin to increase when the TUG time is within the range of
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10.5-15 s. Conversely, the TUG time range between 7 and
10 s was stagnated. That means this range of time was not
different from the reference time for a risk of mortality. In
fact, the risk of TUG time for mortality is also over 10 s in
the Korean population [14]. Therefore, the risk of mortal-
ity in TUG time might begin from 10.5 s in older Japanese
adults.

In the present study, age significantly moderated the
relationship between mortality and TUG time. We divided
age into two groups (65—<75 years old and >75 years
old); these groups exhibited different risks of mortality,
even with the same TUG time. That is, the group that was
65— <75 years of age was not associated with a risk of
mortality, but the > 75 years of age group was significantly
associated with a risk of mortality. This finding suggests
that mobility function may accelerate and increase the risk
of all-cause mortality in persons aged > 75 years. In fact,
the HR for mortality increased with increasing TUG time
in the participants aged > 75 years in the restricted cubic
spline. Many countries define “old” as > 65 years, regardless
of no clear medical or physiological evidence [29, 30]. The
Japan Geriatrics Society recommends that “old” be defined
as >75 years because persons aged 65— <75 years are still
mentally and physical healthy and can proactively partic-
ipate in social activities [31]. Given that the relationship
between mobility performance and elevated risk of mortality
was stronger in participants who were > 75 years of age, our
results suggest that risk factors for mortality change from
75 years of age. Thus, this finding supports the recommenda-
tion to define “old” as >75 years.

The strength of this study is the long follow-up time
and few cases of unknown survival. The median follow-up
period was 8.5 years which is long compared to previous
studies. The unknown survival rate was approximately
8.3% among the participants aged > 65 years. The inclu-
sion of only Japanese participants is another strength of
this study, given the previously observed racial variability
in TUG times. The association between TUG time and
all-cause mortality was an interesting result, even though
TUG times for Japanese individuals is generally faster
than for other races. The present study has several limita-
tions. First, our participants were all volunteers and may
be healthier members of our target population. Generally,
non-participants exhibit lower physical performance and
higher mortality in population-based studies. Therefore,
our results may have underestimated the relationship
between the TUG test and all-cause mortality. Second,
we evaluated the association between the TUG test and
all-cause mortality. Generally, given that the TUG test is
related to physical performance, participants with conges-
tive heart failure and cancer—which are associated with
sarcopenia and frailty—may participate in fewer activi-
ties [32, 33]. Thus, there could be a stronger association
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between physical performance and mortality if cause-spe-
cific mortality was investigated. Third, there are residual
confounding factors to various degrees in all observational
studies. We reviewed the previous reports regarding the
associated factors between TUG time and mortality. How-
ever, we were unable to identify confounders to include in
our data analyses. Therefore, we included key confound-
ers in our analysis. Although we created a model that
included participants’ smoking status and past medical
history, there was no change in the results (Supplemental
Table 1). Thus, background characteristics, such as cur-
rent smoking status and past medical history, might exert
little influence on the association between TUG time and
all-cause mortality. Fourth, our participants came from a
study conducted between 2004 and 2016 and their mortal-
ity was evaluated in 2017. Given that the minimum follow-
up period of the participants was one year, it is possible
that some deceased participants were included in the “still
living” group. However, the number of new participants
was 20 in 2016; therefore, the results from a possible num-
ber of deceased participants may be offset by the results
of recent participants.

Conclusion

This study demonstrates that TUG time is associated with
all-cause mortality in Japanese older adults. Moreover, the
association between TUG time and mortality may begin
from 10.5 s in Japanese older adults. These findings sug-
gest that the evaluation of TUG time for mortality needs
to consider race.
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