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Abstract
The aim of this study was to evaluate the timed sit-to-stand (STS) test performances of healthy young adults and to investigate the
relationship of timed STS tests with 6-minute walk test (6MWT). A cross-sectional study was performed. A total of 40 healthy
volunteers (mean age: 21.7±1.2 years) were evaluated with 10, 30, and 60seconds STS tests and 6MWT. Fatigue and shortness of
breath were rated using Borg category-ratio scale (CR10) before and after each test. Weekly energy expenditures of volunteers were
calculated using International Physical Activity Questionnaire. 30 and 60seconds STS tests weremoderately (r=0.611 and r=0.647,
respectively) (P< .001) and 10seconds STS test was weakly (r=0.344) (P= .028) correlated with 6MWT. Among correlations of each
STS test with 6MWT, none of them was statistically stronger to one another (P> .05). Borg fatigue scores after 10, 30, and
60seconds STS tests were weakly correlated with fatigue score after 6MWT (r=0.321, r=0.378, and r=0.405, respectively)
(P< .05). Weekly energy expenditure (MET-min/week) was moderately correlated with 10, 30, and 60seconds STS tests and 6MWT
(r=0.533, r=0.598, r=0.598, and r=0.547, respectively) (P< .001). Considering the statistically significant relationship between
timed STS tests and 6MWT, any of the timed STS tests may be used for a quick and alternative measurement of physical
performance and functional capacity in healthy young adults.

Abbreviations: 10sSTS = 10 seconds sit-to-stand, 30sSTS = 30 seconds sit-to-stand, 60sSTS = 60 seconds sit-to-stand,
6MWT = 6-minute walk test, BMI = body mass index, CI = confidence interval, COPD = chronic obstructive pulmonary disease,
IPAQ-SF = International Physical Activity Questionnaire —Short Form, MET = metabolic equivalent, STS = sit-to-stand.
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1. Introduction

Functional capacity is the ability to perform activities of daily
living that require sustained aerobic metabolism. The integrated
efforts and health of the pulmonary, cardiovascular, and skeletal
muscle systems dictate an individual’s functional capacity.[1] For
assessing functional capacity, cardiopulmonary exercise tests are
commonly used to measure maximal oxygen consumption
(VO2max) directly.[2] But, since most of the daily activities do
not require maximal effort, the term of functional capacity is also
used to express an individual’s capacity to perform submaximal
activities.[1] Therefore, physical performance tests like the 6-
minute walk test (6MWT), shuttle walk test and timed get up and
go test may also be used for assessing the functional capacity.[3]

The 6MWT is easy to apply and does not require any special
equipment, therefore it is widely used in clinical practice.[4]

Although, the 6MWT was first designed for using in older

individuals or rehabilitation patients, it is now recognized for
broader ability to predict functional capacity in all individuals.
To date, the 6MWTwas found to be correlated with the mobility
related function, standing balance, and walk speed.[5]

The sit-to-stand (STS) test is a measure of mobility related
function[5] and physical performance,[6] and it has been generally
used to assess older population.[7] There are several options for
assessing STS performance, including those does not require
timing and those that are dependent on timing.[7] In the studies
that investigate the relationship between the timed STS tests and
physical performance parameters, correlations of the number of
repetitions in STS test with the maximum walking speed[8] in 10
seconds STS (10sSTS) test and with the 6MWT distance in 60
seconds STS (60sSTS) test[9] have been reported.
It is not only the older patients who have diseases that might

affect their functional capacity. Young patients with these kinds
of diseases should also be tested and compared to healthy
youngsters. Therefore, normative data on the functional capacity
of the healthy individuals for all age spans is needed. The 6MWT
is already validated for young people and it is the most common
test for assessing the functional capacity in clinical setting but, it
has troublesome logistical requirements such as 30 meter
corridor and time constraints (total test time of 20–25 minutes)
and occasionally it may be difficult to test the individuals with
severely limited mobility with the 6MWT.
Since both the 6MWT and STS tests are considered physical

performance tests, it is hypothesized that the STS tests may be
correlated with the 6MWT and therefore a useful alternative for
assessing the functional capacity of young adults, especially as a
substitute test for patients with the limited functional capacity.
Since the individual physical features, especially body height, may
affect STS test results, the demographic data is also included in
the correlation analyses. Additionally, the relationship between
the participants’ amount of physical activity participation and
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their physical performance on these tests was investigated to help
control for the effect of physical activity participation or
sedentary behavior on test results. Finally, to investigate whether
the STS tests are as physically demanding as the 6MWT,
correlation between the fatigue levels after each STS test and the
fatigue level after 6MWT was analyzed. Thus, aim of this study
was to evaluate the STS test performance of young adults by
studying the STS tests and their correlations with the 6MWT,
while also studying the impact of physical activity participation
on these performance measures.

2. Methods

2.1. Study population

Among 57 volunteers aged between 18 and 25, 40 volunteers (20
females, 20 males; mean age: 21.7±1.2 years) were found eligible
and included in this cross-sectional study. A university notice board
was used to recruit the volunteers who are students in the school of
physiotherapy and rehabilitation. In order to collect a homogeneous
sample in terms of physical performance and to eliminate the factors
that might lead to an impaired performance on physical tests,
exclusion criteria were determined as; history of regular sports
participation or current participation in sports activities, smoking,
recent hospitalization, the presence of diagnosed chronic diseases
that can affect exercise capacity, diagnosed visual and/or vestibular
disorders and pathologies, and pain in the lower extremities that can
affect mobilization abilities (traumas, fractures, etc.). The aim of the
study and testing methods were explained to the participants in
advance and written informed consent was obtained before testing.
This study was approved by the Research Ethics Committee of a
university hospital and conducted according to the Declaration of
Helsinki. The Study was conducted in the Physiotherapy and
Rehabilitation Division of a university.

2.2. Sit-to-stand tests

STS tests were carried out according to Bohannon’s 2012
guideline.[7] A standard (45cm) chair with no arm rests was used
for testing. Each participant was asked to come forward on the
chair seat until his/her feet are flat on the floor then instructed to
stand up all the way until his/her knee and hip are fully extended
and sit down while upper limbs were folded across the chest.
Then, participants were instructed to perform this maneuver as
fast as possible for 10, 30, or 60 seconds according to the test
type. When the time of the test had elapsed, the participant was
instructed to stop and the number of completed STS repetitions
was recorded.

2.3. Six-minute walk test

The 6MWT was applied according to the “American Thoracic
Society” guideline.[4] Before testing, participants were placed on a
chair at the beginning of a 30-meter corridor to rest for at least 10
minutes. Participants were informed about testing with stan-
dardized phrases. Every minute, researcher encouraged subjects
to continue walking and informed them of the time elapsed. After
the test, participants’ walking distance was measured and
recorded.

2.4. Fatigue and shortness of breath

Fatigue and shortness of breath were assessed with Borg Scale
(category-ratio scale; CR10). Participants were asked to mark

their level of fatigue and shortness of breath on the Borg Scale (0
point: none, 10 point: maximum) before and immediately after
each STS test and the 6MWT. For fatigue and shortness of breath,
the anchors were 0 for no fatigue/shortness of breath and 10 for
maximum fatigue/shortness of breath.[10]

2.5. Physical activity participation

Physical activity levels of participants were assessed with “The
International Physical Activity Questionnaire—Short Form
(IPAQ-SF) (2004).” The IPAQ-SF includes 7 questions divided
into frequency, intensity, and duration of participation in
physical activities at low (walking), moderate and vigorous
levels, and total physical activity per week. The data collected are
reported as continuous data [expressed as metabolic equivalent
(MET-min/week)] and as a categorical score [divided into low
(<600MET-min/week), moderate (600–3000MET-min/week),
and high (>3000MET-min/week) activity level].[11]

2.6. Procedure

All participants performed the 6MWT and the STS tests (10sSTS,
30sSTS, and 60sSTS tests) consecutively on the same day. The
order of the 6MWT and STS tests and the order of the STS
subtests were determined by a random draw. A 30 minute rest
period was given between the 6MWT and the STS tests. Five
minute intervals were given between each STS test. Fatigue and
shortness of breath were rated using the Borg Scale before and
immediately after each test.

2.7. Analysis

In the literature, moderate-to-strong correlations (r=0.410 to
0.780)[7,9,12] were reported for the relationship between STS tests
and the various physical performance measures. Considering
this, to achieve at least a moderate correlation with the
correlation coefficient of 0.450 in this study, it is calculated
that the minimum number of 36 individuals[13] were needed to
detect this correlation with the study power of 80% and the
confidence level of 95%.
Data distribution was assessed with Kolmogorov–Smirnov and

Lilliefors tests. For analyzing the relationship of STS tests with the
6MWT distance and weekly energy expenditure (MET-min/
week); demographic features with the STS tests and the 6MWT;
and fatigue levels after the STS tests with the fatigue level after the
6MWT, Pearson correlation analysis was used for normally
distributed data and Spearman correlation analysis was used for
non-normally distributed or ordinal data. Correlation coeffi-
cients of STS tests with the 6MWT were compared with each
other by Zou’s confidence interval (CI) approach for dependent
overlapping correlations[14] using COCOR package[15]. The
results were considered significant with P values< .05. “Statisti-
cal Package for the Social Science (SPSS) Version 20.0” was used
for analysis (SPSS Inc., Chicago).

3. Results

Demographics and test results (weekly energy expenditure,
6MWT, 10sSTS, 30sSTS, and 60sSTS tests) and fatigue levels
after each STS test and the 6MWT of participants are shown in
Table 1. According to the body mass index classification of
World Health Organization, 2 participants (5%) were under-
weight (below 18.5kg/m2); 31 participants (78%) were normal
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(18.5–24.9kg/m2), and 5 participants (17%) were preobese
(25.0–29.9kg/m2). Of these, 26 (65%) had moderate physical
activity level, and 14 (35%) had high physical activity level. None
of the participants had low physical activity levels. The resting
Borg Scores of fatigue of the participants were “zero” before the
6MWT and STS tests. Also they did not experience shortness of
breath before or after the tests. None of the participants had an
experience in performing functional exercise tests. All partic-
ipants had the same ethnicity.
Of the demographic and physical variables of interest (age,

height, weight, BMI), only body height was moderately
correlated with the 6MWT. In relation to the demographic data
with STS performances, no significant variation was observed.
Both 6MWT and STS tests were also moderately correlated with

weekly energy expenditure of participation in physical activity
(Table 2).
6MWT distance was weakly correlated with the 10sSTS test

andmoderately correlated with 30sSTS and 60sSTS tests (Table 3
and Fig. 1).
There are no significant differences between the correlation of

10sSTS test with the 6MWT and 30sSTS test with the 6MWT
(rD=�0.053 [CI: �0.301 to 0.188]); 10sSTS test with the
6MWT and 60sSTS test with the 6MWT (rD=�0.076 [CI:
�0.319 to 0.156]); 30sSTS test with the 6MWT and 60sSTS test
with the 6MWT (rD=�0.023 [CI: �0.253 to 0.203]) indicating
none of the correlations were statistically stronger to one another.
Borg scores of fatigue after each STS test were weakly

correlated with the Borg score of fatigue after the 6MWT
(Table 3).

4. Discussion

In the present study, 6MWT was found to be weakly correlated
with 10sSTS test (P= .028) and moderately correlated with
30sSTS and 60sSTS tests (P= .000). Borg scores of fatigue after
10s-30s-60sSTS tests were weakly correlated with the Borg score
of fatigue score after 6MWT (P< .05). Weekly energy expendi-
ture was moderately correlated both with the 6MWT and all STS
tests (P< .05).
Previous studies that have implemented the 6MWT in healthy

adults have usually included broad age range groups. The average
reported distance covered in the 6MWT was 698±96m in 20 to
40-year-old subjects[16] and 614±56m in 20 to 50-year-old
subjects.[17] In a younger population (age of 16–18), the average
6MWT distance is reported 725±61m for men and 664±50m
for women.[18] In an 18-year-old sample, the average 6MWT
distance was reported ranging from 541±109 to 561±92m.[19]

The average 6MWT distance of 667 m in the present study is
higher than the 18-year-old sample but similar to other studies.

Table 1

Demographic data and test results of participants (n=40).
Age, years 21.7±1.2
Gender (female/male) 20 (%50) /20 (%50)
Height, m 1.68±0.09
Weight, kg 65.5±12.6
BMI, kg/m2 21.9±2.61
Resting heart rate, beats/min 84.1±12.1
Weekly energy expenditure (MET-min/week) 2706±1778
6MWT, m 667±55.9
10sSTS test repetitions (n) 8.3±1.6
30sSTS test repetitions (n) 23.6±4.35
60sSTS test repetitions (n) 45.2±9.56
10sSTS test Borg Score 1 [0–3]
30sSTS test Borg Score 2 [0–4]
60sSTS test Borg Score 5 [1–10]
6MWT Borg score 4 [1–7]

60sSTS test=10-, 30-, 60-seconds sit-to-stand test; 6MWT=6minute walk test, BMI=body mass
index, MET=metabolic equivalent,

Table 2

Correlation of participants’ demographic data and weekly energy expenditure with 6MWT and STS test repetitions (n=40).

6MWT, m 10sSTS test repetitions (n) 30sSTS test repetitions (n) 60sSTS test repetitions (n)

Height, m r 0.598 0.381 0.270 0.275
p .000 .06 .10 .18

Weight, kg r 0.320 0.255 0.142 0.239
p .08 .16 .44 .19

BMI, kg/m2 r �0.001 �0.027 �0.072 0.046
p .99 .89 .70 .80

Weekly energy expenditure (MET-min/week) r 0.547 0.533 0.598 0.598
p .000 .001 .000 .000

6MWT=6-minute walk test, 6MWD=6-minute walk distance; 10sSTS test, 30sSTS test, 60sSTS test=10-, 30-, 60-seconds sit-to-stand test, BMI=body mass index, MET=metabolic equivalent, STS= sit-
to-stand.

Table 3

Correlation of 6MWT with STS test repetitions and 6MWT Borg Score with STS tests Borg Scores (n=40).

10sSTS test repetitions (n) 30sSTS test repetitions (n) 60sSTS test repetitions (n)

6MWT, m r 0.344 0.611 0.647
p .028 .000 .000

10sSTS test
Borg Score

30sSTS test
Borg Score

60sSTS test
Borg Score

6MWT Borg Score r 0.321 0.378 0.405
p .041 .015 .009

6MWT=6-minute walk test, 10sSTS test, 30sSTS test, 60sSTS test=10-, 30-, 60-seconds sit-to-stand test, STS= sit-to-stand.
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This may be explained by the fact that the average age in the
present sample is close to 18 years; they are adults nonetheless
and have a better physical performance compared to individuals
in the upper age limit of adolescence.
The average 60sSTS test performance is reported 50 repetitions

for men and 47 repetitions for women in 20 to 24-year-old
subjects.[20] In the present study, the average 60sSTS test
performance of the subjects was 45 repetitions which is similar
to the results of the aforementioned study. 10sSTS and 30sSTS
tests results were 8 and 24 repetitions, respectively, in the present
study. According to this, it is noteworthy that as the duration of
STS test increased, the number of the completed repetitions in
STS test proportionally increased (Table 1). To the best of our
knowledge, no clinical study is present in the literature that uses
10 or 30seconds STS test in healthy young adults to compare
with these results.
It is reported that 10sSTS test is correlated with knee extension

force (r=0.41–0.65)[8,21] and 30sSTS test is correlated with leg
press strength (r=0.71–0.78)[12] in a population over age of 60.
Moreover, 10sSTS test is found to be correlated with maximum
walking speed (r=0.73)[8] and stair climbing performance (r=
0.56).[21] Ozatevli et al[9] reported a significant relationship
between 60sSTS test performance and the 6MWT in chronic
obstructive pulmonary disease (COPD) patients (r=0.75) and
healthy controls (r=0.54) who are over the age of 60. These
results are noteworthy since there is a difference between the
correlation coefficients of healthy controls and COPD patients.
But, authors state that this may be due to the limited number of
healthy subjects. The results of the aforementioned studies are in
consistent with the study of Bennell et al[6] which emphasizes that
the timed STS tests evaluate (a) individual’s ability to rise from a
chair; (b) the muscle strength of trunk and lower extremities; (c)
physical performance of the individual. In the present study,
correlation coefficients between the STS tests and the 6MWT
were moderate as in aforementioned studies. But, as Ozatevli et al
states, this may be due to the relatively small sample size of the
present study. Nevertheless, considering all STS tests had a
statistically significant correlation with the 6MWT, it can be
conjectured that the STS tests may be used to assess the functional
performance in healthy young adults as well.
Soaresa and Pereira[22] investigated the reference values of the

6MWT in 20 to 80-year-old healthy adults and reported that the

Borg fatigue score of 6MWT was minimum: 0—maximum: 5. In
the present study, participants’ median of reported fatigue score
was 4 [minimum: 1—maximum: 7] on a Borg scale after the
6MWT. Median of Borg fatigue scores after 10sSTS test, 30sSTS
and 60sSTS tests were 1 [0–3]; 2 [0–4]; 5 [1–10], respectively.
Borg score after the 6MWT was found to be significantly
correlated with Borg scores after 10seconds, 30seconds, and
60sSTS tests. Although the correlations were weak, it may still be
said that the physical demand of the STS tests, especially 30
seconds and 60seconds tests, are similar to the 6MWT and this
strengthens the assumption that the STS tests and the 6MWT are
consistent with one another regarding the functional capacity
assessment. Comparing the results of themaximum fatigue scores
after the tests, it is observed that the maximum fatigue caused by
the 60sSTS test (which is 10) is even higher than the maximum
fatigue score after 6MWT (which is 7), indicating that the 60sSTS
test is maybe more physically demanding than the 6MWT. This
may be especially important for patients, because it indicates that
the patients may need to rest during 60STS test.
In the present study, weekly energy expenditure was found to

be correlated with both the 6MWT and 10seconds, 30seconds,
and 60seconds STS tests. It may be assumed that as the individual
is more physically active, results of performance measures like the
6MWT or STS test will get better. This assumption is supported
byWarburton et al[23] who reports the health benefits of physical
activity including improvements in cardiopulmonary function. A
dose–response relationship between physical activity and health
benefits is reported.
As a limitation, correlation results in the present study could

not be compared to a similar aged population because in the
literature STS studies generally include elderly population or
broad age range groups. Future studies should analyze these
correlations in healthy young adults and the young individuals
with diseases that may affect the functional capacity. Also,
discriminatory power of the each STS test for assessing the
functional capacity should be investigated extensively for these
populations. Lastly, sample size of the present study was
relatively small and the results may not be representative for
the whole age span of young adults since the study included the
volunteers aged between 18 and 25 years. Future studies with
larger sample sizes and broader age groups in young adults are
needed on this topic.

Figure 1. Scatter plot for the correlations of the number of repetitions in each sit-to-stand test with the maximum distance walked in 6-minute walk test. P< .05 for
each plot. 6MWT=6-minute walk test, 10sSTST=10seconds sit-to-stand test, 30sSTST=30seconds sit-to-stand test, 60sSTST=60seconds sit-to-stand test.
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5. Conclusion

In this study, 10sSTS test was weakly and, 30 and 60seconds STS
tests were moderately correlated with the 6MWT. Comparative
analysis of the correlations did not show a significant difference
indicating none of the STS tests had an advantage over another
for predicting the 6MWT. This result suggests that even a less
physically demanding test like 10sSTS may provide evidence
based data regarding the functional capacity.
Clinical Significance: (1) In observational or interventional

studies which involve the assessment of functional capacity or
physical performance of young adults, any of the timed STS tests
may be used to gather related data especially when the 6MWT is
not logistically possible to perform. (2) Results of the STS tests in
young adults may provide a comparative data for evaluating the
functional capacity of the patients with various diseases in the
same age span.
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