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[Purpose] The aim of this study was to investigate the steady state of oxygen uptake (VO,) at several

standing up frequencies to clarify whether workload in the sit-to-stand exercise (STSE) is greater than the anaerobic
threshold (AT). [Subjects] Ten healthy young subjects performed the STSE. [Methods] In the STSE, subjects stood
up and sat down without using their arms to push-off from the chair at standing up frequencies of 6, 12, 18, 24,
30, and 36 times per minutes. Subjects exercised for 5 minutes at each frequency with 5 minutes of rest between
each consecutive frequency trial. The steady state of VO, was evaluated by the difference in the VO, between the
3rd and 5th min at each frequency. The correlation between the VO, of the STSE and the standing up frequency
was analyzed. [Results] At standing up frequencies greater than 24 times/min, the steady state of VO, could not
be confirmed. The relationship between the standing up frequency (at less than 24 times/min) and VO, was strong
(r=0.94). [Conclusion] The STSE may be a potentially useful test for determining AT and predicting the physical

capacity of patients.
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INTRODUCTION

Physical capacity is evaluated to assess the prognosis of
cardiac patients, and to help determine the exercise inten-
sity for training in cardiac rehabilitation and for lifestyle
related disease management! ?. Physical capacity, such as
maximal oxygen uptake (VO,max) and anaerobic thresh-
old (AT), is measured by cardiopulmonary exercise testing
(CPX) using a cycle ergometer, and treadmill, or field tests
such as the incremental shuttle walking test (ISWT)?™).
Laboratory assessment, such as CPX, is not widely avail-
able and is expensive. Furthermore, it may not be suitable
for patients who cannot pedal or walk. Although the ISWT,
which is a simple test and easily conducted, is often em-
ployed in clinical practice, it requires a large space and can-
not be conducted with patients who cannot walk safely® 3.

On the other hand, the sit-to-stand exercise (STSE) which
is part of an individual’s activity of daily living, and uses
the repetitive motion of standing-up and siting down on a
chair® 7. The STSE, which requires only a chair and small
space, can be performed by a large number of patients, and
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the exercise load intensity can be easily adjusted by chang-
ing the standing up frequency® 7. Although the STSE has
been recommended as an estimate of leg muscular power by
many previous studies, there are few studies that have eval-
uated the subjects’ physical capacity during the STSE®?.
Kamimura® examined the relationship between standing
up frequency and physiological workload, and indicated
that oxygen uptake (VO,) and heart rate increase linearly as
the standing up frequency increases. Moreover, Kamimu-
ra® examined the relationship between VO, of STSE and
the AT determined using a cycle ergometer, and estimated
that the work rate at the standing up frequency of 30 times/
minute was greater than the AT, and at 24 times/min less
than the AT. However, there has been no study has investi-
gated the relationship between the AT estimated by STSE
and standing up frequency directly.

The purpose of this study was to confirm the steady state
of VO, at several standing up frequencies to clarify whether
the STSE workload is greater than the AT. Additionally, this
study investigated the relationship between physiological
workload and the standing up frequencies. It is necessary to
clarify the STSE physiological workload in order to develop
the STSE as a method of measurement of physical capacity.

SUBJECTS AND METHODS
An appropriate sample size was estimated based on

the finding that the standing up speed is a predictor of the
oxygen uptake® 7. Assuming a standardized effect size for
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Pearson’s correlation of 0.80, to achieve a statistical power
of 80% at an a level of 0.05 (two-tailed), we estimated that
about 9 subjects were needed!?). Therefore, a total of ten
subjects were recruited for this study. The selection criteria
were as follows: 1) 20-29 years old, 2) no history of bone,
joint disease or cardiorespiratory disease that have affected
the exercise, and 3) voluntarily gave consent to take par-
ticipation in the research. This research was conducted with
the approval of the Shinshu University School of Medicine
Ethics Committee and Matsumoto City Hospital Ethics
Committee. All subjects gave their written consent to par-
ticipation in this study.

The breath-by-breath gas analyzer used in this study was
the AT1100 by ANIMA (Tokyo, Japan). The gas analyzer
was carefully calibrated before the start of measurement.

The height of the chair used for the STSE was adjusted
to the level of the upper end of the fibula head. Subjects
were asked to cross their arms in front of their chest during
exercise to prevent trick motion by the arm. The feet were
placed in a comfortable position and set apart at shoulder
breadth. Accordingly, subjects had to touch each target in
the upright position and sitting position in order to define
the STSE motion. The standing up frequencies of the STSE
were set at 6, 12, 18, 24, 30, and 36 times per minute, and
subjects exercised for 5 minutes at each frequency with 5
minutes of rest between each consecutive frequency trial.
The frequency of standing up was controlled by audio sig-
nals given by a metronome. The criteria for the suspension
of the test were as follows: 1) when it corresponded to gen-
eral discontinuance criteria for exercise tests'”; 2) when a
heart rate reached 80% of the predicted maximum HR, or 3)
if subjects missed the timing given by the audio signals for
three times in a row®. When the steady state of VO, could
not be confirmed after five minutes, the test was terminated.
The steady state of VO, was evaluated by the difference in
the VO, between the 3rd and 5th min (VO, 5th — VO, 3rd
<0)2.

The measurement items were VO,, heart rate (HR),
systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP), and the Borg scale of rate of perceived exer-
tion (RPE) and fatigue of the leg. During testing, VO,, and
HR were continuously measured. Respiratory gases were
measured on a breath-by-breath basis. The breath-by-breath
expired gas data were converted into time series data. The
data sets were calculated using the gas analysis software of
the AT1100, in which the variable moving average was per-
formed. The nine-point moving average of data was applied
to the calculation for the respiratory gas parameters. The
mean values of VO, and HR during the 30 seconds before
the end of each standing up frequency were calculated. The
rate of increase in HR at each standing up frequency to HR
at rest (AHR) was calculated. After the exercise, BP and the
Borg scale were measured. The temperature in the exercise
room was maintained at between 21 °C and 24 °C.

Statistical analysis was performed with SPSS 11.0 J for
Windows software (SPSS Inc., Chicago, IL, USA) .The
correlation between the standing up frequency and VO, of
the STSE was analyzed using Pearson’s product-moment
correlation coefficient. Simple linear regression analysis

Table 1. Characteristics of all subjects (n=10)

Mean+SD
Age (yr) 22.34+2.2
Height (cm) 169.6+9.8
Weight (kg) 58.1+8.1
Sitting height (cm) 89.5+3.1
Height of chair (cm) 43.5+1.8
BMI (kg/m?) 22.5+4.1

was used to determine the relationship of the standing up
frequency to VO,. Significance was accepted for values of
p<0.05.

RESULTS

Seven males and three females participated in this study.
Their average age was 22.3+2.2 (yr), their average height
was 169.6+£9.8 (cm), their average weight was 58.1+8.1 (kg),
and the average height of chair was 43.5+1.8 (cm) (Table 1).
The reason for having to termination of the STSE was an
inability to confirm the steady state of VO,. There were no
subjects who corresponded to the criteria for the premature
suspension of the test at standing up frequencies up to 18
times/min. However, the steady state of VO, could not be
confirmed for some subjects at 3 frequencies as follows: at
24 times/min (2 subjects out of 10), 30 times/min (6 subjects
out of remaining 8), 36 times/min (2 subjects out of remain-
ing 2). Therefore, the eight subjects who had completed at
least 24 times/min were included in the analysis. The rela-
tionship between the standing up frequency and VO, was
strong (r=0.94, p<0.05). It was represented by the regres-
sion equation (n=8): VO, (ml/min/kg) = 0.40 xstanding up
frequency (times/min) + 5.23 (R>=0.88). The data revealed
that as the frequency of standing up increased, each subject
demonstrated a gradual increase in VO,, AHR, SBP, and
Borg Scale (Table 2).

DISCUSSION

Because there weren’t any subjects who corresponded
to the discontinuance criteria of reaching 80% of predicted
HR maximum, and Borg Scale of RPE and fatigue of the
leg after exercise indicated moderate intensity, this protocol
was considered to be of a safe physical workload.

We demonstrated that the STSE workload at standing up
frequencies from 24 times/min to 36 times/min was above
the AT. In general, a steady state of VO, cannot be reached
at the workloads above the AT'D. Therefore, in our study,
the steady state of VO, could not be verified at the work-
loads during standing up frequencies from 24 times/min to
36 times/min. Kamimura® estimated that the standing up
frequency of a work load, equal to the AT determined by
cycle ergometer, was within the range from 24 times/min
to 30 times/min, and the results of our study lend support
to Kamimura’s report®. This may be related to the resem-
blance of the exercise pattern, since both STSE and cycle
ergometers used similar lower limb muscles and rhythmic
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Table 2. Physiological work load of each standing up frequency (n=8)

Standing frequency (times/min) Rest 6 12 18 24
Oxygen uptake volumes (ml/min/kg)? - 7.8+0.5 102+ 1.1 12713 151+ 1.3
AHR (%)? - 14.2+10.2 27.8+13.9 437+ 13.1 59.8+14.7
SBP (mmHg)¥ 124.1 £ 10.6 123.1 +10.7 1259+ 6.5 129.0 £ 10.2 1334+99
DBP (mmHg)? 73.5+5.0 74.6 +7.8 76.4+6.3 78.5+84 779 +8.5

RPEY - 7 (7-8) 11 (10-11) 12.5 (11-13) 13.5 (13-14)
Borg scale .

Fatigue of the leg? - 7.5 (7-8) 10.5 (9-11) 11 (10-13) 12 (12-15)

3 Mean + SD, » Median (interquartile range)

motion!3-19),

This study demonstrated the relationship between VO,
and standing up frequency was strong, and VO, increased
linearly with increase in standing up frequency. It is possi-
ble that the total muscle mass involved in the STSE increas-
es as the speed of standing up also increases, and a response
from the cardiovascular-respiratory system is elicited by the
increase in the total muscle mass!?. However, Shiomi” in-
dicated VO, increases in a logarithmically function with in-
crease in standing up frequency. The difference between the
two study methods is the setting of the height of the chair.
In Shiomi’s report”), the height of the chair was set at just
41 cm, which is lower than that used in our study. A lower
height of chair requires greater muscle activities in the legs,
and causes greater fatigue in the leg muscles!®. This fatigue
may cause an inability to elicit a greater response from the
cardiovascular-respiratory system. Thus, the setting height
of the chair is important for a linear increase in VO,, and
the setting in our study appears to be adequate.

The incremental increases in VO, and other physiologi-
cal indexes confirm that the STSE test produces a gradual
physiological response to exercise of increasing intensity,
and these have been needed to determine the AT and es-
timate some sort of physical capacity* >. With regards to
the ISWT, a strong relationship between walking distance
(measured up to ability to maintain walking speed) and
VO,max has been reported, and therefore, VO,max can be
used to predict walking distance® ). In the STSE, elderly
people may not be able to maintain the required speed when
the activity at high frequencies is faster (e.g. greater than
24 times/min). Similar to the ISWT, the STSE may also
be a potentially useful measurement for the prediction of
physical capacity such as VO,max from the standing up
frequency.

The results of our present study suggest workload (VO,,
HR), adjusted by changing the standing up frequency, in the
STSE can exceed the AT, but we did not determine whether
the AT can be determined from the STSE directly, and this
will need to be verified in future studies. Furthermore, the
validity and reliability of the AT determined by the STSE
will need to be investigated.

Also, because knee pain may be provoked when elderly
people conduct the STSE, the height of the chair will need
further consideration. Moreover, using the arms to push off
when standing up may decrease the knee pain, and the rela-
tionship between the physiological workload and standing
speed with arm push-off will have to be examined.

In conclusion, the STSE is a simple test which varies
only the frequency of standing up. We propose that the
STSE could be conducted with a relatively low risk for
healthy young adults. The physiological workload when the
standing up frequency is greater than 24 times/min is great-
er than the AT. Therefore, the STSE may be a potentially
useful test for determining AT and predicting the physical
capacity of patients who are unable to perform the tasks
used in other methods of evaluation.

REFERENCES

1) Koike A, Hiroe M, Adachi H, et al.: Anaerobic metabolism as an indicator
of aerobic function during exercise in cardiac patients. J Am Coll Cardiol,
1992, 20: 120—126. [Medline] [CrossRef]

2) Ito H, Taniguchi K, Koike A, et al.: Evaluation of severity of heart failure
using ventilator gas analysis. Circulation, 1990, 81: I1-31-11-37.

3) Wasserman K, Whipp BJ, Koyl SN, et al.: Anaerobic threshold and respi-
ratory gas exchange during exercise. J Appl Physiol, 1973, 35: 236-243.
[Medline]

4)  Singh SJ, Morgan MD, Hardman AE, et al.: Comparison of oxygen uptake
during a conventional treadmill test and the shuttle walking test in chronic
airflow limitation. Eur Respir J, 1994, 7: 2016-2020. [Medline]

5) Singh SJ, Morgan MD, Scott S, et al.: Development of a shuttle walking
test of disability in patients with chronic airways obstruction. Thorax,
1992, 47: 1019-1024. [Medline] [CrossRef]

6) Kamimura S, Akiyama S: The relationship between sit-to-stand frequency
and anaerobic threshold determined by cycle ergometer. J Phys Ther Sci,
2011, 23: 53-55. [CrossRef]

7) Shiomi T: A study on the development of new exercise stress test using
standing-up exercise. J Kyorin Med Soc, 1994, 25: 493-504 (in Japanese).

8) Jones CJ, Rikli RE, Beam WC: A 30-s chair-stand test as a measure of low-
er body strength in community-residing older adults. Res Q Exerc Sport,
1999, 70: 113-119. [Medline] [CrossRef]

9) Bohannon RW: Test-retest reliability of the five-repetition sit-to-stand test:
a systematic review of the literature involving adults. J Strength Cond Res,
2011, 25: 3205-3207. [Medline] [CrossRef]

10) Hulley SB, Cummings SR, Browner WS, et al.: Designing clinical re-
search, 4th ed. Philadelphia: Lippincott Williams & Wilkins, 2013, p 79.

11) American College of Sports Medicine: American College of Sports Medi-
cine’s Guideline For Exercise Testing and Prescription, 9th ed. Philadel-
phia: Lippincott Williams & Wilkins, 2013, p 87.

12) Wasserman K, Hansen JE, Sue DY, et al.: Principles of Exercise Testing
and Interception, 5th ed. Philadelphia: Lippincott Williams & Wilkins,
2012, pp 52-61.

13) Gross MM, Stevenson PJ, Charette SL, et al.: Effect of muscle strength and
movement speed on the biomechanics of rising from a chair in healthy el-
derly and young women. Gait Posture, 1998, 8: 175—185. [Medline] [Cross-
Ref]

14) Yamada T, Demura S: Influence of the relative difference in chair seat
height according to different lower thigh length on floor reaction force and
lower-limb strength during sit-to-stand movement. J Physiol Anthropol
Appl Human Sci, 2004, 23: 197-203. [Medline] [CrossRef]

15) Ericson MO, Nisell R, Arborelius UP, et al.: Muscular activity during er-
gometer cycling. Scand J Rehabil Med, 1985, 17: 53—61. [Medline]


http://www.ncbi.nlm.nih.gov/pubmed/1607512?dopt=Abstract
http://dx.doi.org/10.1016/0735-1097(92)90147-F
http://www.ncbi.nlm.nih.gov/pubmed/4723033?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7875275?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1494764?dopt=Abstract
http://dx.doi.org/10.1136/thx.47.12.1019
http://dx.doi.org/10.1589/jpts.23.53
http://www.ncbi.nlm.nih.gov/pubmed/10380242?dopt=Abstract
http://dx.doi.org/10.1080/02701367.1999.10608028
http://www.ncbi.nlm.nih.gov/pubmed/21904240?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e318234e59f
http://www.ncbi.nlm.nih.gov/pubmed/10200407?dopt=Abstract
http://dx.doi.org/10.1016/S0966-6362(98)00033-2
http://dx.doi.org/10.1016/S0966-6362(98)00033-2
http://www.ncbi.nlm.nih.gov/pubmed/15599063?dopt=Abstract
http://dx.doi.org/10.2114/jpa.23.197
http://www.ncbi.nlm.nih.gov/pubmed/4023660?dopt=Abstract

