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A B S T R A C T

Background: Similar to six-minute walk test (6MWT), sit-to-stand test (STST) is a self-paced test which elicits
sub-maximal effort; therefore, it is suggested as an alternative measurement for functional exercise capacity
in various pulmonary conditions including COPD and cystic fibrosis. We aimed to investigate the association
between 30-second STST (30s-STST) and 6MWT in both children with bronchiectasis (BE) and their healthy
counterparts, as well as exploring cardiorespiratory burden and discriminative properties of both tests.
Methods: Sixty children (6 to 18-year-old) diagnosed with non-cystic fibrosis BE and 20 age-matched healthy
controls were included. Both groups performed 30s-STST and 6MWT. Test results, and heart rate, SpO2 and
dyspnea responses to tests were recorded.
Results: Univariate analysis revealed that 30s-STST was able to explain 52% of variance in 6MWT (r = 0.718,
p<0.001) in BE group, whereas 20% of variance in healthy controls (r = 0.453, p = 0.045). 6MWT elicited
higher changes in heart rate and dyspnea level compared to 30s-STST, indicating it was more physically
demanding. Both 30s-STST (21.65§5.28 vs 26.55§3.56 repetitions) and 6MWT (538§85 vs 596§54 m) were
significantly lower in BE group compared to healthy controls (p<0.01). Receiver operating characteristic
(ROC) curve analysis revealed an area under the ROC curve (UAC) of 0.765 for 30s-STST and 0.693 for 6MWT
in identifying the individuals with or without BE (p<0.05). Comparison between AUCs of 30s-STST and
6MWT yielded no significant difference (p = 0.466), indicating both tests had similar discriminative
properties.
Conclusions: 30s-STST is found to be a valid alternative measurement for functional exercise capacity in chil-
dren with BE.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

Bronchiectasis (BE) is a persistent or progressive condition charac-
terized by dilated thick-walled bronchi. The underlying pathological
process is damage to the airways which results from an event or
series of events where inflammation is central to the process.1,2 Most
prominent symptom of BE is daily expectoration of large volumes of
purulent sputum, but patients also experience various non-specific
respiratory symptoms including shortness of breath, chest pain and
reduced exercise capacity.2,3 Underlying mechanisms for reduced
exercise capacity in BE include, but are not limited to altered pulmo-
nary mechanics, inefficient gas exchange, decreased muscle mass,
fatigue and sedentary lifestyle.2,4�8 Guidelines recommend including
exercise capacity measurements in the management of BE since they
identify functional limitation that would not be predicted by lung
function testing or high-resolution computed tomography (HRCT)
scanning. A detailed exercise testing may be performed using an
exercise bike or treadmill in a laboratory setting or sub-maximal tests
such as 6�min walk test (6MWT) or incremental shuttle walk test
(ISWT) may be applied for the evaluation of functional exercise
capacity in these patients. It is also recommended that exercise test-
ing would be a part of pulmonary rehabilitation programs since phys-
iotherapy and exercise training are shown to improve not only the
airway clearance but also patient’s physical functioning.2,3

The 6�min walk test is widely used to measure functional exer-
cise capacity in both clinical and research setting in various cardio-
pulmonary diseases.9 It is found to be valid and reliable test for
patients with BE as well.10 6MWT provides a global assessment for
functional exercise capacity, since the test performance is dictated by
the musculoskeletal and volitional factors as well as underlying car-
diopulmonary pathology. Daily activities require a submaximal
effort; thus, it is stated that 6MWT may reflect the ability to perform
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daily activities better than laboratory tests.9,11 6MWT requires no
major equipment, however it requires a substantial space (a 30-m
corridor) and testing time (above 10 min, considering pre- and post-
test resting periods) which may limit its applicability. It is also sensi-
tive to variation in verbal instructions.12

A growing number of studies present sit-to-stand test (STST) as a
time-saving alternative for evaluating exercise capacity in various
pulmonary conditions, including COPD,13�15 cystic fibrosis (CF)16,17

and lung transplantation.18 Although STST involves a more specific
muscle group compared to 6MWT,19 both tests are self-paced and
elicit submaximal effort. Ability to perform sit-to-stand maneuver is
essential for daily activities and an indicator for mobility related func-
tion.20 Both STST and 6MWT reflect functional status and this may
explain the suggestion of STST as an alternative to 6MWT in the liter-
ature. Various STST protocols were implemented in studies which
include the repetition of sit-to-stand maneuver in a given period of
time or the time required to complete a given number of maneuvers.
Most studies use 30-second STST (30s-STSTS) or 1-minute STST
(1min-STST) and include COPD patients. Both 30s- and 1min-STST
demonstrate significant correlations with 6MWT.13,14 However, these
studies solely include adult patients. To our knowledge, there is no
study present in the literature that investigate the relationship
between STST and 6MWT in children with any pulmonary conditions.
Only a single study demonstrates that 1min-STSTS is valid and reli-
able alternative to 6MWT for evaluating cardiorespiratory demand in
healthy children.21

Considering the significant relationship between STST and 6MWT
in various pulmonary conditions, we hypothesized that 30s-STST
may be used to determine functional exercise capacity in a similar
manner as 6MWT in children with BE as well. Thus, our primary aim
in this study was to investigate the relationship between 30s-STST
and 6MWT in both children with BE and healthy controls. We also
aimed to compare the cardiorespiratory responses to 30s-STST and
6MWT to each other in order to analyze whether two tests elicit simi-
lar cardiorespiratory responses. Also, the discriminative properties of
30s-STST and 6MWT in identifying the subjects with or without BE
was compared, and the influence of spirometric variables on test per-
formances were investigated. Lastly, we analyzed the influence of
body height on STST performance to be able to discuss the utility of
STST in children with shorter stature.
Methods

Subjects

Sixty children (6 to 18-year-old) diagnosed with BE who were
being followed in the division of pediatric chest diseases of a univer-
sity hospital, and twenty age-matched healthy controls were
included in the study. Inclusion criterion for BE group was the diag-
nosis of non-cystic fibrosis BE. Considering the children with BE may
present with a wide spectrum of lung function, the study did not
have any clinical criterion for inclusion of BE patients, such as forced
expiratory flow in 1 s (FEV1) or forced vital capacity (FVC) . This
helped obtaining a study sample which represents the BE population
more accurately. Exclusion criteria were hospitalization history in
past month, diagnosis of other chronic pediatric diseases which may
impair exercise tolerance such as cerebral palsy or neuromuscular
disease, candidates for lung transplantation and history of lung trans-
plantation. Healthy volunteers were recruited via a notice board in
the pediatric chest diseases policlinics. Volunteers were mostly con-
sisted of the relatives of the BE patients. Inclusion criterion for
the healthy control group was not having any diagnosed chronic
diseases.
Study design

A prospective, cross-sectional and comparative study was con-
ducted. BE group and healthy controls performed 30s-STST and
6MWT consecutively on the same day. Each participant determined
which test to perform first by choosing one of two envelopes specify-
ing 30s-STST or 6MWT. A rest interval of 30 min was given between
tests to avoid muscle fatigue. Relationship between STST and 6MWT
were explored in both groups. Cardiorespiratory responses to 30s-
STST and 6MWT were compared to each other. The ability of 30s-
STST and 6MWT in identifying subjects with a disease was explored
and discriminative properties of the two tests were compared. Influ-
ence of spirometric variables on 30s-STST and 6MWT was analyzed
in BE group. Influence of body height on STST performance was also
investigated.

The study was approved by the Ethics Committee of Bezmialem
Vakif University (Approval number: 18/354) and registered to Clini-
calTrials.gov website (registration number: NCT04153448) before the
inclusion of first participant. The study was conducted in accordance
with the Helsinki Declaration and written informed consents were
obtained from both the children themselves and the parents or
guardians of each child.

Pulmonary function

Pulmonary function test was performed using a spirometer (Pony
FX; COSMED, Italy) according to the guideline of American Thoracic
Society (ATS) and European Respiratory Society (ERS).22 FVC, FEV1,
FEV1/FVC and peak expiratory flow (PEF) were measured and
expressed as percentages of the predicted values.23

Sit-to-stand test

The 30s-STST was performed according to the most common pro-
tocol described for COPD patients.14 A standard, armless chair with a
height of 46 cm was used for testing. The chair was stabilized against
a wall. Participants were asked to sit on the chair, come forward until
their feet are flat on the floor and fold their upper limbs across the
chest. Then, they were instructed to stand all the way up until their
legs are completely straight and sit back down until their bottom
have a clear contact with the chair as fast as possible for 30 s. Patients
were not verbally encouraged during testing. Number of completed
sit-to-stand repetitions in 30 s was recorded.

Six-minute walk test

The 6MWT was performed according to the guideline of ATS.24

The test was applied in a 30-m long corridor and participants were
instructed to rest at least for 5 mins on a chair before testing. All par-
ticipants were informed with the same statements before testing.
Every minute during the test, a supervisor verbally encouraged the
participants with same phrases and informed them about the time
remaining. Participants were allowed to rest during testing but
instructed to continue walking as soon as they are able. The distance
walked in six minutes was recorded in meters.

Cardiorespiratory responses

Heart rate, pulse oxygen saturation (SpO2) and dyspnea level were
recorded before and immediately after each test. Heart rate and SpO2

were measured using a pulse oximeter (Beuer oximeter; Beurer
GmbH, Germany) connected to the index finger. During 6MWT, �4%
decrease in SpO2 was considered significant desaturation, while <4%
decrease was considered normal.25 Dyspnea was rated on the Modi-
fied Borg Scale. The anchors were ‘00 for no dyspnea and ‘100 for max-
imum dyspnea.26



Table 1
Demographics and clinical characteristics of participants.

Bronchiectasis
(n = 60)

Healthy Controls
(n = 20)

p value

Age (years) 10.87§3.46 10.70§3.31 0.851
Gender (boys/girls) 34 (57%) / 26 (43%) 10 (50%) / 10 (50%) 0.615
Height (m) 1.39§1.93 1.40§1.64 0.961
Height (Z-score) �0.01§1.04 0.01§0.09 0.961
Weight (kg) 36.23§14.18 39.32§17.65 0.431
Weight (Z-score) �0.05§0.94 0.15§1.17 0.431
Body mass index
(kg/m2)

17.75§3.13 19.12§4.99 0.268

Body mass index (Z-
score)

�0.09§0.85 0.27§1.35 0.268

Resting heart rate
(beats/min)

93.92§9.76 89.60§11.98 0.110

Resting SpO2 (%) 97.80§0.83 98.55§0.88 0.001
Resting Borg Dys-
pnea (0�10)

0.10§0.40 0 0.268

Etiology of bronchi-
ectasis (n)

Post-infectious 28 (47%)
Primary ciliary
dyskinesia

17 (28%)

Idiopathic 11 (18%)
Immunodeficiency 4 (7%)
No. of bronchiectatic
lobes (n)

1 15 (25%)
2 21 (35%)
3 or more 24 (40%)
Pulmonary Function
Test

FVC (pred%) 84.35§16.36
FEV1 (pred%) 75.73§19.77
FEV1/FVC (%) 88.65§15.56
PEF (pred%) 73.12§24.48

Abbreviations: FVC, forced vital capacity; FEV1, forced expiratory volume in 1 sec-
ond; PEF, peak expiratory flow.
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Statistical analysis and sample size

Statistical analysis was conducted using SPSS 20.0 statistical pro-
gram (SPSS Inc., USA). Distribution of data was analyzed using Kol-
mogorov-Smirnov test, histograms and QQ-plots. Paired Sample T-
test or Wilcoxon Test was used for within-group comparisons and
Independent Samples T-test or Mann Whitney U test was used for
between-groups comparisons depending on the distribution proper-
ties of the data. Categorical variables were compared between groups
using Chi-square Test. A univariate linear regression was conducted
to analyze the relationship between 30s-STST and 6MWT for each
group. Receiver operating characteristic (ROC) curve analysis was
conducted to detect the ability of 30s-STST and 6MWT in identifying
subjects with or without BE, and areas under the ROC curve (UAC) of
30s-STST and 6MWT were compared using Hanley-McNeil method.27

Influence of spirometric results and resting cardiorespiratory varia-
bles on 30s-STST and 6MWT, and the relationship between body
height and STST performance was analyzed using Pearson correlation
analysis. The results were considered statistically significant with p
values <0.05.

Our primary aim in this study was to investigate the relationship
of 30s-STST with a well-accepted functional exercise capacity mea-
sure, i.e. 6MWT using correlation analysis to determine whether STST
yields results in parallel with 6MWT. For this reason, sample size cal-
culation for the study was based on the correlation coefficient that is
expected to be detected between STST and 6MWT. Unfortunately,
there was no study present in the literature that investigated the
relationship between STST and 6MWT in BE to determine a possible
correlation coefficient for our study. However, correlation coefficients
ranging from 0.470 to 0.750 were reported for the relationship
between STST and 6MWT in COPD.13 Similarly, correlation coefficient
of 0.660 was reported for the relationship between STST and another
exercise capacity measure which is VO2peak of cardiopulmonary
exercise test (CPET) in CF.16 Therefore, we hypothesized to detect a
significant relationship between 30s-STST and 6MWT with a correla-
tion coefficient of at least 0.350 in BE. Accordingly, sample size was
determined as 60 subjects to detect this relationship with 95% confi-
dence level and 80% power.28

Results

Demographics and clinical characteristics of participants are
shown in Table 1. BE group and healthy controls had similar charac-
teristics in terms of gender, age, body mass index, resting heart rate
and dyspnea. Resting SpO2 were significantly lower in BE group com-
pared to healthy controls. Most common cause for BE was infection.
BE group had a minor airflow obstruction indicated by FEV1 and PEF,
which were 76% and 73% of the predicted values, respectively.

Univariate linear regression analysis revealed that 30s-STST was
able to explain 52% of variance in 6MWT and there was a strong rela-
tionship between 30s-STST and 6MWT (r = 0.718, p<0.001) in BE
group. Similarly, 30s-STST explained 20% of variance in 6MWT and
significantly correlated to 6MWT (r = 0.453, p = 0.045) in healthy con-
trols (Fig. 1). 30s-STST was found to be an independent predictor for
6MWT in both BE group and healthy controls, which indicates a
strong association between those two measures. Pearson correlation
analysis revealed that spirometric or resting cardiorespiratory varia-
bles did not have a significant relationship with 30s-STST or 6MWT
(p<0.05) in BE group. Pearson correlation analysis also revealed that
body height had a ‘positive’ weak correlation with 30s-STST
(r = 0.343; p = 0.007) in BE group, and ‘positive’ but insignificant cor-
relation in healthy controls (r = 0.360; 0.119).

Results of 30s-STST and 6MWT, and cardiorespiratory responses
to each test are shown in Table 2. Variance in 30s-STST and 6MWT
results for each group are shown in Fig. 2. 30s-STST was able to dis-
criminate between BE group and healthy controls, similar to 6MWT.
Results of both 30s-STST and 6MWT were significantly lower in BE
group (p<0.01). BE group had higher desaturation of SpO2 during
both 30s-STST and 6MWT, compared to healthy controls (p = 0.02).
Changes in heart rate and dyspnea level were similar in both groups
during 30s-STST and 6MWT. Within group comparisons revealed
that 6MWT elicited higher changes in heart rate, SpO2 and dyspnea
level in BE group and, heart rate and dyspnea level in healthy controls
compared to 30s-STST, indicating that 6MWT was more physically
demanding than 30s-STST.

The AUC calculated for 30s-STST and 6MWT revealed that both
tests had discriminative values for identifying the individuals with or
without BE (p<0.05). 30s-STST had an AUC of 0.765 [95% CI:
0.658�0.871] and 6MWT of 0.693 [95% CI: 0.576�0.808]. Comparison
between AUCs of 30s-STST and 6MWT yielded no significant differ-
ence (difference between areas: 0.072; standard error of difference:
0.0989; p = 0.466), indicating that both tests had similar discrimina-
tive properties (Fig. 3).

Discussion

Our study demonstrates that there was a significant association
between 30s-STST and 6MWT in children with BE, which supports
the convergent validity of 30s-STST for evaluating functional exercise
capacity in this population. A significant association between 30s-
STST and 6MWT was also present in healthy controls, but it was
weaker than that obtained from children with BE. Similar to 6MWT,
30s-STST was also able to discriminate between BE patients and
healthy individuals, suggesting that 30s-STST is sensitive to signifi-
cant differences in functional exercise capacity. Both tests had similar
discriminative properties in identifying individuals with or without



Fig. 1. Scatter plot for the relationship between STST and 6MWT in bronchiectasis and healthy controls.

Table 2
Comparison of test results and cardiorespiratory responses of 30s-STST and 6MWT.

Bronchiectasis (n = 60) Healthy Controls (n = 20)

30s-STST 6MWT p 30s-STST 6MWT p

Test result (repetitions or m) 21.65§5.28a 538§85b 26.55§3.56a 596§54b

D Heart rate (beats/min) 16.62§10.94 42.37§15.04 <0.001 15.60§11.13 40.15§11.93 <0.001
D SpO2 (%) �0.97§1.01 �1.90§1.47 <0.001 �0.20§0.52 �0.35§0.67 0.186
D Borg dyspnea (0�10) 2.42§1.49 4.05§1.57 <0.001 2.35§1.66 4.10§1.55 <0.001

Abbreviations: 30s-STST, 30s sit-to-stand test; 6MWT, 6-min walk test.
D Change in the variable during testing.
a,b Significant between-groups difference (p<0.01).
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the disease. Heart rate, SpO2 and sensation of dyspnea responses to
30s-STST was lower than those to 6MWT and it suggests that 30s-
STST would be safer to perform for evaluating functional exercise
capacity in children with BE in terms of cardiorespiratory responses.
We also observed that spirometric variables have no significant influ-
ence on 30s-STST and 6MWT performance in children with BE.
Fig. 2. Variance in STST and 6MWT results
Although STST is widely adopted to measure functional status in
elderly population,29 a growing body of evidence supports its impli-
cation in various diseases. COPD13,14,30 is the most common disease
among pulmonary conditions in which STST has been applied. Sev-
eral studies have also included CF patients.16,17 STST protocols vary in
these studies including 5-repetition STST (5xSTST), 30s-STST and
in bronchiectasis and healthy controls.



Fig. 3. Receiver operating characteristics curve for 30s-STST and 6MWT in identifying
the individuals with or without bronchiectasis.
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1-min STST. In COPD patients, it was demonstrated that 6MWT sig-
nificantly correlates to 5xSTST (r = 0.50831), 30s-STST (r = 0.440,32

0.52831 and 0.65033) and 1min-STST (r = 0.400,14 0.48032 and
0.75015). In CF patients, relationship between 1min-STST and CPET
was investigated by two studies and significant correlations were
observed between 1min-STST and VO2peak, with correlation coeffi-
cients of 0.66016 and 0.627,17 respectively. These studies suggest that
STST is a valid tool to evaluate exercise capacity to an extent. In our
study, we demonstrated a significant correlation between 30s-STST
and 6MWT, with a correlation coefficient of 0.718. Our findings seem
to be in consistent with those derived from COPD patients, but it
should be interpreted carefully since our sample consists of children.
Yet, we also observed a significant correlation between 30s-STST and
6MWT in our control group including healthy age-matched children.
It is important to clarify that correlation coefficient between 30s-
STST and 6MWT in healthy controls is relatively lower compared to
those obtained from BE group (0.453 vs 0.718) but, it does not neces-
sarily imply that the association between two tests is weaker in
healthy individuals compared to patients. Since the correlation coeffi-
cient is highly influenced by the sample size,34 lower correlation
coefficient in control group may be explained by the relatively
smaller number of healthy controls. In a study by Gurses et al.,35 sig-
nificant relationship between 30s-STST and 6MWT, with a correlation
coefficient of 0.611 is reported for healthy young adults, as well.
When the findings from children with BE, COPD and healthy individ-
uals are combined, it suggests that the association between STST and
6MWT may be independent from individual’s age or whether there is
an underlying disease. Thus, the potential value of 30s-STST as a mea-
sure of functional exercise capacity for children with BE is supported.
Since self-paced performance tests such as 6MWT aim to measure
submaximal level of exercise capacity,24 it is safe to presume that
STST, i.e. another self-paced performance test, will provide results in
consistent with 6MWT. Literature suggests that anaerobic metabo-
lism is predominant in the shorter versions of STST such as 5xSTST
and 10s-STST, which is more relevant to estimation of muscle
strength and speed. As the test duration increases, aerobic metabo-
lism begins to contribute to the process, thus it becomes more rele-
vant to estimation of exercise tolerance.13 30s-STST may be
considered as a reflection of both anaerobic and aerobic metabolism
and this may help explaining the association between 30s-STST and
6MWT.
In our study, we compared the cardiorespiratory responses to
30s-STST and 6MWT and observed that 6MWT elicits higher changes
in heart rate, SpO2 and dyspnea in children with BE and, heart rate
and dyspnea in healthy controls. Since healthy individuals are not
expected to desaturate significantly in field tests, it is not surprising
that we did not detect any significant difference between SpO2

responses to these tests in healthy controls. Yet, considering heart
rate and dyspnea responses to 6MWT, it is evident that 6MWT is
more physically demanding than 30s-STST for both children with BE
and healthy controls. It is reasonable to think that the amount of
physical effort involved in 6MWT is higher compared to 30s-STST,
considering longer test duration and involvement of more muscle
groups in 6MWT. We did not encounter any studies that compare the
cardiorespiratory responses between 30s-STST and 6MWT. However,
Ozalevli et al.15 demonstrated that 6MWT elicits higher changes in
dyspnea, heart rate and SpO2 in COPD patients compared to those eli-
cited by STST. It may be expected that as the testing duration of STST
increases, cardiorespiratory burden of STST will approach to that of
6MWT. Supporting this, Aguilaniu et al.36 demonstrated that a three-
minute-long STST (3min-STST) elicits SpO2 and heart rate responses
similar to those obtained in 6MWT in COPD patients. However, they
also observed that fatigue level was significantly higher after 3min-
STST compared to 6MWT. It therefore makes us assume that increas-
ing the duration of STST to meet the cardiorespiratory demand of
6MWT would not be reasonable since the individual’s physical per-
formance in STST may be limited by leg fatigue, rendering the test
less reliable to detect functional exercise capacity. Considering the
evident relationship between 30s-STST and 6MWT in BE, COPD and
healthy individuals, we concluded that 30s-STST may be used to eval-
uate functional exercise capacity, without the need of increasing the
duration of the test. In addition, the lower cardiorespiratory
responses in 30s-STST suggest that performing 30s-STST would be
safer compared to 6MWT.

Exercise capacity of patients with BE is impaired by altered pul-
monary mechanics, inefficient gas exchange, decreased muscle mass
and sedentary lifestyle.3,4,6�8 VO2peak is demonstrated to be lower in
both adults4 and children with BE37,38 compared to healthy individu-
als. However, studies comparing 6MWT of BE to healthy controls are
rather limited. Ozalp et al.7 demonstrated that adults with BE has sig-
nificantly lower 6MWT distance compared to their healthy counter-
parts, and this impairment in functional exercise capacity is
associated with reduced respiratory and peripheral muscle strength.
Peripheral muscle strength has a significant influence on both
6MWT7 and STST13,19,32 and this may also help explaining the rela-
tionship between these two tests. However, in order to consider 30s-
STST as a valid instrument for evaluating functional exercise capacity,
it is also expected to be sensitive to differences between patients and
healthy individuals beside just having a significant relationship with
6MWT. It is demonstrated that COPD patients had a significantly
lower sit-to-stand repetitions in 1min-STST compared to healthy
counterparts.15,39 Despite involving the smallest effort among all
STSTs, 5xSTS is found to able to differentiate between patients and
healthy controls, as well.40,41 Parallel to findings obtained from COPD
patients, children with BE performed significantly lower sit-to-stand
repetitions compared to healthy individuals (21.66 vs 26.55;
p<0.001) in our study. Both 30s-STST and 6MWT were able to differ-
entiate patients from healthy individuals, which supports the
known-group validity of 30s-STST. Also, in our study, ROC curve anal-
ysis revealed that both 30s-STST and 6MWT were able to adequately
identify the individuals with or without BE and had similar AUCs,
indicating that they had similar discriminative properties. We did
not encounter a similar study comparing the discriminative prop-
erties of two tests in the literature, however, Morita et al.14

explored whether 5xSTST, 30s-STST and 1min-STST are able to
discriminate between COPD patients with poor and preserved
functional exercise capacity evaluated by 6MWT. It was



M. Zeren et al. / Heart & Lung 49 (2020) 796�802 801
demonstrated that both tests have similar AUCs (ranging between
0.710 and 0.850), indicating that they have similarity in predict-
ing functional exercise capacity. This study further supports our
findings regarding the association between 30s-STST and 6MWT,
and the discriminative properties of 30s-STST.

In our study, we did not detect a significant relationship between
spirometric variables and 30s-STST. Literature has conflicting results
regarding this relationship. Several studies state that there is no sig-
nificant association between FEV1 and STST performance, indicating
that FEV1 is not a good predictor for functional status in COPD
patients14,15; whereas others report the opposite.31�33 FEV1 may not
be able to adequately explain the ventilatory limitation during a
physical effort and this may help explaining inconsistent findings.
This assumption is supported by study of Foglio et al.42 which states
that FEV1 is not a predictor for exercise performance in patients with
chronic airway obstruction. On the other hand, our BE sample had a
relatively milder impairment in spirometric parameters and this may
help explaining lack of a relationship between FEV1 and physical per-
formance measures, as well. Since the BE is a multidimensional and
etiologically diverse condition, it is not possible to determine disease
severity and its reflection on the general health status with a single
parameter, including spirometric variables such as FEV1 or FVC. To
this end, composite disease-specific prognostic indices have been
developed to help the evaluation of these patients such as Bronchiec-
tasis Severity Index (BSI).43 BSI attributes points according to age,
body mass index, FEV1, exacerbation frequency, prior hospitalization,
presence of chronic bacterial colonization, radiological extension,
type of bronchiectasis and degree of dyspnea for classifying the
severity of BE. It is shown that these composite scores reflect exercise
performance and physical impairment better compared to spiromet-
ric results alone. Researchers exploring exercise performance in these
patients may benefit from including such composite scores in their
studies.

Protocol for STSTs include a standard chair with a fixed height, i.e.
46 cm. In order to not modify the well-adopted protocol, we used the
same chair in our study as well. Height of the chair is not seen as a
major concern in studies including adults. However, using a standard
chair in a population including children may raise concerns. It may
be assumed that children with shorter stature will have to cover a
much smaller distance to complete a sit-to-stand maneuver com-
pared to taller children, which may give shorter children an advan-
tage, independent from the actual physical performance. However,
for this assumption to be justified, there would be a ‘negative’ corre-
lation between body height and STST repetitions, i.e. shorter children
would perform higher STST repetitions. In our study, we detected
‘positive’ correlations between body height and sit-to-stand repeti-
tions in both BE group and healthy controls, which may indicate that
shorter stature does not necessarily provide an advantage in STST
performance. From another perspective, it may also be assumed that
taller individuals will have to cover a much longer distance to com-
plete a sit-to-stand maneuver compared to shorter individuals, which
is not generally considered as a major concern for this test either. A
study by Gurses et al.35 reports that body height does not correlate to
neither of 10s-, 30s- or 60s-STST performances in young adults.
Although the correlations were statistically insignificant, it is still
evident that body height and STST performances have a ‘positive’
relationship (with correlation coefficients of 0.381, 0.270 and
0.275, respectively) which supports our assumptions. Considering
study samples will include both shorter and longer subjects, these
individual differences in height may not have a major impact on
the average of STST performance of the sample. We also think
that adjusting the seat height of the chair by using blocks with
various heights or other mechanisms to achieve a knee angle of
90° for every individual in an attempt to standardize the test
may not be logistically possible either. Even if it is, doing so will
contradict using this test for its practicality.
Clinical implications

Guidelines recommend evaluating exercise capacity in both the
children and the adults with BE, since it helps identifying physical
impairment in daily life that would not be predicted by diagnostic
tests. Therapeutic approaches for BE should not focus only on pre-
serving lung function or improving the symptoms such as cough or
sputum production, but also on improving physical impairment in
daily life which is shown to be quite common in these patients.
Including field tests such as 6MWT in the management of BE helps
addressing this physical impairment. But space and time require-
ments of 6MWT may limit its utilization, especially during a busy
clinical practice. In such instances, 30s-STST may be utilized for
addressing functional exercise capacity and possible physical
impairment, as well as evaluating the effects of therapeutic
approaches on exercise capacity.

Limitations

Despite reporting novel findings with clinical relevance, we had
some limitations in the present study. We were not able to measure
peripheral muscle strength in our sample. Studies demonstrate that
STST is depended on lower limb strength, suggesting an involvement
of anaerobic metabolism in STST performance. Yet, the relationship
between STST and 6MWT suggests an involvement of aerobic metab-
olism as well. Such studies should include both the measurement of
lower limb strength and 6MWT, and explore which metabolism is
involved to what extent in STST performance. This may help better
explaining the association between STSTs and physical performance
measures. Also, literature suggests that impairment of physical activ-
ity is common in obstructive airway diseases, including both the chil-
dren and the adults with BE. It is shown that physical activity level is
one of the strongest correlates of exercise capacity in these
patients.44,45 Studies investigating the exercise capacity should also
include the assessments of sedentary behavior and physical activity.
Comparing the correlations of physical activity level with different
physical performance measures may help demonstrating the similar-
ities between those measures. In addition, sit-to-stand performance
of an individual also depends on coordination skills (i.e., balance) and
core stability, and future studies including the evaluation of these
aspects of STST may provide insights in this context. Despite our find-
ings suggest that 30s-STST has a value in evaluating functional exer-
cise capacity in children with BE, the association between 30s-STST
and 6MWT in BE samples including adults and elderly should also be
investigated to be able to generalize the utility of 30s-STST to general
BE population.

Conclusion

A significant association is present between 30s-STST and 6MWT
in both children with BE and their healthy counterparts. 30s-STST
and 6MWT have similar discriminative properties in identifying indi-
viduals with or without the disease, which strengthen the association
between two tests. In addition, cardiorespiratory burden of 30s-STST
is lower compared to 6MWT, which suggests that 30s-STST is rela-
tively safer to perform. It is important to note that our findings do
not necessarily imply 30s-STST and 6MWT are interchangeable,
instead both tests provide results in parallel with each other when
performed with the purpose of evaluating functional exercise capac-
ity. In conclusion, 30s-STST is found to be a valid, space- and time-
saving alternative measurement for functional exercise capacity in
children with BE.
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