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Abstract  
‘Sit-to-stand’ exercise uses the repetitive motion of standing up 
and sitting down in a chair, a common activity of daily living. A 
new assessment using an incremental sit-to-stand exercise test 
employs an external sound to control the speed of standing-up 
and allows increases in work rate. The aims of the study were to 
examine the effect of different seat heights on peak oxygen 
uptake (peak VO2) during an incremental sit-to-stand exercise 
and to assess any difference between peak VO2 values during 
incremental sit-to-stand exercise compared with a cycle ergome-
ter test. Thirteen healthy young women (age: 23.1 ± 2.6 years, 
height: 1.61 ± 0.06 m, body mass: 51.9 ± 7.4 kg·m-2) participat-
ed in four incremental sit-to-stand tests with different seat 
heights and cycle tests in random order. The seat heights were 
adjusted to 100%, 80%, 120%, and 140% of knee height dis-
tance (100%, 80%, 120%, and 140% incremental sit-to-stand 
exercise, respectively). The peak VO2 and completion time were 
measured during incremental sit-to-stand and cycle ergometer 
tests, and repeated-measures analysis of variance and Student’s 
paired t-test with Holm’s method were used to evaluate differ-
ences between these variables. The peak VO2 values increased 
by about 10-12 mL·min-1·kg-1 as the seat height on the ISTS 
decreased over a 60% range of lower leg lengths. The peak VO2 
values on the 80%, 100%, 120%, and 140% incremental sit-to-
stand tests were about 11%, 25%, 40%, and 50% lower than that 
on the cycle ergometer test, respectively. The peak VO2 on the 
incremental sit-to-stand test increased as seat height decreased. 
These findings are useful to determine which seat height on the 
incremental sit-to-stand tests test is suitable for different popula-
tions. 
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Introduction 
 
Aerobic fitness measurements, such as peak VO2 and 
anaerobic threshold (AT), may be important to understand 
the effects of the exercise interventions (Myers et al., 
2002; Wasserman et al., 2012). Aerobic fitness can be 
assessed by cardiopulmonary exercise testing (CPX) 
using either gas exchange analysis or determination of 
blood lactate concentration. Common types of ergometry 
assessments include cycle (CE) or treadmill testing which 
are regarded as the “gold standard” in clinical practice 
(Wasserman et al., 2012). However, “gold standard” 
measures are not widely available for use in the clinical 
setting because they require specially trained staff togeth-

er with expensive and specialized equipment (Goto et al., 
2007). Furthermore, traditional modes of testing may not 
be suitable for elderly and/or frail patients who cannot 
cycle or walk safely (Siconolfi et al., 1982; Wasserman et 
al., 2012).  

Conversely, field tests, which are simpler, inex-
pensive, and do not require complicated instrumentation 
are commonly used in clinical settings e.g. the incremen-
tal shuttle walking test (ISWT) (Singh et al., 1994). Fur-
thermore, most studies observed strong correlations be-
tween distance walked and peak VO2 (r ≥ 0.70) during the 
ISWT, thus the ISWT can be considered a valid test to 
assess aerobic fitness in individuals with chronic respira-
tory and cardiac diseases (Parreira et al., 2014). However, 
Macsween et al. (2001) found no relationship between 
VO2 max and number of shuttles completed during the 
ISWT in patients with cardiac disease or rheumatoid 
arthritis, due to limitations in musculoskeletal and loco-
motor ability in 50% of patients, which supports the earli-
er findings of Arnott (1997). Therefore, field tests such as 
the ISWT may not be suitable for patients with locomotor 
disability who cannot walk safely.  

Sit-to-stand (STS) exercise uses the repetitive mo-
tion of standing up and sitting down on a chair, a common 
activity of daily living (Dall and Kerr, 2010). STS exer-
cise can be performed by a large number of patients. In 
addition, it only requires a small space and a chair, and 
the exercise intensity can be easily adjusted by changing 
the patients’ STS speed or seat height (Kamimura and 
Akiyama, 2011; Nakamura et al., 2014). An STS test has 
been used to measure lower body strength in older adults 
and stroke patients in previous studies (Bohannon, 2011; 
Jones et al., 1999). However, few studies have used an 
STS test to assess aerobic fitness. If a simple test using 
STS exercise to evaluate aerobic fitness were established, 
similar to the ISWT, then the aerobic fitness of a greater 
number of subjects could be evaluated in clinical practice. 

In a previous study, we developed the incremental 
(I) STS exercise protocol for assessing aerobic fitness 
(Table 1) (Nakamura et al., 2014; 2015). The ISTS test 
uses an external sound to control the speed of standing-up 
and allows an increase in work rate. Another study 
showed a strong correlation between ATs during the ISTS 
test with arm support and CE test, and the ISTS with arm 
support is a potentially valid, reproducible, and safe test 
for evaluating the AT in healthy young adults (Nakamura 
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et al., 2015). In these previous studies, the seat height 
setting on the ISTS was adjusted on the basis of the stand-
ing knee height (Nakamura et al., 2014; 2015). Chair seat 
height is one of the important factors of an STS task, 
because it affects joint moments during an STS task (Yo-
shioka et al., 2014). Yoshioka et al. (2014) reported that 
during STS movement, the peak hip and knee joint mo-
ments decrease inversely, relative to the seat height within 
the range of normal to high seat height. Furthermore, 
lowering the height of the seat makes the STS movement 
difficult for the elderly (Schurr et al., 2012; Weiner et al., 
1993). For example, the minimum height for successful 
seat rising for community-dwelling elderly people (64–
105 years of age) with chair rise difficulties appears to be 
less than 120% of the knee height, when standing up from 
the chair without arm support (Weiner et al., 1993). In 
other words, many elderly people may be able to stand up 
from a chair seat at 120% or more of the knee height 
without arm support. 
 
Table 1. Protocol for the incremental sit-to-stand exercise. 

Level Time 
(seconds) 

Standing up fre-
quency 

(times/min) 

Sum standing up 
(repetitions) * 

1 45 6 4 
2 90 8 10 
3 135 10 17 
4 180 12 26 
5 225 14 36 
6 270 16 48 
7 315 18 61 
8 360 20 76 
9 405 22 92 

10 450 24 110 
11 495 26 129 
12 540 28 150 
13 585 30 172 
14 630 32 196 
15 675 34 221 
16 720 36 248 

* Sum standing up was number of cumulative stand-up repetitions 
completed during the ISTS  
 

A greater understanding of the impact of the seat 
height during STS exercise on aerobic fitness is critical to 
developing valid methods for the evaluation of aerobic 
fitness. However, the effect of seat height on oxygen 
uptake during the ISTS exercise remains unclear. Fur-
thermore, leg strength is an important component of being 
able to do STS tasks. However, the relationships between 
leg strength and ISTS performance remain unclear. 

Therefore, the aims of the present study were to 1) 
investigate the effect of seat height during the ISTS test 
on VO2; 2) examine any difference between peak VO2 
during the ISTS and CE tests; and 3) examine the rela-
tionship between leg strength and ISTS performance. We 
hypothesized that the highest VO2 during the ISTS test 
would increase as the seat height decreased. 
 
Methods 
 
The present study had a within-subject design to examine 
any difference between the values of peak VO2, peak 

heart rate (HR), and completion time during the ISTS 
tests using four different seat heights compared with a CE 
test. 

 
Participants 
Thirteen healthy young women were recruited for the 
present study. The selection criteria were as follows: 1) 
aged 20–29 years, 2) subjects were healthy, but not en-
durance trained, 3) no history of bone, joint, or cardi-
orespiratory disease that would impede exercise, and 4) 
willing to provide voluntarily consent to participate. Table 
2 shows the subjects’ physical characteristics. 
 
Table 2. Physical characteristics of all subjects included in 
the study. Values are means (± standard deviation).  

 All (n = 13) 
Age (years) 23.1 (2.6) 
Height (m) 1.61 (.06) 
Weight (kg) 51.9 (7.4) 
Body mass index (kg·m-2) 20.2 (2.7) 
Knee extensor muscle strength (Nm·kg-1) 3.0 (.4) 

 
This cross-sectional study was conducted at 

Shinshu University, and was approved by the Shinshu 
University School of Medicine’s Ethics Committee and 
Matsumoto City Hospital’s Ethics Committee. Volunteers 
were treated in accordance with the principles laid down 
in the Declaration of Helsinki. All volunteers were famil-
iarized with the experimental procedures prior to testing, 
and written informed consent was obtained. 

 
Measures 
The main outcome measures of the present study were the 
peak VO2, peak HR during the ISTS and CE tests, and 
completion time during the ISTS tests. The peak VO2 and 
HR were defined as the average value obtained during the 
last 30 s of testing (Ito et al., 2013). All VO2 measures 
were relative to body mass (mL·min-1·kg-1) (Ito et al., 
2013). If a subject completed the test but met the general 
discontinuation criteria for exercise tests (procedures, 
below), the data were not included in the subsequent 
statistical analysis.  
 
Procedures 
All subjects performed four ISTS tests with different seat 
heights (according to a protocol developed from a previ-
ous study) and a CE test in a random sequence with a 
minimum of 3 and a maximum of 14 days separating the 
tests (Nakamura et al., 2015). The subjects were asked to 
fast for 2 h prior to each exercise test.  

During the ISTS test, subjects were instructed to 
use both hands on the pole to push off; however, we did 
not limit how much force they used. The pole was adjust-
ed to a specific height such that the elbows of the subjects 
were at 30 degrees in the standing position (Nakamura et 
al., 2015). Accordingly, subjects had to touch each “tar-
get” in the upright and seated position in order to define 
the STS motion (Figure 1). Participants’ feet were placed 
in a comfortable position and were set shoulder width 
apart. The seat height settings were adjusted on the basis 
of  the standing knee height (KH), defined  as the distance  
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Figure 1. The position of the subject during the incremental sit-to-stand exercise. The subjects had to touch each target (ar-
rows) in the upright and sitting positions. 

from the floor to the level of the upper end of the fibular 
head when the tibia was perpendicular to the floor. The 
four seat heights were set at 80%, 100%, 120%, and 
140% of the KH distance (100%, 80%, 120%, and 140% 
ISTS, respectively) (Kamimura and Akiyama, 2011; 
Nakamura et al., 2014). The ISTS protocol consisted of 3 
min of rest, followed by 3 min of warm-up, and then 12 
min of exercise. The frequency during the ISTS was 6 
times/min during the warm-up period and was 6–36 
times/min during the 12-min exercise period (Table 1) 
(Nakamura et al., 2014; 2015). The frequency of standing 
up was controlled by audio signals via a metronome.  

During the CE test, a ramp exercise protocol was 
used (Aerobike 75XLII; Combi, Tokyo, Japan). Follow-
ing 3 min of seated rest, the subject commenced a 3 min 
warm-up at 10 watts. After the warm-up period, the pow-
er output increased by 15 watts/min (Ito et al., 2013; Was-
serman et al., 2012) subjects maintained a cadence of 60 
rpm throughout the test. 

 The criteria for the termination of the test were as 
follows: 1) when the general discontinuation criteria for 
exercise tests were met (American College of Sports 
Medicine, 2013); 2) when a subject missed the pacing 
given by the metronome for the third time in a row (Ka-
mimura and Akiyama, 2011; Nakamura et al., 2014; 
2015); and 3) when a subject became unable to maintain a 
cadence of 60 pedal revolutions/min. 

Measurements included expired gases, HR, Borg’s 
6–20 scale of rating of perceived exertion (RPE) which 
reflects ventilatory effort (RPE-V) and leg fatigue (RPE-
L) (Borg et al., 1970; Green et al., 2003), and knee exten-
sor muscle strength (Andrews et al., 1996; Izawa et al., 
2014). Before testing during the participants’ first visit, 

maximum voluntary isometric contraction of the knee 
extensor muscle was measured by using a hand-held dy-
namometer (μ Tas F-100; Anima, Tokyo, Japan). All 
participants sat on a bench with the dynamometer fixed to 
a rigid bar. Testing was performed on both legs for a 
maximum of three times the maximal isometric voluntary 
contraction of the knee extensor muscle. After measure-
ment, the average of the highest value of the right plus left 
side knee extensor muscle strength was calculated (An-
drews et al., 1996; Izawa et al., 2014). The knee extensor 
muscle strength (Nm·kg-1) was calculated using body 
mass and lower leg length according to the following 
formula: strength (N) × lower leg length (m) / body mass 
(kg). During testing, expired gases, such as oxygen uptake 
(VO2), carbon dioxide output (VCO2), and HR were con-
tinuously monitored. Heart rate was measured using a belt 
HR monitor (H2 Heart Rate Sensor; Polar, Kempele, 
Finland). Expired gases were measured using a breath-by-
breath analyzer (AT1100; Anima). The gas analyzer was 
calibrated prior to and following each test using precision 
reference gases. The breath-by-breath expired gas data 
were converted into time series data. The data sets were 
calculated using the gas analysis software for the 
AT1100, in which the variable moving average was as-
sessed. A nine-point moving average of the data was 
applied to the calculation for the respiratory gas parame-
ters. The RPE scales immediately after completion of the 
exercise were measured to ensure the safety of the exer-
cise. The temperature in the exercise room was main-
tained between 21ºC and 24ºC. 
 
Statistical analysis 
Statistical  analysis  was  performed using SPSS software 
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for Windows (SPSS package, version 18.0J, SPSS Inc., 
Chicago, IL, USA). The values are presented as means ± 
standard deviations (SDs) and medians (interquartile 
ranges). The Shapiro-Wilk test was used to determine 
normality of values. Repeated-measures analyses of vari-
ance were applied for peak VO2 and peak HR across the 
exercise conditions. If an F value was significant, pair-
wise comparisons were made for all pairs in the exercise 
conditions by using Student’s paired t-test. To control the 
family-wise error rate in each multiple comparison, 
Holm’s method was used to adjust the p-value of each t-
test (Holm, 1979; Yoshioka et al., 2014). A statistical 
significance level was set at p < 0.05. The Friedman test 
and the post hoc Steel-Dwass test were used to compare 
the RPE scores obtained during the ISTS and CE tests.  
 
Results 
 
The seat heights (mean ± SD) of 80%, 100%, 120%, and 
140% ISTS were 32.2 ± 1.0, 41.5 ± 1.2, 49.8 ± 1.4, and 
58.2 ± 1.7 cm, respectively. Significant differences were 
found in the comparisons between 80%, 100%, 120%, 
and 140% ISTS (p < 0.01). No subjects met the general 
discontinuation criteria for exercise tests, and knee pain 
was not provoked in any exercise. All the subjects com-
pleted the 100%, 120%, and 140% ISTS tests at 12 
minutes. Four of 13 subjects completed the 80% ISTS test 
at 12 minutes, and the rest of the subjects finished the 
80% ISTS when they were not able to keep up the pacing 
given by the metronome for the third time in a row. 

The peak VO2 values of 80%, 100%, 120%, and 
140% ISTS were 26.7 ± 1.6, 23.1 ± 1.8, 18.4 ± 1.7, and 
15.4 ± 1.7 mL·min-1·kg-1, respectively (Table 3). The 
peak VO2 value of the 80% ISTS was significantly higher 
than that of the other ISTS tests (p < 0.01). The peak VO2 
value of the 100% ISTS was significantly higher than that 
of the 120% and 140% ISTS (p < 0.01). The peak VO2 
value of the 120% ISTS was significantly higher than that 
of the 140% ISTS (p < 0.01). The peak VO2 value of the 
80% ISTS was 11% lower than that of the CE test (p < 
0.01) (Table 3). The peak HR values on the 80% ISTS 
and CE test were significantly higher than those on the 
other ISTS tests (p < 0.01). The mean ± SD for the com-
pleted time (s) in the 80%, 100%, 120%, and 140% ISTS 
were 643.4 ± 56.0, 720 ± 0, 720 ± 0, and 720 ± 0, respec-
tively.  

The correlation between the completed time on the 
80% ISTS and knee extensor strength was r = 0.33 (p = 
0.27). 

The median (interquartile  range) RPE-V of the 
80%, 100%, 120%, and 140% ISTS and CE test were 15 
(15), 13 (13–15), 12 (12–14), 12 (11.5–12), and 15 (14.5–
15), respectively. The median (interquartile range) RPE-L  

of the 80%, 100%, 120%, and 140% ISTS and CE test 
were 16 (14–18), 13 (11–15), 12 (11–13), 11 (10.5–12), 
and 15 (14.5–17), respectively. The factor of test condi-
tions significantly affected the RPE-V and RPE-L. The 
RPE-V and RPE-L on the 80% ISTS were significantly 
higher than those on the 100%, 120%, and 140% ISTS (p 
< 0.05). The RPE-V and RPE-L on the CE test were sig-
nificantly higher than those on the 120% and 140% ISTS 
(p < 0.05). There was no significant difference in the 
RPE-V and RPE-L between the 80% ISTS and the CE 
test. 
 
Discussion 
 
This is the first study to investigate the effect of the seat 
height setting on an ISTS test on peak VO2 values in 
healthy young women. Ito et al. (2013) reported standard 
values of peak VO2 in a normal Japanese population, and 
showed that the peak VO2 during a CE test was 30.0 ± 4.2 
mL·min-1·kg-1 in women. The peak VO2 during the CE 
test in the present study was similar to that previously 
reported by Ito et al. (2013). Furthermore, the knee exten-
sor muscle strength in participants was also similar to that 
reported by Lindle et al. (1997). Therefore, participants in 
the present study have a normal level of physical abilities. 

The results of this study indicate that the peak VO2 
during the ISTS test increases as seat height decreases. 
Our data showed that peak VO2 values increased by 10-12 
mL·min-1·kg-1 as the seat height on the ISTS decreased 
over a 60% range of lower leg length. Many previous 
studies investigated the effect of seat height when stand-
ing up from a chair on lower-limb joint load and muscular 
activity, while little is available on the effect of the seat 
height on O2 uptake during STS exercise. A lower seat 
brings down the centre of gravity and increases the degree 
of trunk flexion and angular displacement of the trunk, 
hip, knee, and ankle when standing up from sitting 
(Janssen et al., 2002). Standing up from a lower seat 
height would be more demanding due to the increase in 
the floor reaction force and the maximum moment gener-
ated by the hip and knee joint (Arborelius et al., 1992; 
Janssen et al., 2002; Rodosky et al., 1989). Demura and 
Yamada (2007) also reported that when the seat height 
was 20% lower than the lower leg length, the peak floor 
reaction force increased. Furthermore, Yoshioka et al. 
(2014) proposed that the peak mechanical load and the 
peak hip and knee joint moments increase as seat height 
decreases. With regard to the muscular activity when 
standing up from different seat heights, previous studies 
reported that the vastus lateralis, rectus femoris, and tibi-
alis anterior muscles showed a tendency towards higher 
activity levels with decreasing seat height (Arborelius et 
al., 1992; Yamada and Demura, 2004). Based on such

 
Table 3. Comparison of peak oxygen uptake (mL·min-1·kg-1) and peak heart rate (bpm) between the incremental sit-to-stand 
exercises and cycle-ergometer test. Values are presented as mean s (± standard deviation) (n = 13). 

 80% ISTS 100% ISTS 120% ISTS 140% ISTS CE F-value Post-hoc 
Peak VO2  26.7 (1.6) 23.1 (1.8) 18.4 (1.7) 15.4 (1.7) 31.0 (3.7) 149.6* CE > 80% > 100% > 120% > 140% 
Peak HR  173 (7) 155 (13) 132 (13) 119 (8) 176 (6) 150.7* 80%, CE > 100% > 120% > 140% 
Compl. time 643 (56) 720 (0) 720 (0) 720 (0) 472 (70) 126.7* 100%, 120%, 140% > 80% >CE 

CE, cycle ergometer; HR, heart rate; ISTS, incremental sit-to-stand; peak VO2, peak oxygen uptake; Compl. Time: Completion time (sec). F-values 
were determined by the one-way analysis of variance with repeated measures. * p < 0.05.   
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previous studies, the 80% ISTS using a lower seat height 
may require a larger muscle mass to be activated (the legs 
and trunk) to create a larger extending moment on the 
knee and hip joint than ISTSs which use a higher seat. 
The amount of the muscle mass used in the exercise may 
be the reason for the differences observed between the 
different exercise modes (Hill and Vingren, 2014; Nagle 
et al., 1984; Orr et al., 2013). The 80% ISTS, in which a 
larger muscle mass is used compared with the 100% to 
140% ISTS, is potentially more stressful to the cardio-
pulmonary system than the latter. However, the peak VO2 
on the 80% ISTS was about 10% lower than that meas-
ured during the CE test. However, there is no definite 
explanation for the observed differences in the peak VO2 
value between the 80% ISTS and the CE test. In the pre-
sent study, the frequency of STS movements was up to 36 
times/min during the ISTS test, while subjects maintained 
a cadence of 60 rpm throughout the CE test. Thus, ISTS 
has lower muscular activity, and that may result in a low-
er peak VO2 compared with the CE test.  

Given that there are differences in peak VO2 be-
tween a young and elderly population, a suitable seat 
height for the elderly may differ from that for the young. 
Ito et al. (2013) reported on the standard values of peak 
VO2 in a normal Japanese population and showed that 
peak VO2 values during the CE test were 23.25 mL·min-

1·kg-1 in men and 21.66 mL·min-1·kg-1 in women in their 
70s, and 20.53 mL/min/kg in men and 19.7 mL·min-1·kg-1 

in women in their 80s. Based on the present study, 100% 
to 120% ISTS may be suitable to estimate aerobic fitness 
in the elderly. On the other hand, many elderly people 
experience difficulty when standing up from a low chair 
(Schurr et al., 2012; Weiner et al., 1993). For example, 
Schurr et al. (2012) reported that the lowest possible 
height from which 23 elderly participants (58–92 years of 
age) can rise from siting-to-standing without the use of 
the upper limb was 42.3 ± 12.5 cm. Weiner et al. (1993) 
also reported that about 73–86% of elderly participants 
were able to stand up from a chair set at 120% of the knee 
height without arm support. Based on these previous 
studies, 120% ISTS may be used to evaluate aerobic fit-
ness in the elderly. Furthermore, because knee pain may 
be provoked when the elderly perform the ISTS, the 
height of the chair and frequency of the STS speed would 
need to be adjusted.  

We have shown that the relationship between the 
completed time on the 80% ISTS and lower muscular 
strength is weak (r = 0.33). This result differs from previ-
ous studies that used an STS test to measure leg strength 
(Bohannon, 2011; Jones et al., 1999). A possible reason 
for this difference is that the ISTS protocol consisted of 
12 min of exercise, which was longer than that in Jones’s 
test (Jones et al., 1999), and the performance in the ISTS 
may have been affected by cardiopulmonary function 
rather than lower leg strength.      

Because   no   subjects    met   the   discontinuation 
criteria, the present protocol was considered to have a safe 
physical workload for healthy young individuals. In the 
present study, the RPE after exercise in the 80% ISTS 
was similar to that in the CE test, while that in the 100%, 
120%, and 140% ISTS was lower than that in the CE test. 

This finding suggests that the ISTS test is useful in the 
clinical setting, generating similar responses to a CE test. 

The present study has some limitations. First, only 
healthy young women were recruited; therefore, further 
studies including men and an older population are needed 
to develop the ISTS test as an aerobic fitness measure 
suitable for elderly and frail patients. Second, a further 
study investigating the reproducibility of the ISTS test is 
needed to develop the ISTS as an aerobic fitness meas-
urement. In addition, in order to be functionally useful for 
elderly and frail patients, arm position and arm use during 
the test need to be further studied. 

 
Conclusion 

 
In conclusion, this is the first study to evaluate any differ-
ence between peak VO2 values using the ISTS exercise 
tests with different seat heights versus a CE test. The peak 
VO2 on the ISTS test increased as seat height decreased. 
Comparing the effect of different seat heights during the 
ISTS test on the peak VO2 is beneficial to determine 
which seat height on the ISTS test is suitable for different 
populations. Future studies using the ISTS test on other 
populations that would benefit from the ISTS test for 
exercise testing are warranted. 
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Key points 
 
• Researchers involved in collecting data in this 

study have no financial or personal interest in the 
outcome of results or the sponsor.  

• The ISTS is a simple test that requires only a small 
space and a chair, and the exercise intensity can be 
easily adjusted by changing the patients’ STS speed 
or the seat’s height. 

• The peak VO2 on the ISTS test increased inversely, 
relative to seat height within 140% to 80% of the 
lower leg length. 

• The effect of different seat heights during the ISTS 
test on the peak VO2 is beneficial to determine 
which seat height on the ISTS test is suitable for 
different populations. 
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